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human brain

Kazuhito Shidaf, Yoshiyuki Kawazoe!
Kazuya Kumekawa'!, Ryuta Kawashimaft
Masao Otsukiftt, Hiroshi Fukuda't
tTAO, Aoba Brain Imaging Research Center, IMR Tohoku Univ
t1School of Medicine Tohoku Univ
111IDAC Tohoku Univ

- Nowadays, highly advanced medical imaging devices, like MRI(Magnetic Res-
onance Imaging), are developped and have become rather common apparatus for
medical research of the human brain. No matter how much data is obtained, how-
ever, it is nothing without appropriate measure for searching and analyzing it. The
necessity of sophisticated database management systems for three-dimensional brain
images is now clear.

A three-dimensional brain image database which consists of about 1000 brain
images taken from normal subjects are under construction. In this paper, what
have accomplished on the database up to now will be introduced and several issues
on general design of such kind of database are discussed.

1 Introduction 1000 brain images taken from normal sub-
' jects. In the following sections, what we have
accomplished on the database up to now will
be introduced.

Development. of various medical imaging
devices enables- us to obtain vast amount of
three-dimensional data on the final frontier
of modern science: the human brainl!!, The
vastly accumulated data is, however, noth-
ing without appropriate measure for search-
ing and analyzing. The necessity of sophisti- These point should be satisfied by such
cated database management systems for three-  database systems.
dimensional brain images is now clear.

The brain images, each of which is 4 to
16 megabytes large depending on format and 2.1 Fast reaction speed
resolution, should be easily selected and trans-
fered via network and should be delivered to
the desktop of the researcher dealing with
brain image analysis. Once such a system is
realized, the system will be utilized for con-
-structing standard brains and clinical pro-
cesses which are much helped by real-time
scarching of the brain images.

We have been constructing a three-dimensional
brain image database which consists of about

2 Requirement for the database

The large size of three-dimensional brain
image is a challenging factor for present fast
network systems. This situation is made worse
by huge accumulation of data, because the
necessity of mass-storage devices such as au-
tomatic tape/disk libraries are eminent. The
robotics system which exchanges media give
rise to further latency of data delivery and its
complicated dependency on access pattern.
Fast network itself, e.g. ATM or FDDI will



RN AR T

exhibit several problems due to the large size
of files to be transfered.

To study this issue, we have employed an
ATM network which is spread among several
medical institutes and is rather heterogeneous!?.
Also we have a CD-ROM based mass-storages
device. We are trying to check how eflicient
the data distribution can be on this hardware
and to improve it.

2.2 Extended data-usability

In these kind of database systems, the idea
of data-usability should be far more extended
than they are in the conventional databases.
The theoretical background of the relational
database management systems(RDBMS) is
proven to be very useful to organize vari-
ous kinds of complicated data structure. It
seems, however, that the RDBMS does not
offer much help in the case of image database.
This is especially true when the organization
of the images are flat and relationship be-
tween images are mainly defined on-the-fly
manner, as in the case of ours.

Flexible image handling and casy access to
the image processing tools gives far larger im-
pact on data-usability. Also, since the database
will deal with three dimensional images, which
is hard to grasp for human user, the idea of
data-usability should include accessibility to
image visualization tools from the database.
Otherwise, the users have to invoke image
tools separately from database interface, hence
the integrity of the whole system will be far
degraded.

2.3 User-friendly interface

The system does not have to have so called
"user-friendly” interfaces because all supposed
users in this case are professional researchers
or medical doctors. Nevertheless, detailed
knowledge on the structures of the database
should be hidden to users who are busy in
their medical works. Nowadays, even the
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Structured Query Language(SQL)P, which
was originally designed for non-professional
database users, is too complicated and as-
suming too much background on the struc-
ture of the database.

The World Wide Web(WWW)" guaran-
tees an easy and graphical access from database
to almost any kinds of client computers. And
related technologies like the form interface
and accompanied Common Gateway Inter-
face(CGI) will be a nice alternative interface.
The form interface is very intuitive and hid-
ing details of the system well.

However, the form interface has a funda-
mental limit on the complexity of search con-
ditions. Moreover, users of image databases
tends to use complex search conditions in
combination with various image processing
procedures which might be under develop-
ment and undergo daily changes.

In Figure 1, such a situation is exemplified.

In the figure, the large rectangle at left
of the figure represents the database system.
Small rectangles are original and processed
brain images. And elliptic objects are repre-
senting various image processing tools. A se-
ries of image processing should be applied to
obtain typical representation of a image from
the database ((a) in the figure) like a slice-
view ((b),(c),(d) in the figure). As shown in
the following section, the standard brains are
calculated from certain group of images((e),(f),(
in the figure). Such procedure might be re-
peated with different parameters as a kind of
optimization process, ((h),(i),(j) in the fig-
ure) as discussed in the following section.

In these examples, the image data han-
dling, the image processing and the handling
of their result are so intertwined and kind of
algorithm should be involved to perform the
whole process. Character based interface like
some kind of shell or command-interpreter
will be more appropriate in such cases. Also,
a script language function may be provided
by such shell, which might be nice medium
on which many other tools communicate each
other. This will give rise to the above-mentioned
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integrity of the image processing system.

3 The standard brains

We are especially interested in processing
these brain images from normal subjects be-
cause the brain imagés without any lesion or
defect must keep their natural forms. From
natural forms, we can derive an average shape
of the brain. Such an average is referred to
as a standard brain. A standard brain is very
useful for computational analysis of brain im-
ages because it gives us an anatomical map-
ping on the brain.

Also, such an average shape of brain might
be useful for clinical application. If there is
some statistically significant difference exists
between a patient’s brain and the standard
with all condition (age, sex, etc.) the same
as the patient, it might be understood as a
sign of diseases.

In other words, by gathering normal brains,
standard brains are able to be defined for
each sub-set of the brain images. Image sub-
sets consist of brain images from subjects
who have any special attribute such as male,
female, special metabolic problems, in com-
mon. Then we can discuss several issues by
means of the standard brains.

Firstly, when a new brain with known at-
tributes is given, the standard brain of the
sub-set with the same attributes can be used
as template of pattern recognition to iden-
tify each part of the brain. Such process is
called registration in the field of medicine.
The parts of the brain to be identified are,
namely, the frontal lobe, temporal lobe, oc-
cipital lobe, and parietal lobe. These are
corresponding to front, side, top, and dorsal
parts of the brain, respectively. And more
detailed registration can be done in similar
manner. Using finer subset, that is, specify-
ing more conditions for sub-sets which stan-
dard brain based on, is effective to improve
precision of the registration. Today, auto-
mated registration is highly advanced!®, but
it still is imperfect and often needs human su-
pervision or final check on the result. Hence,
the result, in a form of color-coded image,
should be related to and organized with the
original image in the database.

Secondly, when a newly given brain’s at-
tributes are unknown, the difference from the
standard brain will be helpful to decide whether
it should be included to the sub-set. This will
be helpful for clinical diagnoses by taking the
standard brain of the healthy subset. Spec-
ifying more conditions give rise to reliabil-
ity of diagnosis. For example, the reduction
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of brain volume, which is not rare in elderly
people, may be diagnosed abnormal taking
a standard brain of whole population as the
benchmark. This can be avoided by using a
standard brain defined for people elder but
proven as healthy. In such a task, brain im-
ages which satisfy certain conditions should
be handled as a group, so that reseacher’s
workload is minimized.

Thirdly, when standard brains are defined
for more than one sub-sets on which we ex-
pect some meaningful difference, comparing
the standard brains of those sub-sets are best
way to evaluate the difference of the sub-sets.
Also, for sub-sets parametrically classified,
such a procedure is useful for parametric un-
derstanding of the difference. This is espe-
cially interesting when the parameter is the
age, because this is verily clarifying the mode
of aging of the brain, which is very important
theme of medicine in the near future. How-
ever, to discuss effects of various factors on
retarding or aggravating the aging, the stan-
dard brain should be made for various sub-
sets on demand. In this case, if calculating
a standard brain for particular subset can be
initiated by single command, it is the ideal
way of introducing abstraction to database.
Again organization of images and image pro-
cessing tools is important.

