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Abstract

This paper describes a method to draw the network of
inventors and their technology. It is based on the co-
occurrence analysis of inventors of a company described in
their patent documents. Empirical evaluation, using 16,375
cosmetic related patent documents, shows that the method
discloses the structure of research and development activi-
ties of companies.

1. Introduction

The increasing amount of information are available on
the Web. The technological information and academic re-
search information are not exception, which were used to
be published only in scientific journals. The situation con-
cerning to the patent documents is changing as well. The
patent documents used to be available mostly in commer-
cial sites e.g., PATOLIS1. In March 1999, Japan Patent Of-
fice (JPO) opened the site IPDL2 where a user can search
and download the patent documents. In European Patent
Office3, patent documents of 71 countries are provided for
free. Google4 started free patent search service in 2007. The
patent have three features that are different from non-patent
documents such as scientific articles. The first feature is
that they are written in the uniform format that contains ti-
tle, abstract, publication date, document number, assignee
name, application serial number, inventor name, interna-
tional classification etc. The second feature is the cover-
age of fields. Any kinds of invention in any technology

1http://www.patolis.co.jp/
2http://www.ipdl.inpit.go.jp/homepg.ipdl
3http://ep.espacenet.com/
4http://www.google.com/patents

fields can be applied as patents. On the other hand, most
of all non-patent document databases focus some specific
technological field. The third feature is that the documents
guarantee the activity of enterprises as intellectual property.
Intellectual property is very important for the enterprises to
maintain their business activities in markets. From the time
that Koizumi administration established the Strategic Coun-
cil on Intellectual Property, Japanese government has pro-
moted enterprise’s activities for intellectual property5. In
April 2007, JPO released the collection of intellectual prop-
erty strategy examples: “Toward Strategic Intellectual Asset
Management: Improving Technology Management Capac-
ity” [6]. This report announced that intellectual property is
very important to strengthen technology management, and
showed progressive activities in Japanese big companies.
By analysing patent documents of a company, we can guess
the policy of the company’s research and development.

It is necessary and indispensable to maintain stable intel-
lectual property for managing a enterprise. Moreover, the
evaluation of the literary property is closed up in M&A and
the value of the intellectual property becomes an important
judging material in the market. The value and range of the
patents should be determined compared to the competitors.
In some circumstances, it will be wise to consider licensing
the patent to competitors. That is, it is necessary to anal-
yse patent information from the aspect of the accounting.
However, it is difficult to understand the correlation of the
patent of the huge number of cases at one view, and is a
factor to annoy management. Thus, more convenient tools
are required for no-expert of patents. This paper proposes a
method that enables non-patent experts to analyse relation-
ship of inventors of target company.

The contribution of this paper is as follows:

5http://www.kantei.go.jp/foreign/policy/titeki/konkyo e.html



1: We proposed a novel approach for analyzing organiza-
tional structure of research & development division of com-
panies. A naive approach would require some information
on personnel affairs, which is not available in general. In-
stead, we use the information of co-inventors described in
patent documents. We apply the notion of concept graph
[16] which uses co-occurrence frequencies of inventors and
keywords.
2: We showed case studies of the proposed method for cos-
metic companies. It turned out that there is a clear differ-
ence that identifies the structure of concept graph of inven-
tors of Japanese company from that of European company.
We observed that raw material companies and consumer
product companies are able to distinguished by the same
characteristics of the graph.
3: We proposed another method of “matrix map” [14] to
extract key inventors and to identify research group. The
inventors who listed in the first place are used as x-axis of
the matrix and other inventors are used as y-axis.

The rest of this paper is organized as follows. We review
of related work in Section 2 followed by a discussion of
co-inventors’ analysis. Section 4 begins with the exposition
of concept graph applied to patent documents. Section 5
describes the two organizational styles of R&D division ob-
served by the concept graphs of inventors. Section 6 anal-
yses key inventors using matrix maps. Finally, the paper is
concluded in Section 7.

2. Related Work

There have been several commercial patent services, but
there have not been many academic research in patent re-
trieval before SIGIR2000 6 and NTCIR project7. Recently,
the patent data are attracting many researchers in informa-
tion retrieval(IR) field [2]. The aim of these research are
mainly in technological ones, for example, cross language
retrieval, summarization, question and answering and clus-
tering, categorization. One reason of this movement comes
from the political change toward “pro-patent” [6, 11]. On
the other hand, multidisciplinary research emerged to anal-
yse and evaluate the influence of scientific research to indus-
try. [12] and [18] disclosed “science linkage” by applying
citation analysis for references of patent and scientific ar-
ticles. These researches belong to information science and
sociometrics.

