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The present status of scientific and technological factual databases is reviewed. The number of source information
which should be entered into a materials database is very large, therefore the databases must be optimally structured in
records and files As an example, the structure of JICST TH (the Japan Information Center of Science and Technology
Thermophysical and Thermochemical Property Database) is presented. Discussion is made on characteristics of data
items, validation of materials databases, the present status and future aspect of delivery and database systems.
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1. Present Status of Scientific and Technologi-
cal Factual Database Building

Well known bibliographic databases such CA
(Chemical Abstracts) Search, MEDLARS (MEDical
Literature Analysis and Retrieval System) and IN-
SPEC (INformation Service in Physics, Electrotech-
nology and Control) are designated as reference
database ’, because they provide orientations to the
source documents. On the other hand, factual data-
bases allow us to access directly to the source infor-
mation that represents ¢ fact ’.

Among some attempts? for classification of the
types of databases, it seems very relevant at present to
use the classification by Cuadra,? as shown in Fig. 1.
The available scientific and technological factual data-
bases amount nearly three hundred in the world.3™®
They can be classified into numeric, numeric-textual,
full-text, graphic or image, and sound according to
their data form. About a half of the databases can
supply numerical data through on-line access.

For development of new materials, various data are
necessary for material design. Accompanied by the
extension of needs and importance of materials in-
formation systems, a variety of materials databases
have been constructed as factual databases for mate-
rial design and-manufacturing.8-19

Representative materials databases are summarized
in Table 1.1 Material types covered by these mate-
rials databases are metals, refractories, superalloys,
ceramics, glasses, composites, inorganic and organic
compounds, plastics, semiconductors, woods, and
others. These databases provide the information on
materials properties such as mechanical properties,
chemical properties, thermal, electrical-electronic,
and other physical properties, corrosion-oxidation,
and processability.

Table 2 shows detailed information of these data-
bases such as the contents of data, producer, distribu-
tion system and full name of each database.
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Since each materials database has a complicated
data structure and specific search functions, construc-
tion of a database needs much money and manpower
and expertise of skilled researchers. Therefore many
of these databases are constructed by governmental
organizations or national research institutes, some-
times by their cooperation, in financial support of
national funds.!?

In addition, a great deal of effort is necessary for
compilation and evaluation of different types and
levels of data which are diversified widely. There-
fore it has been recognized that interlinking of
databases in various organizations, international
cooperation and standardization are very important
for establishing and distributing databases.!®® In
fact, many projects started through the conferences:
“ Workshop on Computerized Materials Data Sys-
tems > at Fairfield Glade, Tennessee, USA in 1982.20)
“ GEC Workshop on Material Data Banks ”’ in 1984
at JRCG (Joint Research Center) Petten,?) CODATA
(COmmittee on DATA for science and technology)
International Conferences, (9th (1984) at Jerusa-

r— Bibliographic
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Fig. 1. A classification of databases suggested in a directory
of on-line databases.? - -
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Table 1. Representative materials databases.

Materials
Properties . )
P Chemical Metals Plastics Semiconductors Oth
substances and Alloys and Woods and Ceramics ers
CASONLINE, CORROSION (CORROSION) (CORROSION)
Chemical RNSS, SANSS,
properties MERCK INDEX,
JICST DC
DIPPR, F*A*C*T*, THERMO-CALC, POLY-PROBE, EMIS,
Physical JANAF, ICSD, THERDAS, (DETER) DETER,
properties CSD, THERMO, STEEL-FACTS, oo
JICST TH* CRYSTMET, (MDF/1)
MDF/1,ZLC, ERIS
Mechanical BOLTS, CDC,
properties T DTDATA, PVS, oo T
CUTDATA
MSSS, WMSSS
Spectra CNMR, ID-IR,
IRSS,
SDBS
RTECS, CASIS, POLYMAT, EMBL-GDB,
Others DATA-BANK, MATERIALS SELECTOR, (ERIS) GENBANK,
GENETYX, CAPRICORNIA T NBRF-PDB,
THE PRESTICIDE PRF-SEQDB