4 Source of the brain images

As explained above, the normality of the
subjects is especially important. All brain
images should be free from defects. All brain
images incorporated into the database should
be taken from subjects who are free from dis-
eases which can affect the shape of the brain.
At the same time, the number of the subject
is also important for reducing the statistical
error of the standard brain. As subjects, we
have been inviting volunteers.

Having noticed that considerable number
of the volunteers who claim to be healthy by
themselves have severe diseases, we are car-
rying out the following screening procedure

it
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for every one of the volunteers.

After the agreement to conditions of our
research project and confirmation of ones ”in-
formed consent”, every one of volunteers is
examined by a doctor of our team, and a set
of MRI images of ones brain is taken. The
data obtained from examination process is
recorded in a form of questionnaire. This
data will be introduced later as attribute data
of the brain images. The doctors of our team
check the state of the subjects by means of
the MRI images and classify them into fol-
lowing five classes.

A. No lesion is recognized in their brain im-
ages.

B. Limited number of lesion are recognized.

C. Worse than B. However, practically they
are health.

D. Severe problem is found in their brain.
These subjects are introduced to clin-
ical doctors. Since all our procedure
is just for quick screening of unhealthy
brains, further formal examination is
recommended for subjects classified to
this class. They are not included in our
data base.

O. The brains in this group are actually be-
long to one of A, B, and C, class. How-
ever, some problem is found in the MRI
images, somewhere but in the brain.
Namely, they have problems in their
cars or nose. These subjects are intro-
duced to the otorhinolaryngologists.

X. There is a problem on quality of the MRI
images. Possibly a mistake in the scan-
ning. Occasionally, foreign objects, es-
pecially metal crowns of dentist on their
tooth cause this kind of problem by its
large magneto-susceptance. If such for-
eign objects can not be removed easily,
the subject is simply released.

The brain images classified to A, B, and C,
class will be incorporated to the data base.
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5 Organization of the database

The brain images are stored into the database
with their attribute data. The images are ad-
dressed and searched by using these data as
keys.

Searching for images taking an image as
a key, that is, automatic filtering of images
based on similarity between the images and
given key, is recently getting large attention.
However, in our project, such kind of image
searching is kept as a theme for future ex-
tension. Because image key is useful only if
there are several subsets of images which are
unlike to each other. Since all images in our
database are normal brains hence the differ-
ence between them should be small.

The data model so far we have been using
is a relational one. Its main key is the iden-
tifiers or the handles of the images related
to various attribute data stored in the single
table. There are other tables in the system
(e.g. for user administration), in this paper
they are not introduced for simplicity.

The following are the name of each field of
data and its explanation. Some of them are
directly corresponding to single SQL field.
Others are corresponding to multiple SQL
fields. These correspondence rules are also
introduced. The datatype (float, character
etc.) is decided to maximize the data usabil-
ity of the completed system.

Some of the fields are directly related to
particular diseases. We have selected these
diseases according to our special interest on
them and a natural assumption that only
limited diseases have significant effects on shape
of the brains.

5.1 Generic data

Subject ID: Consists of unique number and
name of the institution the subject is
accepted. The latter part is necessary
because we are planning to gather MRI
images from more than one institutes.

Age: An integer.
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Sex: A string field contains either of “Male”
or “Female”.

Height: A floating number in centimeter.
Weight: A floating number in kilogram.

Blood pressure: Two floating numbers called
BP_L and BP_H. They are translated
from widely used notation like ”80,/170".
The unit used for BP.L and BP H is
“mmHg”.

Handedness: A floating number between -
1.0 and 1.0. This value is the like-
lihood of the subject’s handedness: -
1.0 means completely left-handed. 1.0
means completely right-handed. This
value is evaluated by a standard test(®,

MRI diagnose: The diagnosis made by doc-
tor by means of the checking in advance
which is described in chapter 4.

5.2 Life style

Smoking: Whether the subject ever have a
smoking habit. Either Y or N.

Drinking: Whether the subject ever have a
drinking habit. Either Y or N.

Smoking index: A floating number which
describes how much is the subject cur-
rently smoking.

Drinking index: A floating number which
describes how much is the subject cur-
rently drinking.

Profession: Current profession of the sub-
ject. A string field.

Exercise: What kind of exercise the subject
is currently doing. A string field.

Hobby: What kind of hobby the subject is
currently doing. A string field.
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5.3 Psychological test

ey

PSYCOTEST: Either Y or N, meaning whether

the subject has cooperated in the psy-
chological test. This field is necessary
because the subjects are allowed to deny
this part of examination if they do not
want.

PSYCOVAL: Twenty-five floating values each

of which are representing specific trend
of the subject’s psychology. Originally
extracted from a standard test!”).

5.4 Current Diseases

For each of selected diseases, there are three
fields describing whether the subject has the
disease (Either Y or N), how long they have
been with that (A floating number in years.),
and what kind of meditation or treatment
they have undergone (a string field). Selected
diseases are:

o Hypertension
¢ Hyperlipoidemia
e Hypercholesterolemia,

e Diabetes

5.5 DPast Diseases

Any diseases the subject have experienced,
then recovered. A string field.

5.6 Past Diseases on Family

For each of selected diseases, there are five
fields (Either Y or N) each of which rep-
resents whether the subject’s parents, sib-
ling, grandparents, children, and grandchil-
dren have or had the diseases. Selected dis-
eases are: :

o Hypertension

¢ Hyperlipoidemia

Vol.10, No.2

Hypercholesterolemia

Diabetes

Cerebral infarction

Cerebral hemorrhage

Subarachnoidal hemorrhage

Psychiatric disorders

Arrhythmia

5.7 Subjective symptoms

Headarch: Whether the subject is complain-
ing headarch. (Either Y or N)

Vertigo/Dizziness: Whether the subject is
complaining vertigo or dizziness. (Ei-
ther Y or N) 4

Insomnia: Whether the sub ject is complain-
ing problems on sleeping. (Either Y or
N)

Ear ringing: Whether the subject is com-
plaining a ringing in ears. (Either Y or
N)

Forgetfulness: Whether the subject is com-
plaining forgetfulness. (Either Y or N)

Auxiliary: Any complaint the subject makes.
(A string field.)

5.8 Current usage of drugs

For each of selected kinds of drugs, there
are three fields describing whether the sub-
ject has been taking the kind of drug (Either
Y or N), how frequently they are taking that
(A floating number in times per week.), how
long they are taking the kind of drug on con-
tinuous basis (A floating number in years.).
Selected kind of drugs are:

o Sleeping drugs

e Drugs for headarch / painkillers
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Table 1. Subject statistics

Male Female

10-19 24 5
20-29 74 38
30-39 35 25
40-49 58 57
50-59 85 103
60-69 43 33
70-100 11 8

e Traditional Chinese medicine

e tranquilizers

6 Current status of the database

Up to now, we have successfully gathered
over 600 acceptably healthy brains among all
age group of Japanese, and construction of
the average brain is in progress.

The age/sex distribution shown in Table 1
is a little bit unbalanced. We are now trying
hard to fix the balance so that the statistical
error of standard brain is minimized.

We have simulated the situation which the
full-scale database will face to, and checked
the reaction time of search and image re-
trieval in the case of ATM-connection. The
data file is 256 x 256 x 124 voxels large and
each voxel has 16-bits (16252968 bytes). A
typical search condition for single image re-
trieval was entered to the web-based inter-
face from a ATM-connected client machine to
simulate a user’s action. The wallclock-time
consumed for completing the downloading is
measured and shown in the left hand side of
Table 2. We also measured the reaction time
for single media exchange by our robotics de-
vice and included it in the left hand side
of Table 2, which gives the worst case re-
action time for single image retrieval on the
system. We can conclude the performance
is enough for real-time image handling on
ATM-connected clients especially with com-
pression of the data files. However, access
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Table 2. Time for completing operations

Downloading Invoking

image

software
Searching 4.0 Sec. 4.0 Sec.
Media Switching 4.0 Sec. 4.0 Sec.
Transferring 33 Sec.

(12 Sec.*)

Starting software 4.0 Sec.
Sum. 37-41 Sec. 8-12 Sec.