The goal of the present paper is not to analyse the rela-
tionship between patent documents or scientific articles but
to analyse the relationship of inventors of patents. It can be
considered as one subject of social networks. Kautz et al.
[8] used the search results of a person’s name and extracted

6http://research.nii.ac.jp/ntcir/sigir2000ws/
7http://research.nii.ac.jp/ntcir/outline/prop-ja.html

other names and evaluated their relationship by Jaccard co-
efficient. Asada et al [1] extracted human relationship from
researchers’ activities that can be observed in Web pages.
[10] showed the human network with keywords that con-
nect people. [4] applied this approach to discovery of inter-
firm networks. These studies aim to develop new methods
of competitive intelligence [7] which analyse relationship
of people and organization. The present paper differs from
those researches in that we use patent documents and that
we analyse the co-inventor relationship.

The “brainmap” of CHI Research Inc. [13] uses the same
information and visualises relationship of co-inventors in
specified patents of the same company. The relationships
are shown in a matrix where the names of inventor are lined
in y-axes and the patent id’s are lined in x-axes. On the other
hand, the “concept graph” of the present paper visualises an
inventor as a node and the relationship with co-inventors are
displayed as directed edges.

3. Analysis of Co-inventors

Patent search is indispensable to confirm the intellectual
property of the firm who are going to apply a patent. Patent
search yields valuable information of competitors[7] which
is useful for strategy decision of own company as well as for
acquisition or merge of the target company. There are sev-
eral reports on the analysis of the research organization by
the official body and the think tank. They are based on the
questionnaire to the enterprises and the researchers. How-
ever, the questionnaire is not possible for a rival enterprise
or for all companies in a specific industry for a company.
Analysis tools based on objective material are needed for
structural analysis of research and development division of
target companies. The brainmap of CHI is another such tool
where co-inventors who worked together for some period
are connected in lines. They can be used to find weak and
strong technology areas of a company. Patent analysis can
be useful to consider merger/acquisition target purely from
a technological view.

Inventors play a key role in activities of an enterprise.
The records of the inventors and their activities, which
can be measured through patent documents, can be used
to guess the company’s R&D direction. The number of
researchers reflects the investment of the company for re-
search division. In fact, it is known that there is a high
correlation between the average sales per employee and the
patent application number per inventor [3]. The main target
of key researchers will show the current status of techno-
logical development level of the company.

The present paper analyses how inventors are organized.
In some companies, very small number of researchers work
together for one project. In other companies, there are sev-
eral people who have different level of contribution for one



project and who appear as co-inventors in many patent doc-
uments. The concept graph [16] of inventors visualizes the
organizational difference of companies. If we augment the
keywords into the graph, we can interpret the group of in-
ventors.

This paper demonstrates some case studies based on the
patent documents that were applied to Japan Patent Office
during 2000 and 2005 and were classified with IPC (in-
ternational patent classification) “A61K7” that covers cos-
metic related technical field. We prepared 16,375 patent
documents with “A61K7”. We constructed a concept graph
search engine and a matrix search engine for the data set
and analysed the inventors of each company.

4. Concept Graph of Patent Documents

The concept graph engine [16] is a search engine that dis-
plays the search result as a directed graph of keywords that
appear in the documents. The system extracts the character-
istic words that appear almost only in the search results and
the hypernym/hyponym relationship of the keywords are es-
timated using their frequencies and shown as a diagram. In
[16], a word u is said to be more general to another word v
with a threshold α, denoted u >α v, if

df(u, R) > df(v,R) (1)
df(u ∗ v,R)/df(v,R) > α (2)

where df(w,R) is the number of documents in the search
result R that contain the keyword w, df(u ∗ v,R) is the
number of search results that contain both u and v, and 0 ≤
α ≤ 1.0 is a threshold. When we use the threshold α = 0.5,
u >α v means that u is used much often than v and that
most documents which concerns v have something to do
with u.

If we consider inventors as well as keywords that appear
in patent documents, the concept graph draws the relation-
ship of co-inventors and their research subjects at tha same
time. Fig.1 is such a graph for 584 patent documents ap-
plied by a Japanese company “A” in 2000-2002 which con-
tains 35 inventors and 41 keywords(nodes colored pink).
We can see 4 large groups (connected nodes) of researchers
and 9 small groups. We also can interpret the activity of the
groups by the keywords.

5. Concept Graph of Inventors

We study concept graphs to analyse the organizational
structure of R&D division of cosmetic companies. The aim
of the analysis is to extract key researchers and research
groups. In this section, we do not consider the order of
the inventors in a patent document and use the number of

Figure 1. Concept Graph of Inventors and
Keywords

patents by a researcher as his/her contribution. The first
authorship is considered in the next section.

The lessons we learned are that there are two kinds of or-
ganizational style of R&D division which consists of either

Type A a small number of large groups which contain
hierarchy of subgroups, or

Type B many separated groups of inventors.

