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Abstract

Repositories are being popular as places for publica-
tion of research outputs. To make more efficient use of
scholarly information on the internet, repositories are
required to cooperate with other databases. One of the
essential processes of the cooperation is identification
of scholarly papers and their authors. The straight-
forward approach is string matching of the title and
authors’ name, however this approach cannot always
solve the difficulties by basic clerical errors and same
names. This paper proposes a method to compensate
for the inaccuracy of the identification by connecting
different databases. The main idea of the method is
that different metadata of a scholarly paper is linked
by the authors themselves, therefore the correspon-
dence is guaranteed by the authors. The authors of
this paper are developing a system based on the idea
on the repository and the researcher database in their
university.

Keywords: Institutional repository, Web database,
identification of scholarly papers, identification of au-
thors.

1 Introduction

The number of digital contents on the internet is
rapidly increasing. Especially, for scholarly informa-
tion, electronic journals and repositories [7] are be-
ing popular as places for publication of research out-
puts. The metadata of a scholarly paper (that is,
the information about the title, the author(s), and so
on) is usually registered in plural databases severally,
and therefore the metadata has some variations. For
some papers, in addition to the metadata, the full-
text is archived in plural databases and it has some
versions such as the pre-/post-print. The scholarly
papers should be organized to make more efficient use
for the users of the information.

In order to organize scholarly papers, it is not prac-
tical but ideal that an authority should manage all the
papers. A feasible solution is cooperation of databases
and advanced search functions thereby. For the solu-
tion, we have to make clear the relation on scholarly
papers. The first step is “identification of scholarly
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papers”, that is, to link the variations of the meta-
data of each paper. The versions of each paper can
be managed by processing this step in detail. As the
second step, one of the simplest organizations is classi-
fication with respect to the authors. The classification
requires “identification of authors”. As the result of
these identifications, the metadata should have IDs
which correspond to real papers and authors.

The straightforward approach of the identification
of scholarly papers and authors is string matching by
the title and authors’ name. Some variations of the
title can be identified by approximate string match-
ing [6]. As for authors, the accuracy can be improved
by matching of extra information such as the affilia-
tion. However, this approach cannot always solve the
difficulties by basic clerical errors and same names.
Another approach of a different quality is confirmation
by the authors themselves. For example, the problems
are solved by adding unified IDs for scholarly papers
and authors (such as DOI and the ID for membership
of an association) to the metadata when the paper is
registered. However, it is difficult to popularize unified
IDs in advance, and moreover this solution cannot be
applied to the papers which are already archived. The
main idea of our solution is that the confirmation by
the authors is realized by a cooperation of databases.

In this paper, we are trying to solve two problems
in practical systems as a case study. Kyushu Uni-
versity has the researcher database DHJS (Kyushu
University Academic Staff Educational and Research
Activities Database, “Daigaku Hyoka Joho System”
in Japanese) [1] and the repository QIR (Kyu(Q)shu
University Institutional Repository) [2]. One of the
problems we tackle is about identification of scholarly
papers. DHJS has the metadata of scholarly papers
which are produced by the researchers in the univer-
sity. The number of the registered metadata is about
70,000, however it is estimated that at most about
20% is duplicate data. The other problem is about
identification of authors. In QIR, a search of an au-
thor is operated by the naive string matching on the
metadata, therefore the search cannot recognize any
same name. The previous problems are solved by the
following cooperation of the systems. By connecting
the metadata in DHJS to the full-text in QIR,

e the first problem is solved since the identification
of any paper is operated in QIR by handwork,
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e the second problem is solved since a user authen-
tication is required in DHJS for registration of
metadata.

The number of the institutions who have own repos-
itory in the world is about 1,600 as of September
2011 [3], and most of the institutions are considered to
have the same problem. In this paper, the situation of
the practical systems in Kyushu University are shown
in detail, and the problem and solution are described
formally. Therefore, the proposed idea is applicable to
other institutions.