(16-20 Sec.*) 8-12 Sec.
*: data compression by “gzip -9”.

to multiple images will cause another nega-
tive impact on the performance via switch-
ing of medium. We have deviced a novel way
to alleviate these problem (8 and introduced
a simulation result of performance improve-
ment.

As the first step of database construction,
we have extracted about 100 brain images
out of 600, and constructed a prototype database
environment with minimum functions on a
UNIX database server (DEC Station 4100
with 4CPUs) and a IBM-compatible type per-
sonal computer.

Following the above mentioned requirements
for the interfaces, we have been developing
two different prototypes each addresses dif-
ferent aspects of the requirement for inter-
face. The web-based interface (Figure 2) pro-
vides the basic level accessibility and usabil-
ity to the databasel®. It is connected to a
prototype database as the backend. The back-
end is based on the Informix IUS 9.12 RDBMS
working on a IBM-compatible type personal
computer as well as the web-browser working
as the interface. The search condition can
be given to any combination of the database
fields in the table-like interface. The web in-
terface can deal with logical combinations of
the search criterion by and/or selector in the
rightmost column of the table. Once some of
the images are selected, the user can specify
local directory into which the selected im-
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ages will be downloaded in a download dia-
log. Later, user may invoke any processing
tools on the client machine. ‘

The other interface we are developing is a
character-based one. Actually, it is a pro-
gramming environment on which users can
execute a kind of script languages, currently
an extension of the Perl5 %, Because this
is a kind of rapid-prototype, the key issue is
the simplicity. Hence, the backend database
is implemented on Perl5 as well as the in-
terface. The database tables are stored into
hash valuables of the Perl5. And, some of the
functions like user administration and secu-
rity issues are largely exploiting the UNIX
environment’s native functions. The system
is implemented on the DEC Station server,
which turns out to be fast enough to cover
the efficiency problem of the interpreter lan-
guage.

The main characteristics of the environ-
ment are,

o In general, object-oriented design is em-
ployed. By this, a modular design is
enabled, and future extension will be
easier.

e A search function by which users can
filter the images by any condition on
attributes of the images. This also pro-

vides full-text search on contents of string

type attribute fields.

e Result of the search function can be
substituted in Perl valuables. This en-
ables utilizing the result for adjusting
the condition of the next search. More-
over, it is very convenient to address a
group of images by the name of single
Perl array.

e A help function using full-text search

on a repository. By this function, character-

based interface can be even more user-
friendly than web-based one.

e An extended history function, which can
keep track of any file generated in the
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process of image handling and analyz-
ing, is under development. The effi-
ciency of development of image process-
ing on trial and error basis will be im-
proved because the trace of such a task
is automatically recorded.

e Since the environment is based on the
Perl5, various tasks on the database
can be executed by simple scripts which
are directly executed by the Perl5.

o Image processing tools can be invoked
directly from the environment. This
gives rise to further integrity of the databa:
image processing systems.

On such an interface, the user can imple-
ment rather complicated statistical operations.
For example, an algorithm of cluster analy-
sis of brain images may be implemented as a
script in combination with the image process-
ing tools, which can evaluate the similarity of
brain images given by the database.

The reaction time of this interface is also
measured and presented in the right hand
side of the Table 2. In this case, retrieved
image is not stored into the harddisk of the
client machine, but is directly loaded by the
image processing program to be presented
in the display of the client machine. It is
impressive that reaction time is largely im-
proved by this way of handling images.

7 Conclusion

Toward the future research of human brains,
construction of a large scale brain image databas
is on its way. To clarify problems of the
project, a prototype database was constructed
and its basic performance was measured. Also,
several issues on preferable interface of such
kind of database is discussed.
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Layers Sequences in the Materials with
Perovskite-Related Structures

Yuri Kotliarov!, Shuichi Iwatalt

tResearch into Artifacts, Center for Engineering, the University of Tokyo
ttInstitute of Inorganic Chemistry, Siberian Branch, Russian Academy of Sciences

A new approach to get a qualified view on large amounts of materials data
is proposed. Global understanding on the relations among chemical composition,
crystal structure and properties of materials on the basis of suitable classification
is a starting point of material design. The present work is focused on studying
the crystal structures and structural primitives as keys for materials design based
on crystallographic information, and a sequence of stacking 2-dimensional layers,
implying hidden regularities in the high temperature superconducting (HTSC) ma-
terials, is selected as an additional features to generic crystallographic information.

Prerequisites for using this approach, its limitations and possibilities for
database developments are discussed based on the analyses of data extracted from
Inorganic Crystal Structure Database (ICSD) . In addition, possible applications of
this method for classification and design of these interesting materials are proposed.

1 Introduction ing their common structural features and re-
lationships among various crystal structures.
Such a structural representation also serves
as a tool to devise strategies to scarch for
new compounds that may exhibit interesting
electronic and magnetic properties.

The four number classification scheme of
superconducting copper oxides with very close
relation to their layered structure has been
proposed by Shaked!!l. However, this ap-
proach, although gives us very convenient rep-
resentation of the material, can not adequately
describe its crystal structure.

Tokura with his colleagues!? has proposed
another classification method for layered cop-
per oxide compounds. Every HTSC com-
pound possesses alternately one-to-one stack
of CuOg-sheets and ”block layers”, or inter-
vening atomic layers which are composed of
metal ions (mostly alkaline earth and/or rear-
earth ions) and oxygen or halogens. All CuO,-
layered compounds are classified into the com-
bination of "block layers”. Moreover, the

The more we get the insight on the
semantics of material structures, the more
we can extract the rich properties from ma-
terials. And it is the first milestone to ex-
plore the new domains of materials in the
process of materials design. In this paper,
an approach to describe material structures
beyond traditional crystallographic and met-
allographic approaches is proposed to have
a new articulation on material structures by
taking advantage of fascinating high Tc su-
perconducting materials.

The presence of CuO, conduction sheets
is crucial for the presence of superconductiv-
ity in copper oxide compounds. Their over-
all structures are usually described as stacks
of 2-dimensional sheets and structural blocks
along the direction perpendicular to the sheets.
As all these compounds comprise similar struc-
tural units, describing their structures in a
coherent manner becomes useful for clarify-
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"block layers” sequence governs fundamen-
tal physical chemical properties of the com-
pounds, such as crystal structure (including
space group), Cu-O bond lengths and pre-
scriptions for doping by p and n type carri-
ers.

A convenient method of expressing the
(ideal) structure of superconducting copper
oxides by regarding them as combinations of
perovskite and rocksalt-type sheets has been
proposed by Santoro et al. in 1988, Al-
though perovskite-like and related commen-
surate structures (like rocksalt or fluorite)
were considered as layered and described as
stacking layers even before the HTSC dis-
covery their workl® was the first system-
atic analysis of layered structures of copper-
oxide superconductors from the viewpoint of
layer patterns and stoichiometry. Later the
development of this approach was continued
by the same authors®® and also in other
publications”8I%],

The present work at the first time con-
siders this approach as an advanced "data
mining” procedure to search for compounds
with similar but different crystal structure.
When we are going to find compounds with
closely related structures, such as homolo-
gous series members, solid solutions, deriva-
tive structures, etc., standard principles based
on space group theory cannot be very help-
ful. Disadvantage of such methods is that
even a minor change in the position of the
atom in a crystal structure can often reduce
its symmetry, leading to a new mathemati-
cal description and a ”new” crystal structure.
Instead of principles of symmetry, rearrange-
ment of atoms in crystal structure and struc-
tural primitives should be taken into account.
Following this idea, the analysis of layered
structures of copper-oxide compounds, with
huge amount of repre
sentatives, can be a good example for such
a procedure. In addition a special interest is
paid to their superconducting properties, and
this interest does not decrease during last
decade. This paper discusses the problem

-13-
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of automation of sequence of layers building
procedure [for ”data mining”, classification
and comparison of different structures, and
for other purposes.

2 Methods

In the present work widely famous Inor-
ganic Crystal Structure Database (ICSD) has
been used as a data sourcel!®], CD-ROM
version of the database contains about 37.5
thousands of entries of different inorganic struc-
tures.

Software programs have been written on C
language (ANSI standard) with the help of
SgInfo comprehensive collection of routines
for handling of crystallographic space groups!'?.