5.1. Cluster of Subgroups of Inventors
(Type A)

Fig.2 displays the concept graph of inventors of 584
patent documents applied by a Japanese cosmetic company
“A” that develops consumer products. The graph is drawn
with the threshold α = 0.5, which implies that more than
half jobs of an inventor v, who is linked to the right side
of another inventor u, have something to do with u’s job
and that u and v belong to the same group where u plays a
more important role. Thus, it seems that the company “A”
has 18 independent research groups. But it is too naive to
understand the situation. If we lower the threshold α, we
see an organizational characteristics of R&D division of the
company. Fig.3 is the graph with α = 0.1 where separated
groups in Fig.2 are linked and form a large group. The im-
plication is as follows. This company has several distinct re-
search groups with key person, but they have flexible collab-
oration. We observed the similar situation in other Japanese
cosmetic companies who produce consumer products.

Fig.4 shows the concept graph for 79 patent documents
applied by a Japanese company “B” in 2000-2002, who
provides raw material to other cosmetic companies. Even
though the threshold α = 0.5 is tight, the graph is much
more complex compared to the graph Fig.3 of the company



Figure 2. Concept Graph of Inventors (α =
0.5)

Figure 3. Concept Graph of Inventors (α =
0.1)

Figure 4. Concept Graph of Inventors of a
Raw Material Company(α = 0.5)

“A” where there are several separated groups. In Fig.4, we
see only one large group of inventors where several inven-
tors belong to multiple sub-groups. One possible reason
would be that a company who produces raw material tries
to keep the intellectual property before they provide to other
company who produces consumer product. Thus, the com-
pany requires several groups of researchers who consider
applicable fields of the material. However, the groups are
related to the material and thus the subgroups form a large
group.

5.2. Independent Groups of Inventors
(Type B)

We analysed another company “C” whose headquarter
and research division is settled in a European country. Even
though we changed the threshold α from 0.5 to 0.1, there are
few change in the concept graph Fig.5. This implies that the
company has independent groups whose member are fixed
and each group does not work collaboratively. An interpre-
tation of this result would be that an individual inventor has
a large responsibility and authority in a specific field, and
the relations with other sections are few. In a research re-
port [15], it is pointed out that there are three different points
of view in management style of R&D division in Japanese
companies and in European companies.
(1) Japanese enterprises adapt lifetime employment system,
while European enterprises employ a researcher by a con-
tract that specifies the individual ability.
(2) According to lifetime employment system, most people
are expected to promote in the same company in Japanese
enterprises, while they prefer to move out of a company
instead of moving to other section of the same company in
European enterprises.
(3) The most closely related division to R&D division is the
sales and marketing section in European enterprises, while
it is the manufacturing section in Japanese enterprises.

The implication of this report is that European enter-
prises employ necessary personnel to specific technological



Figure 5. Concept Graph of Inventors of an
EU company (α = 0.5(Left), α = 0.1(Right))

development. The employed person takes the responsibil-
ity and the authority for the development and has little in-
house reshuffle and relations with other section of the R&D
division or with the manufacturing section and has small
number of co-inventors. Our analysis of Fig.5 matches this
claim.

6. Discovery of Key Inventors

In the concept graphs of inventors, we used the number
of the patents of an inventor to evaluate his/her contribu-
tion to the company. Group structure is estimated by hyper-
nym/hyponym relationship. As a result, separated groups
of researchers form a directed graph where key inventors
can be easily recognized as roots of groups. However, there
may be another way to describe researchers’ contribution by
their position in the list of inventors, where the first inventor
is assumed to the key person of the patent.

In this section, we analyse groups of inventors by “ma-
trix” engine [14] which displays the search results in two di-
mensional matrix. There are many ways to display patents
as patent maps8 and there are many patent map softwares
[5]. In [14], a user can choose two aspects, e.g., X and Y,
of the data to analyse. Each data di is displayed in a cell of
the matrix that is specified by (X(di), Y (di)). Fig.6 shows
a matrix with the IPC and the publication year as the two
aspects. The number written in each cell shows the number
of inventors whose patent matches the two aspects.

In this section, we use the first inventor as Y-axis and
other inventors as X-axis. Fig.7 is such a matrix map for
a Japanese cosmetic company “C”. The patent documents
were searched by specifying the top 3 researchers of the
company who made many patents as the first inventors.

8http://www.jpo.go.jp/shiryou/s sonota/tokumap.htm

Figure 6. Matrix Engine

Note that inventors are written in the cells instead of the
number of patents. We can see that A,D and F form a group
where A and D are key inventors and F is a supporting re-
searcher. We can also see that another group of B, E, I and J
where B and E are key inventors and I and J are supporting
members.

7. Conclusions

We proposed a method to analyse the relationship of in-
ventors of a company by the concept graph engine. Case
studies are shown for cosmetic companies. A clear dif-
ference was found in the structure of the graphs between
Japanese companies/European companies and raw material
companies/consumer product companies.

The present paper is still in an early stage of the analysis.
The number of case studies of the present paper is small and
much large number of samples will be necessary to confirm
the effectiveness of the proposed method. There may be
several factors to evaluate key inventors, as mentioned in
Section 6. Comparison and combination of these approach
is another further work.
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