2 Problem

This section describes the current situation of two
databases, DHJS and QIR, and then formalize the
problems we tackle.

2.1 DHJS

DHJIS is the researcher database of Kyushu University.
DHJS has various kinds of data about the researchers
in the university, for example, the posts, their research
interests, and the scholarly papers they produced. The
number of the researchers in the university is about
3,000 as of October 2010, and any researcher has a
duty to register their research activities includes the
metadata of scholarly papers into DHJS. DHJS con-
sists of the two subsystems, the data-entry system and
the viewer system. The data-entry system supports re-
searchers to register their research activities to DHJS
and equips a user (that is, a researcher) identification
by a password. The viewer system shows the research
activities registered in DHJS by the data-entry sys-
tem. Fig. 1 is an example of the list of the metadata
of scholarly papers in DHJS. The icons in the figure
are mentioned in the following section.

The number of the metadata of papers registered
in DHJS is about 70,000 as of January 2011. If a
paper was written by plural authors in Kyushu Uni-
versity, the metadata of the paper might be registered
by each authors severally. We practically estimated
the ratio of duplicate data in DHJS by calculating the
edit distance [8] between the titles of the papers in
Kyushu University. Fig. 2 is the result of the calcu-
lation for a department with about 15,000 pieces of
metadata. The horizontal axis shows the number of
pairs and the vertical axis the edit distance which is
formalized by the length of the longer title. The num-
ber of the pairs whose edit distance is less than 0.1 is
about 3,000, that is, the number of the duplicate data
is at most about 3,000 (and 1,500 if we assume that
4 pieces of metadata are registered for a single paper
on average)'. Therefore, at most about 20% of the

IThe number of the duplicate data is defined to be the gap

metadata are estimated to be duplicate. There was
no significant difference of the ratio for every depart-
ments. By identification of the duplicate data, we can
make more efficient use of the database, for example,
we should be able to refer co-authors’ site in DHJS
from the metadata.

2.2 QIR

QIR is the institutional repository operated by
Kyushu University Library. Generally, institutional
repository archives the full-text of each paper in addi-
tion to its metadata. The total number of the items
(papers, slides, and so on) in QIR is about 17,000 as
of January 2011. The registration of items to QIR are
operated by stuff in Kyushu University Library, and
therefore the confliction of items are checked by hand-
work at the time. Fig. 3 is an example of the metadata
of an item in QIR. The name of each author is linked
to the profile page of the author, however the page
is just the result of the naive string matching of the
name for the items in QIR.

2.3 Formalization

The problems in the previous subsections are formal-
ized in this subsection. Since we are focusing scholarly
papers and their authors, we consider the set P of the
real scholarly papers and the set A of the real au-
thors. We define the metadata of a scholarly paper to
be a pair of a string (the title) and a non-empty set of
strings (the author(s)). The problems are defined to
be, for a given set M of metadata, to find functions
f:M — Pand g: M — 24, respectively. In other
words, it is to put indexes in P and A on the title and
the author(s) of each metadata.

In this paper, the input sets of metadata are Mp
and Mg for the metadata in DHJS and QIR, respec-
tively. Then, the following assumptions are given for
the problem by the current situations in the previ-
ous subsections. As mentioned in Subsection 2.1, the
metadata in DHJS is registered by one of the authors
and the registration requires a user authentication.
Therefore, it is regarded that we have the function
g1 : Mp — A such that g1(d) € g(d) for any d € Mp.
As to Subsection 2.2, the correspondence between the
metadata in QIR and the full-text is guaranteed by
the check of the stuff in Kyushu University Library.
Therefore, we have the function f; : Mg — P such
that fi(q) = f(q) for any ¢ € Mg.

between the number of the metadata and the number of the
distinct papers. If we assume that the duplicate data is made
by n authors for each paper, then ,,Cy pairs are counted for each
paper and the number of the duplicate data is n — 1 for each
paper. Therefore, the number of the duplicate data is 2m/n for
the number m of the counted pairs.
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Figure 1: The Web image of the list of scholarly papers in DHJS.
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Figure 2: The edit distances between the all possible pairs of the 14,599 titles in DHJS for a department.