3 Basic definitions of the layers
approach '

The layered structure can be described in
different ways and at different levels of de-
tails. Pperovskite-like structures, despite of
the great variety, allow to descrbe them with
the help of small set of atomic networks per-
pendicular to (pseudo)-four fold axis”. The
layer composition may be expressed by the
chemical formula corresponding to the stoi-
chiometry of the layer, for example A, AX,
By, BX;, etc. For the sake of simplicity, gen-
erally atomic positions are redefined as A -
large size cation position, B - small or mid-
dle size cation position, X - anion position.
Subscript indices are shift of cell relatively
to coordinate origin with translation vector:
0=(0,0); c=(1/2,1/2); x=(1/2,0); y=(0,1/2).
Square brackets, using in some formulae, in-
dicate the layers that are enclosed in one unit
cell of the structure. This notation, which
is more close to Cava®, has been chosen be-
cause of its simplicity for automation. In
other works notations are a little bits differ-
ent. Furthermore, each pattern can be repre-
sented by a digital code. Although this code
does not describe atomic arrangement, it sig-



Figure 1a Schematic representation of crystal
structures of perovskite

nificantly simplifies the computer analysis of
the patterns.

For example, if we apply this symbolism to
the structure of perovskite CaTiO3 (Figure
la), we obtain the sequence [(BX3),(AX)],
where A=Ca, B=Ti and X=0; or simply -
lo5c(see Figure 2). The rocksalt structure,
the second main building block in cuprates,
is represented as sequence [(AX),(AX)c] or
505¢. For Y123 structure (Figure 1b) the se-
quence will be [(BX2)o(AX)sc(BX22)0(A),
(BX2)o(AX)(BX3),] or 1lobclo8clobelo. As
one can see, the perovskite block in Y123
phase can be identified ecasily with the help
of the sequence of layers. If necessary (for
example, for the analysis of formal electronic
state of elements in layers), letters A, B and
X can be replaced back by real symbols of
the elements, as [(TiO2),(CaO),| for the per-
ovskite structure.

4 Possibilities for automation of
layers sequence building pro-
cess and pattern matching

The procedure of automatic analysis of lay-
ers and building them into the sequences re-
quires the primary definition of limiting amount
of basic elements - layers patterns, which would
cover majority of possible copper-oxide struc-
tures. Here the common building principles
of such structures are considered in context
of the possibility of revealing basic structural
primitives and limiting their amounts.

The basic cell for such types of phases is
a planar network of CuQO, composition with
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Figure 1c Basic fragment of layered
perovskite-like structures Cu-O network

lattice parameters a~b=3.8~4.2 A 13 [ts
sche-matic representation is shown in Fig-
ure lc. At such short values of lattice pa-
rameters the number of possible cation-anion
cells, proportionate CuOy, is limited - only
nine topologically different patterns. The net-
works BX and (BX)’ are topologically identi-
cal, but differ by rotation by 90° in xy plane.

Figure 2 illustrates schematic representa-
tion of possible atomic networks for perovskite
related compounds.

Short interatomic distances (2.7-3.0 A),
approximately equal to a/v/2 ~ b/v/2, on
the other hand, seem to play a role of lower
limit of cation-cation or anion-anion bonds
(if compounds with chemical bonds of the
corresponding types are not taken into ac-
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B - small or middle cation position.

X - anion position.

Definition of atomic positions in current model:
A - large size cation position (usually radius rs>0.9 A)

* - existent types of layers

Shift from the origin (0):
- center (c),

- x axis direction (x),

- y axis direction (y)

Figure 2

Possible atomic networks for perovskite related compounds

A - large size cation position; B - small or middle cation position; X - anion position. * -

existent types of layers. Shift from the origin (0): c- center, x - x axis direction, y - y axis

direction.

count). On the other hand, it is approxi-
mately equal to the upper boundary of the

shortest lengths of cation-anion (metal-oxygen)

distances. Therefore, this number specifies
both the maximum distance between layers
(in copper-oxide HT'SC the maximum inter-
layer distance does not exceed 2.4 A7) and
certain limitations on their combination, pre-
venting from neighboring atomic networks,
identical by type and shift (with the same
subscript symbol). Similar steric reasons pre-
vent large cations from allocation in ByXs,
BX,, ByX, BX, By and X3 networks, that
uniquely determines X as oxygen or fluorine
and ionic radius B™ rp < 0.9 A. Some
variants of allocation of cations with differ-
ent charge in the networks cannot be real-
ized also because of limitations of electro-
static character (improper charge balance),
resulted from Pauling’s electrovalence rule'4.
Summarizing the above statements, practi-
cally all the possible combinations of consid-
ered networks could be defined in advance.
However, as will be shown later, most of them
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do not exist or very rate in practice (Table
1). It can be claimed that the layer formal-
ism considered with the data from Table 1,
allows complete automating of the process of
modeling perovskite-related structures.

However, the method of identifying indi-
vidual layer in perovskite-like superconduc-
tors is not obvious, in contrast to, for ex-
ample, the clearly expressed layered crystals
of the type of As,S3;, GeSe, and others. In
the latter compounds the bonding of atoms
within the layers has a covalent nature, and
the interaction between the layers is deter-
mined by van der Waals forces.

Developing the layer pattern matching we
need to solve the following problems.

+ Orthorhombic distortions. Different, ori-
entations of unit cell.

* Superstructure and modulation.
+ Complex anions, e.g. carbonate CO32~.

* Deviations of atomic positions from the
ideal model.

* Non-plain layers.
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Table 1 Possible variants of layers combination, satisfying the crystal chemical rules.
Each cell represents possible variants of shift (see Figure 2) of the column layer relatively to
row layer, that is in the origin. Revealed variants are shown in bold. O - origin; C - center; X

- X direction; Y - Y direction.

In the superconducting structures, copper-
oxide layers tend to be either planar or rel-
atively thin. Other layers such as LaO or
BaO are ordinarily much thicker, generally
to such an extent that it seems more rea-
sonable to consider the cations and oxygen
atoms as forming separate layers. This may
cause a situation that we cannot separate
each layer from others without a certain am-
biguity even if we have a layered structure
due to the possibility of intersection of lay-
ers. To show the real layered character of
cuprates structures, interatomic distances in
them along characteristic direction (axis c)
have been calculated, that will be described
later.

5 Developed programs

As a result of the present work, a set of
computer programs for data mining, building
crystal lattice and layer sequencing have been
developed:

I. Crystal Unit Cell Builder - program to
generate all atoms within unit cell from
the basic atomic position table. C rou-
tine library SgInfol'? has been used for
handling symmetry operation and tran-
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sition matrices. The program also checks,
whether new position located too close
to another position, that may be re-
sults of atomic deviations and partial
occupancy.

II. Layer Sequencer - program for creating
the sequence of layers in crystal struc-
ture and for 2-dimensional representa-
tion of layers in ASCII graphics. This
program is under development and the
present version treats only structures
with parameters a~b~3.8 A. It iso-
lates layers along axis with maximum
length and matches them with the pat-
terns given in advance. If the separa-
tion of layers or pattern recognition is
ambiguous, the program puts question
marks in the sequence and allows user
to make decision. |

II. ICSD to Table Converter - utility to con-
vert output data from ICSD database
to a tab delimited text file, which is
used to upload the data to database ta-
ble.

Reference Extraction - utility to ex-
tract reference information from ICSD
database and convert it to MedLine for-
mat which can be used by any reference
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Figure 3  Distribution of compounds extracted from ICSD by element composition

manager program.

6 Preliminary analysis of data
extracted from ICSD

A search query is started by identifying
chemical components on the basis of knowl-
edge about similarities in superconducting and
related cuprates:

(Cu and O) and (Ca or Sr or Ba) and (Y
or La or LAN or Hg or Tl or Pb or Bi)

As a result, with the help of build-in RE-
TREIVE v.2.0 software, 1333 cuprates have
been extracted from ICSD in this work.

To have a clear view and to show a big
picture of the using array of data, distribu-
tion analyses of elemental compositions and
structural properties have been done as shown
in Figures 3, 4 and 5. As it can be seen in Fig-
ure 3, close-packing principles in perovskite-
like compounds result in very limited set of
possible atoms in these structures. Last two
figures clearly show that there are not so
much varieties in the distribution of these
compounds by structural properties: orthorhom-
bic and tetragonal structures are dominant,
and only four space groups prevail. This is
due to the very strict limitations which CuO,
network imposes to the crystal structure of
these compounds.

As for the space group appearance, it is im-
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All compounds ' Cuprates
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Orthorhombic Orthorhombic

Figure 4  Crystal symmetry population
pattern for inorganic materials extracted
from ICSD.

T Others (20%)

P4/MMM

Figure 5  Distribution of cuprates by space
groups in copper oxides (totally 59 groups)



portant to bear in mind that the symmetry of
the system depends on the dimension of the
subgroup of translations, which may be equal
to the dimension of space, but can also be
less. In general case when there is a lowering
of the space dimension and of the dimension
of the translation subgroup, the symmetry
of the corresponding object will be described
by one of the groups, which have been sum-
marized by Zallen'®, According to him, lay-
ers are systems with two-dimensional trans-
lation symmetry and three-dimensional point
symmetry, and their space symmetry can be
described by one of the 80 three-dimensional
doubly periodic (layer) groups. In our case in
total only 59 space groups have been found,
and 80 % cases are described by 4 main groups:

Pmmm, P4/mmm, I4/mmm and Ammm. That

can be explained by additional limitations of
perovskite structure. Looking the big pic-
ture, it should be noted that the structures,
for which sequences of layers have been re-
solved, are described by only 10 space groups,
while above mentioned 4 space groups appear
in 98 % cases.

As it has been emphasized before, the above
structural layers are not ideally plain, but
they may have some thickness. In the con-
sidered case the interatomic distance means
a distance between two neighboring points,
produces by projection of atoms to c¢ axis
(z coordinates) as shown in Figure 1b. The
layer thickness in this context is a distance
between the minimum and the maximum z
coordinates of atoms of the same layer. The
interlayer distance in its turn is defined as a
distance between two neighboring layers, ex-
actly between the maximum z coordinate of
lower layer and the minimum z coordinate of
upper layer. Results of calculation are dis-
played in Figure 6.

On this histogram each column relates to
the number of those layers (in this case ideal
plain layers are considered) which fall into a
specific range of interatomic distances. It is
clear to see two separated areas on this graph
responsible for layers thickness and real in-
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terlayer distances. Thus, it can be concluded
that in the majority of cases there is no ambi-
guity to separate atoms into two-dimensional
layers by using this characteristic interatomic
distances.

7 Results of the layers sequence
building and their analysis

The first two programs described above have
been used to calculate the sequences of layers
for 1333 copper oxide compounds extracted
from ICSD. About 19 % (261) of the com-
pounds have been rejected because of large
lattice parameters (the cell reduction proce-
dure is not implemented yet), or imperfect
initial data (positions of some atoms have
not been defined), or high degree of disorder-
ing. The sequences of main representatives
of perovskite-related materials are shown in
Table 2.

Layers sequences are given in two-character
system, where the first digit represents a pat-
tern defined in advance, and the second char-
acter describes a shift of the pattern from the
origin position. More details have been given
in Figure 2.

Figure 7 shows the revealed layer patterns
and the number of extracted compounds, where
these patterns have been found. Pattern 1-
(BX2) (CuOy) is the basic building network,
determining the most common structural fea-
tures of superconducting and related copper
oxides. Pattern 5-(AX) (metal-oxygen) lay-
ers take place in building perovskite blocks
and play a very important role in the lo-
cal charge distribution as shown in the next
chapter. Layers 8-(A) (more often Y or Ca
atoms) is a separator of perovskite blocks.
Copper-oxygen chains, also playing an im-
portant role in the superconductivity in 123
phases, are represented by patterns 3 or 4.
Patterns 3 and 4 (BO) differ from the pat-
tern 1 (BO,) only by oxygen vacancies in one
of the edge and they together represent the
Cu-O layers. As one can see in Figure 7, at
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N Compound Layers sequence T, K
1 (La,Ba) ,CuO 1o 6¢ bo 1c bo b¢ 38
2 (Nd,Ce) ,CuO, 1o 8¢ 7c 80 1c 8o Tc 8¢ 24
3 (Nd,Ce,Sr) ,CuO 1o 8¢ 7c 8o 1c 50 be 35
4 YBa,Cu;0, 1o 8¢ 10 bc¢ 4o b¢ 92
[} YBa,Cu;04 1o 8c 1o b¢ 8o bc .
6 YBa,Cu,0O4 1o 6¢ 40 4x by 1x 8y 1x by 4x 4o b¢ 1o 8¢ 80
1 Y,Ba,Cu,0,, 1o 8c 1o bc 4o 4x by 1x 8y 1x by 8x by 96
1x 8y 1x by 4x 4o bc 1o 8¢ 1o 5c 8o b¢
8 TiBa,CuOg 1o bc bo B¢ .
9 T1Ba,CaCu,0, 10 8¢ 1o bc bo bc 40
10 TIiBa,Ca,Cu;0y 10 8c 1o 8c 1o 6c bo be 123
11 T1,Ba,CuO4 1o 6c 6o b¢ 5o 1c bo be bo 95
12 Tl,Ba,CaCu,04 1o 8¢ 1o b¢ 5o b¢ 6o 1c 8o 1c Ho be 5o be 118
13 Pb,Sr,YCuj304 1o 5c 6o 8¢ 5o 5c 1o 8¢ 70
14 HgBa,CaCu ;044 50 5¢ 1o 8¢ 1o 5c bo 134
Table 2 Layers sequences of representatives for main classes of perovskite-related materials

least one type of these layers presents in all
extracted compounds, that is the main com-
mon feature of copper-oxide perovskite re-
lated structures. Although the pattern 1’ (B)
geometrically is similar to 8 (A), it is more
closely related to the pattern 1, where all
oxygen positions are vacant. Such layers oc-
cur in tetragonal 123-Og related phases. The
another most commonly occurring pattern is
5 (AO), which represents metal-oxygen lay-
ers, where the metal usually is an alkaline
earth or transition element. Only 2 com-
pounds are found without such types of lay-
ers nonetheless they contain the combina-
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tion 809¢ (A),(O)., which is equivalent to 50
and arises from its too large distance between
metal and oxygen layers.

Copper-oxide superconducting structures are
mostly often described by 3-dimensional prim-
itives: perovskite and intermediate blocks,
and coordination polyhedra. They provide
convenient structural representations and also
play an important role in several theoreti-
cal models. At the same time layers have
close relations with 3D primitives. The lat-
ter can be casy obtained from sequences of
layers. Table 3 shows some examples of such
relation between layers and 3D primitives in
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10 classes with 56 classes with less than

less than 10 5 reprosentatives compounds do not have analogs with the same
representalives %5 (36 singlo) layer sequence. Several reasons can cause
7 classes with \\ y . 4 , '
less than 20 93 403 this situation:

123 - tetra
(6)

\

representatives

2212 (14) 22
123-06(6) 29

246 - 123 wishift (26) 29

* Very rare structure.

La2MCu206 (10) + Sequences have not been standardized.
12:2“(3 Structure may be equivalent, but shifted
La2Cu04 (6) relatively each other in some direction.

—— ~ %61 Unresaived For example, sequences 1o5clo8clobclol!),

) 1chole8olc5olce® and 8olc50lch01c80().

' Structure (2) shifted relatively (1) in
Figure 8  The most representative classes the layer plane to the center (x+1/2,
of extracted materials combined by their se- y+1/2); whereas sequence (3) shifted

in the direction perpendicular to the
layer plane. To eliminate separation of
these structures, a normalizing proce-
dure is necessary.

quences of layers. Number of representatives
is given in bold. For accentuated classes
number of layers per unit cell (the sequence

length) are shown in brackets. i )
* Layers separation due to large constituent

elements, as in case of 50=80+9c.

cuprate structures and emergences of several + Various kinds of errors in database. Un-
3D primitives in the extracted compounds. fortunately, as any man-made product,

All resulting sequences have been sorted ICSD is uninsured from some errors,
as character strings and 82 different classes although, all data go through serious
have been revealed. Diagram on Figure 8 procedure of quality check. However,
separates the most representative 10 classes for example, 5 of the extracted com-
(with more than 20 representatives), others pounds have interlayer distances more
are shown in the groups with less than 20, 10 than 5 A that seems to be impossible.
and 5 representatives. They are displayed in Figure 9 by cross

Among compounds in the last group 36 sign (x) and have been discarded from
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Sequence bobe bolcbo 8olcbo  8o0lc8o  b503(4)cbo  Bol?fcbo 1o8c(lo
fragments ‘ 8c).1l0
T B oo ]
[
Rocksalt Cu-0 Qo SpE30
3D shift Cu-0 square square u-0 Cu-p @/15 0
primitives octahedro pyramid, square chains alternate
n, defective chains Cu-0
Perovskit  perovskit layera
e block e
Number of |, 614 904 45 208 24 877
compounds .
Table 3 3D structural primitives as fragments of layers sequence.

the analysis. In several cases a wrongly
assigned space group or atomic coor-
dinates cause a distance between two
atoms to be significantly smaller than
the sum of their ionic radius. Thus the
proposed procedure can serve as an ad-
ditional tool for data quality control.