3 Solution

3.1 Main Idea

The main idea of our solution is, in terms of the
formalization in Subsection 2.3, to find the function
h: Mp — Mg such that

e f1(h(d)) = f(d) for any d € Mp,
e g1(h'(q)) = g(q) for any ¢ € Mg, where

h~'(q) = {d € Mp | h(d) = ¢} and gi(S) =
{g1(s) | s € S} for a set S C Mp, and

Ha).
This situation is illustrated in Fig. 4. In this example,

P = {p17p2}; A= {al,a2aa3}; MQ = {Q1»(I2}a and
Mp = {di1,ds,ds}. The functions f and g are as the
following table.

e g(q) = g(d) for any d € h~

z | @ 92 d do ds
) b1 P2 Y41 b2 b2

9(@) | {a1} {az,a3} {ar} {az,as}  {az,as}
As the assumptions, we have the functions f; and g¢;
such that f1(¢;) = p; for i = 1,2 and ¢1(d;) = a; for
i =1,2,3. Then, h should be h(dy) = q1, h(ds) = g2,
and h(ds) = qa. Therefore, by h, we have h o f; and
h=1lo g1 such that h o fl(dl) = p1, ho fl(dg) = po,
ho fi(ds) = p2, h™'ogi(q1) = {a1}, and h™ ' ogi(g2) =
{az,a3}. Additionally, we have h o h™1 o g; such that
hoh™'ogi(di) = {a1}, hoh™' o gi(da) = {az,as},
and hoh~!og(d3) = {az,as}.

In the sense of the practical system, the first con-
dition is clearly realized by linking the metadata of a
paper in DHJS to the metadata of the paper in QIR.

The second one is realized by the previous link if any
author of the papers in QIR register the metadata of
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Figure 3: The Web image of the metadata of an item in QIR.
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relation of the dotted arrows.

the papers. It is also clear that the last one is realized
by the link since the author(s) of a paper in DHJS is
same as the paper in QIR.

3.2 Implementation

We have already developed a system which links the
metadata in DHJS to the full-text in QIR [5]. In Fig. 1,
the colored icon “fulltextQIR” is connected to the cor-
responding full-text in QIR. Researchers put icons on
the list in the data-entry system in DHJS, and link
them to the full-text by themselves. The other icon
“SearchQIR” means that the metadata is not linked
yet. Therefore, the correspondence between the meta-
data in DHJS and the metadata in QIR is guaran-
teed by check of the author instead of string matching.
Namely, this link system realizes the function h. The
ID of any paper in QIR is attached to the metadata
in DHJS by this link. Additionally, since the meta-
data in DHJS has the ID of the author who registered
the metadata, we can put the ID to the corresponding
metadata in QIR by the link. By returning the au-
thor IDs from QIR to DHJS after the IDs for all the
authors are attached, also the metadata in DHJS can
have the IDs of the authors.

One of the problems in the implementation is that
the number of the metadata (full-text) in QIR is small
compared with the number of metadata in DHJS. As
mentioned in Section 2, the number of the metadata
in QIR is 17,000 while the number in DHJS is at least
about 56,000. To verify the effectiveness of our so-
lution, the number of metadata in QIR is required
to be large to complete the correspondence with the
metadata in DHJS. We are developing a system to en-
courage researchers to register their papers to QIR by
showing the result of access log in QIR [4].

4 Conclusion and Future Work

A method to compensate for the inaccuracy of identi-
fication of scholarly papers and authors on the meta-
data in separated databases was proposed. We formal-
ized the problem in the practical systems and proposed
the solution in terms of the formalization. Moreover,
we showed the outline of the implementation based on
the idea of the proposed solution.

One of our future work is the implementation of our
solution along with the outline. Then, we are going to
examine the accuracy of the identification, and observe
the number of the access and the registered papers of
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QIR.
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