By the same reason as presented above pro-
grams are also imperfect and can result in an
error in some unusual situations. To elimi-
nate them wherever possible, sequences have
been analyzed by several criteria:

+ symmetry of layers relatively center of
sequence;

+ combinations of neighboring layers fol-
lowing Table 1 (revealed variants are
shown there in bold);

- average distances between layers calcu-
lated from ¢ parameter of unit cell and
number of layers per unit cell and com-
paring them with Figure 9.

Last criteria, average interlayer distance
d;, seems to be very important for describ-
ing and understanding similarities in layered
structures. Consequently, such an analysis
has been performed in a systematic way and
is discussed here.

To know the influence of the number of lay-
ers on unit cell size, the dependence between
parameter ¢ and number of layers per unit
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cell has been illustrated. (Actually the pa-
rameter c in this context does not mean the
lattice parameter c assigned in the database,
but the maximum axis, which represents the
direction of layers stacking.): The result is
shown in Figure 9. It proves a linear char-
acter of their relation for all analyzed struc-
tures. Data points can.be approximated by a
trend line y=1.95x at R-squared value R?=0.98
and under a condition of fixed intersection
of the origin of coordinates. (Under this ap-
proximation the thickness of layers is not taken
into account, thus at N;=0 c¢=0.) Coefficient
1.95 is nothing but the average interlayer dis-
tance D; in angstroms among all analyzing
compounds. The upper and lower boundary
assuming average interlayer distance (0.5
A are shown as dashed lines. The average in-
terlayer distance is obtained by another way,
by averaging ratio d;=c/N, for each compounds.
In this case D; equal to 1.96, that is very
close to previous result. These data also are
consistent with the results obtained by cal-
culation of interatomic distances in the di-
rection perpendicular to the layer plane, al-
though in that case the thickness of layers
has been taken into account.

As one of the most important topics on
these superconducting and related materials
is to find a guideline to improve such proper-
ties as Tc, Jc, He, it seems to be worthwhile
to test whether there is any correlation be-
tween structural parameters and critical tem-
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perature of superconducting transition Tc or
not. As a trial example, Tc via average in-
terlayer distance (c/N; ratio) are displayed in
Figure 10.

Lattice parameter ¢ via number of layers per unit cell in copper-oxide compounds

8 Search for compounds with
isomorphic structure

There is also a problem now to be able to

As has been emphasized before ICSD database state any structure as a model and search

does not contain any physical properties in-
cluding superconducting ones. The Tc data

have been obtained from papers cited in ICSD.

Therefore, these data has been obtained by
various techniques, on different samples, by
different researchers and in non-standardized
experiment conditions. Thus they can be
used in such study only with a great caution.

Unfortunately in this case even without
any mathematical treatment the lack of any
correlation between these properties can be
concluded. It implies we need additional pa-
rameters to find some correlation in another
direction or possibly in the aggregation with
other dimensions. Nevertheless the study of

such dependencies-and search for reliable struc-

tural parameters should be continued. Sev-
eral perspective-directions can be proposed.
For example, thickness of layers (both av-
erage and in specific layers), distances be-
tween characteristic layers, size of structural
blocks and so on. These and other features
are planned to be implemented in the future
versions of this developed software.
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for isomorphic structures. It is not a triv-
ial task. Similar structures may appear in
different space groups or with a different for-
mula making it difficult to prescreen. Re-
lation between isomorphic compounds often
can be missed without prior chemical knowl-
edge. On the other hand sometimes it is dif-
ficult to separate non-isomorphic structures
with similar elemental composition. For ex-
ample, lets consider 3 compounds from the
ICSD:

All of them have very complex elemental
compositions with element deficiency and sub-
stitution. Is it possible to find some rela-
tions between them without 3D representa-
tion? Somebody may find that elemental ra-
tio of these phases is very close to 123
(YBazCu3O4_5), compound 4 in Table 3:

1. PrBay(Cus.s3Al0.17)Og.55

2. (Cag.7oLiag.30) (BaLag.s6Cag.44)
[(Cug.95Zmng.05)2Cuo.78 | Op.52

3. (Yo.sscao.sa)Baz(H80.630u2.21)Oﬁ.s

However, layers sequences for these com-
pounds:’ '
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Critical temperature of superconducting transition via average interlayer distance

N Formula Space group a, A
1 BagPrCuz(Cugg3Alp.17)O6.55 P4/mmm 3.906
2 (CuggsZnoos)2(BaLlagssCagas) Pmmm 3.877
(Cag.70Liag.30) Cug .78 Og.52 )
3 (Yos3Caos3)BagHgoeaCuz21066 P4/mmm 3.87
1. 1o 5c 1o 8c lo 5¢ 1o scribed. Similar approach can be applied

2. 1o 5c 1o 8¢ 1o 5¢ 1o
3. 50 5¢ 1o 80 10 5¢ 50

give us more close answer. First two com-
pounds have identical sequences of layers and
belong to 123 class, whereas third one is Hg-
1212 phase.

It seems possible to conclude that this ap-
proach to description of layered compounds
is very useful for comparing structures to one
another, for analysis of their geometrical re-
lationship and for understanding the atomic
configuration of complex structures.

9 Conclusions

In this work the example of definition and
isolation of structural primitives for the case
of copper-oxide high temperature supercon-
ducting and related materials has been de-
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for other classes of materials by revealing off
their common structural features, structure
primitives and rules of their organization. As
was shown the layer-by-layer model help us
not only to retrieve useful information about
key elements in crystal structures of currently
known superconductors, but also to find rela-
tions between different structures even with
different structural types and space groups.
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Researchers of Information Sciences in
Japan and their Research Fields
Masaki NISHIZAWA, Yuan SUN, Masaharu
YANO

The research fields of informatics or computer-
related sciences are very wide. It is said that
Japan is far behind the United States in these
fields, but there are not many persuasive data
for it. In this paper, we give some statistical
comparisons between Japan and the United
States about the number of researchers, the
number of papers per fields, and so on. They
are done using ”Directory of Researchers”
Database by National Institute of Informat-
ics, and so on. Further, in order to investi-
gate the content of information sciences and
the validity of the classification of ”Direc-
tory of Researchers” Database, we compare
the declared research fields and the fields of
their research themes with the classification
by ”Handbook for Information Processing”
by Information Processing Society of Japan.
Also, we analyzed the relation of three re-
search fields declarved by each researcher.

Tendency analysis of article citations
in Japanese academic disciplines
Yasuhiro YAMASHITA, Masaki
NISHIZAWA, Yuan SUN, Masamitsu
NEGISHI

In recent years, research evaluation is becom-
ing one of the major topics of governmen-
tal science policy. Along with this trend,
citation analyseé attract great attention as
a tool for quantitative measure of quality of
research output. We report some results of
an analysis on the characteristics of citations
in academic disciplines, based on the ISI ci-
tation statistic database: National Citation
Report (NCR). This databasc contains bib-
liographies of articles written by authors af-

- 96 -

filiating to Japanese institutes from January
1981 to June 1997, with yearly citation counts.

First, we analyze frequency distributions
of citations by academic disciplines, and then
investigate changes of citation counts per ar-
ticle through the years after the publication.
Finally, we classify all disciplines into four
types by the two indices: number of papers
and cited times per article.

Some Trial for Making an Expanded
Paradigm of Information and
Knowledge Science

Shigezo Murakami

Abstract: We have new images of paradigm
based on Japanese culture and Asia civiliza-
tion. Upon these paradigm we are making
the tentative specification of ” Data Complex”
which is an expanded concept for Data Base.

Extraction of Hierarchical and
Associative Relationships among
Terms in Consideration of Exceptions
Takayuki Morimoto, Yuzuru Fujiwara

Information technologies are being developed
at unprecedented speed due to high perfor-
mance and inexpensive computers and Inter-
net have been widely available. The trans-
mission and utilization of information become
more diversified and borderless very rapidly.
However, users may not make good use of
huge amount of information by using conven-
tional computers whose major functions are
numerical calculation, symbol matching in
information retrieval and deduction. There-
fore, advanced utilization of contents of in-
formation is required gradually.
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Learning and thinking are worth a while
targets to such requirement and have been
widely studied without useful results thus far.
In order to realize machine learning and think-
ing, it is necessary to know meanings and
characteristics of terms and various relation-
ships among them, because technical terms
are the most convenient and powerful repre-
sentation medium of abstract concepts. There-
fore, the methods of constructing organized
knowledge resources are based on extracting
semantic relationships among terms. How-
ever, there are exceptional terms which may
not be bypassed in natural languages. In this
paper, we report the method of extracting
hierarchical and associative relationships in-
cluding such exceptions.

New approach to the Wuster’s four
field term model as a model of
systematizatio and creation of
knowledges

Yutaka Okaya

This paper tries to investigate the Wuster’s
four field term model from the viewpoint of
systematization and creation of knowledges.
1. The four field term model is effective both
in systematization of knowledge, for example
cont rolling of synonym and also in creation
of knowledge, for example metaphor

2. The table of concepts is effective in ex-
plaining the network of concepts.

3. Some discussions about concept and fur-
ther proposal, ie. constructing a creativity
assisting system are presented.

A Fundamental Study on the
Information Modelling of
Multidisciplinary Objects
Jyunki YAEGASHI The Faculty of
Information, SHIZUOKA Univ.

Despite a rapid growth of the social inter-
est in information and related technologies,
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Japan falls far behind countries in construct-
ing the social information infurastructure such
as databases. Vast majyority of objects with
educational, academic, and/or cultural im-
portance are left unexplored. This study ales
to establish a basis for the analysis and mod-
cling of information conveyed in these pre-
viously unexplored multidsciplinary objects,
and to systematically transform it into a so-
cial information resource. We demonstrate
the feasibility of systematic modeling of these
objects. Our approach here is based on the
modeling of information activity as a com-
munication activity, and objects concerned
as the media for this activity, thereby reveal-
ing the characteristics of interdisciplinary in-
formation activities.

An application of XML for the
microbial biological information
Satoru MITAZAKI , Kohji TAKAHASHI ,
Hideaki SUGAWARA

Thanks to the genome projects and the re-

search for the bio-diversity, we can find a

great amount of biological information in Web
servers. Thus it is very useful for us to set

up a common mechanism to retrieve and ex-

change biological information worldwide. One
of the most fundamental parts of the infor-

mation sharing is to design the extensible for-

mat for the target data in diverse domains of
biology. We propose a format by use of XML

for the description of the microbial biological

information such as bio-chemical characteris-

tics, DNA sequences and their annotations.

Search and Management Technology
for Large Number of 2D Images
Hironobu Morikawa, , Naoki Imai , Akinori
Nokami , Takehiko Tanaka , Masaru
Nakagawa , Wakayama University

We developed a system which enables users
to register a large number of 2D images effi-
ciently and to retrieve the image which matches
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his or her wish. In this system, the user
can register, modify and delete the image
data together with attributes through a Web
browser, since CGI programs which the Web
server executes access the image database.
An experimental result shows that this method
reduced the registration time to about 1/7
against the traditional way of user’s inputting
SQL sentences. For image retricval, we at-
tempted to construct the category structure
according to which the image data are classi-
fied. Furthermore we developed experimen-
tally a retrieval system for images of tray
(or "Bon”) and nests of boxes (or ”Jubako”),
and verified that the user can retrieve the ex-
pected images easily. We also use the func-
tion of similar image retrieval to detect the
duplicate image registration, and to help the
more detailed image retrieval.

Question-Clusters-Based Database Its
concept and applications
Schu Hirata

Burst of information in quantity has brought
a paradox that people have more difficulties
to find out necessary information. For the so-
lution, many studies on the information re-
trieval have been conducted and not a few
tools for searching have been developed. But
many have experiences that they could hardly
pin-point particular information they required.
This paper, however, does not propose a new
retrieval technology. We have observed that
most of non-specialists, particularly Japanese
are not well-aware of their problems they want
to solve, more precisely, they can not fully
define what they want to know. It will be
useful if databases are provided with a struc-
ture quite différent from the existing ones
searched by use of key words. We called
the new type database as ” question-clusters-
based database”.

Empirical examination on
performance of some statistical
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methods for Japanese text retrieval by
using large test collection

Kazuaki KISHIDA -

The paper reports some findings from an em-

pirical study on comparison of retrieval per-

formance between some statistical methods:

vector space and probabilistic models. A large
Japanese text test collection provided by the

NACSIS was used, which consists of about

330,000 records of scientific proceedings. Each
statistical method was testified using three

kinds of indexing techniques for Japanese text:
(1) longest matching against entries in a dic-

tionary, (2) tokenizing by change of kind of

characters, (3) a simple bi-gram method. Al-

most no statistically significant difference among
the methods was observed, but it seems that
probabilistic method based on logistic regres-
sion model indicates relatively better perfor-
mance than other methods.

Building a Browsing System of
Metadata

Tetsuo Sakaguchi . Kyoko Shimada , Kana,
Numajiri , Koichi Tabata

The Library of the University of Library and
Information Science launched its digital li-
brary service (ULIS-DL) in February 1999.
The major functions of ULIS-DL are to build
and provide a collection of metadata of net-
work resources for libraries and library and
information science. This paper describes
building a browsing system of metadata. The
system provides a list of words included in
the metadata. Users choose one or two words
from the list and get a subset of the metadata.
which include the words. It also provides a
list of the creator element of the metadata
and a list of Japanese noun phrase which in-
cludes chosen word. Users easily get meta-
data for accessing network resources with this
system. The system is available on the Inter-
net.
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J-STAGE: Electronic Journal
Publication/Dissemination Center:
Total system for electronic journal
publication and distribution via the
Internet

Yukitaka Matsubara

J-STAGE (Japanese Science Technology In-
formation Aggregator, Electronic) is an inte-
grated system which aim to support submis-
sion of manuscripts, peer-reviewing, compo-
sition and dissemination of electronic jour-
nals. J-STAGE is so designed that is freely
accessible by participating academic societies
or printers via the Internet, and is available
24 hours/365 days. Electronic data is cap-
tured in SGML format. J-STAGE provides
definition and converter. All transactions in-
cluding submitting manuscripts, downloding,
them for review, inputting review result, and
checking review status are done via the web
interface. Citations are rinked to external
databases and/or electronic journals. Elec-
tronic journal data thus created are brows-
able and searchable via the Internet. J-STAGE
also supports production of abstracts for meet-

ing.

XML-based Electronic Publishing of
Chemical Article’s Multilingual
Full-text Database

Ying li , Hidehiro Ishizuka

In an electronic publishing field, attention
is being focused on XML. We constructed
chemical article’s multilingual (Japanese, Chi-
nese and English) full-text database based on
XML, and distributed it in the Web. The
On-line Journal XML-DTD of NII (National
Institute of Information) is adopted as the
DTD of the database. Unicode is used as an
encoding character code to represent those
languages. To display the database in Mi-
crosoft Internet Explorer (IE) 5.0, the data
of the standard style sheets for XML (i.e.
CSS and XSL) are added to the XML docu-
ment. Applying VB Script and DOM, the
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elements selected by a user, such as title,
author, abstract, bibliography, are extracted
from the full-text database, and displayed in
IE 5.0. Finally, we discussed the problems
related with Unicode, expression of chemical
formula, as well as schema.

The Influence on the Commercial
Publishing Business By the Internet
Takushi Fukami ( Toppan Printing Co.,
Ltd.)

In this paper I described The Influence on
the Commercial Publishing Business by In-
ternet Technology in Japan. Specifically the
business structure , the process of the pub-
lishing and the distribution channels in an
ever-changing environment. The revolution
of business process reengineering has occurred
and is developing at a very high speed in
most business fields. Then I described the
problems of the distribution of digital con-
tents such as the publishing contents via the
internet.

There are two main problems with the dis-
tribution of digital contents via the internet.
One is the display of the information. The
other is the payment of fees. As of now we
can’t get the information from the display
unit such as we can from paper. Also the
publisher can’t receive the fee from the con-
sumer who can get the information from the
internet, due to a luck of safety mechanisms.
There is now no system to ensure the safety
of the payment, nor is it user-friendly.

The Impact of Commercialization on
Scholarly Communication
Kotaro Nawa

Understanding for ’authorship’ in scholarly
communication is inconsistent with that for
"authors’ right’ in copyright law. The incon-
sistency has become actual under the com-
mercialization of scholarly publishing.
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BB, YYRTY BT B EHH R http://clicks.to/sigfi2001/ I#Bild 5. Fim, v
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RIERE

% 1R (1 EHK)1990 45 3 A
552 R (W EHK)1995 47 H
5 3R (1 EHR)1998 4 3 A

THHANTRES T, SGML(Standard Generalized Markup Language) (233 < %
s OmmE « TROEBEER L TWET, SGML i ISO Kk 8879 £ 7= JIS #i
t X4151 T, BT —H = ZEK - R - RBOBHF & LT, BFHRET 2
, w=a 7R EHIFCHEBEIC b b TE&E L, BT, Ebitxy b
U—y LkTnavhvy b mo V=T Y P LETFIEREIE T, CHEFBROMR
# - TR ORBAN & UCERMICE R L2 Y £7,

1. REBOREER

ARESFICRTTR 2R 21218, RAlE LTAERRE (MARR) KRS, 2L, #&
AN 2 AL LOWROBFEIIL, PR BEDI L IARTAERRA (MARR) THhEZ
(E i)i‘L\Z\gVC‘W‘J_o

2. REBDIEE

AL (FREERC). KB, MBI 3D 0 o BRI IS BRI & KRR & 3 0 £, TR
IEEAFEE 2GR THE VT I, EBITAESOMNRE L T5Z & THIERHICRE LE
WA,

3. BB LRE

AN OB IMEZRARTREL, FHICHMLET, F/o, NFOHEELZRDDLZ Lbd
DET, MU DOFERIZ OV TIEETOME, REOZH Y 0T g Lo A0 IEIE % B
WTBHIERHY FET,

4. [RFOWK

R (P L 80), HH# 4 (SRR & E3CRTL) . FHAFTR (FnsCRie & 3e30k7e). HA9 (i
L), A (FICEIATIE) R Y A by HL # B L,

5 RBOER

FfDIH, TEAMBEIOE - RiL35 AV F 72y~ 1 22 (1.44MB 2HD OH) &
ZOMFEHD 2. 5 b 1EFETEM) T, KRRITH(2H) TRBHL TS,
T XA MG OXHIEL, TROBRIZRY 9, WIhoBRIZBWTHLXXFa— Nk
SIS IZIRY F4,
(a) ASCII BIRX 2= FAMifiA & T % Plain Text
(b) Rich Text Format(MS Word, WordPerfect Ciifl &h T\ 5 EK)
(c) Plain Text format(V w5 Hifili/a7 % 2 b 7 7 A )VIEX)
ALY 7 Ny =T7hR78ny =T 4 A7 RETDOHND LI RREB LTI IZEN,

Vol.7, No.2 1 & INTRX THidk « FIRIL TV £9, Thizpn, AEMBBOLEE L2 FE L

TRY ETOT, BMHFORMBBRICOVWTHETROYFERDR— L= TR IES N,
FEHANGNES HP  http://angelos.ed6.info.kanagawa-u.ac.jp/jsik/main.html
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6. REBDENT
6.1 ETEICDEITEEORER
R LER L OXRD THRTOTHRL T &N,

R, EEAL, TR, M%(:ﬂ&mwfhwa&%imﬁﬁ)
« AR (FNSCE 72 B), BEX, K- K

U EOARFRIZMZ TEDaL— 1

CEH LA OEGE (BEsE%, BAEES, FAX 5, e-mail 7 F LX)

6.2 [REEDEAT

FRFREBERTIT < TR TUTREY < EEW, B MFImiEaE B
ER) eBRLTIEZN,

T 259-1293 YR TT 1-/2 2946

IR R BEAER 55 BORE 22T

ik B

TEL: 0463-59-4111, FAX.: 0463-58-9684

E-mail: gotoh@info.kanagawa-u.ac.jp

&bl T @mme&atv#xh774w§emmnrtaw7buz($ HREEAR)
FETISFETIZEHEY <&,

TR (Fnse, 2630), MEZE (Fa3r. 3EX0)
EEH (1 4) DKL, Email 7 FLAR
FTRMEE, A, BRI O{ERT EREER S FAX &5

7. EEHE
TR E L TARERICFET Db DL LET, BHEHENMLOMEEC H 25470 8T,
AFELICRHRTDZ ENREARSEACEIHE T b Y F9, KESFEICERI -

NERE=ZFDEEHELRET D LR’ Sh, BAELEIZHEICE, YEERTO
BEEZAS LRV ET.
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GPAENRS SIS FRAR
PP PR ETISER A D HE D JHLAR D 2 [ER D & 1Y G4 (2000 457 F 31 FBAE, SCHme, IERIA),
=R BIEAN) :

7T — T (BF) BTSSR, EFPRMEFETIITR, (M) BAREREHE v & — R
ELE (31A)

HR R (EISCAMEEIIGT) . AT (KAIST (MRS

TERCEL (W) DRRMGS). BRI (1K) B AR HHFHIE)

KM (SRR EMBIR) . 75 BT (GMD BURIRESHT 1 4 % R s =5)

FIIEE (KK, PSR e YT 4 — (BRERKEE)

B (e F2AREE) . 40 (HETRVASE) . SUFCE (7 =7 7 A 1 (1K)

KASET (KELTFREE), FBNIM (REAS).  HIFEA GIURIRKE)

HOR (Vv —7 (). RRE(UBKY).,  BHSET (LKEEKY)

WA (MRS, T (RRERASE) . EL R () A SZER E % R)

SR LT (BRI A KSE) . WS (RESSEIVESIR) . FRILESE, 7)1, RRAGIES

ST RS (IRIS WHHEERFSERN), SR LA, B, BHEERE,  Semat, Vv

TERANEFRE& 8 (2000 £ 7 A 31 BIRTE)

S WREDE  JUTKYE AEEIR

Rl&aE R MR B
MUFAE  BEUSTEAKRE BUR
WRES  ESCHFHEEIEeT i

B FRE ASCEUERTR  EEDFER Ak JuNKREE #dR
REHEDL | BT BUR i =t AAfEY S 2
FHMBIL . T P— A Fa— LR

ERE - BORBELRLREE G T MRIIRY R

B C— KB AREDRIERBH 36 5 = ANUIRK  ESIHFREAIIERT R
HWRBY  [ESCEREIERT BdR EMEA HERYE #iR
HAE—  EMRTEORE RIEE ORRAF RS

il DT T A Iy AWEET B

)6 FoRILER S B RWURA R B

KFE AARFRE Bk HRVNKRE BHIRE B
Wih=—  WRRY #iR YA IT BEVIEHT ik

TERAESL REDRIG SRR RIS BUREERKE 802
kMg ESCEURERHE BdR IWARBIL IRERE #d2

Bl RFERKAS BR A AR EWFSEET WECE)
ARBMK xAnbh ik (T35 E)

BRI T S HBIRA (1435 A, 200047 A 31 RRFE)

TSRS SENPEYE SR I B LR

K FAEDAE B RIS 3 )

SRR BRI A R

AR W) =5 LA 4 7 MR

(i) R AEIRIEA 2 ST IN

AAY—Y X BHSEER WPFrU Y7 by =T IRT MY
TR QW SETT 71 R (T IE)
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