( )represents repeated appearance.

lem,? 10th (1986) at Ottawa,?2t) and 11th (1988)
at Karlsruhe®) and “ CODATA work shop on Ma-
terials Data Systems for Engineering > in 1985 at
Schluchsee.26)

In the USA, NIST (National Institute of Stan-
dards and Technology), formerly NBS (National Bu-
reau of Standards), and DOE (Department of Energy)
started a cooperating project of MIST (Materials
Information for Science and Technology) in 1983 for
the purpose of evaluating of a computer network of
materials databases using a gateway system.?”) Based
upon this technology, National Materials Property
Data Network, Inc. was established, and an experi-
mental MPD (Materials Property Data) network is
now in operation.?2 Committee ASTM E-49 is de-
voted to the standardization of databases.0-82)

In Europe, CEC (the Commission of the European
Communities) JRC at Petten and Ispra began to
build the HTM-DB (High Temperature Materials
Databank).?®) Similar projects are under way in
several countries in EC.3 To interconnect these
European hosts, CEC developed a European Host
Network (EHN) in a five-year  Program for the De-
velopment of the Specialized Information Market in
Europe ** (1984-88). One of the priority area of the
program is factual materials data banks. The Mate-
rials Data Banks Demonstrator program is also on
progress.

In Japan, some organizations take part in several
international cooperative projects.®® STN (the Sci-
entific and Technical Information Network) Inter-
national is operated by three database producers of
JICST (the Japan Information Center of Science
and Technology), CAS (Chemical Abstracts Service)
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in the USA and FIZ (Fach Informations Zentrum)
Karlsruhe in the Federal Republic of Germany,3)
and links each center through international dedicated
telecommunication lines. Searchers can access any
of the databases stored at the service centers, using a
common command language, through the nearest
STN service center. In ‘ Versailles Project for Ad-
vanced Materials and Standards’ (VAMAS) agreed
on at Versailles Summit in 1982, Japanese organiza-
tions are also actively participating.’” In Technical
Working Area ‘ Materials Data Banks’, JICST,
National Research Institute for Metals (NRIM),
Governmental Research Institute, Nagoya (GRIN)
and National Chemical Laboratory for Industry
(NCLI) are conducting joint research.

2. Design of Materials Databases

Original source data for inclusion in materials data-
bases have many items, and they often are repre-
sented in complicated data structure such as vector,
hierarchy or network. In construction of a database,
these source data items are structured to a record
which is the information unit of a datafile. Data
structure of the record is designed to conform with
the purpose of their use, for instance on-line search
or data transfer in tapes.

2.1.  Dala Items and Structuring of Records and Files

Typical data items of materials databases are pre-
sented in Table 3. Each data item is correlated with
the other items, so it is necessary to select an appro-
priate database structure among simple linear struc-
ture, multi dimensional relgtiq'r.lal structure, and net-
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Table 3. Main data items of data in materials databases.

Materials
Chemical Metals Plastics Semiconductors
substances and Alloys and Woods and Ceramics
Compound code, Material type, Common name, Common name,
Material Common name, Code (ASTM, AIS], JIS), Formula, Composition,
identifier Chemical name, Common name, Composition, Producer
Molecular formula, Composition Commercial name,
Composition Species
Molecular structure, Mechanical property, Physical property, Electrical property,
Property Physical property, Corrosion data, Mechanical property, Processability,
data Spectra Machinability, Thermal property, Strength,
Physical property, Electrical property, Mechanical property
Processsability, Processability
Phase diagram
Compound class, Heat attribute, Primer, Processing,
Auxiliary Synthesis, History, Mixing ratio, Measuring method,
information | Sample, Testing condition, Producer, Phase diagram,
Measurement condition Sample form, Processing, Photographs
Welding, Testing condition,
Sampling location Sampling,
Comments
Journal: name; issue Journal: name; issue Journal: name; issue Journal: name; issue
Reference (volume, number), (volume, number), (volume, number), (volume, number),
information | Publication year, Publication year, Publication year, Publication year,
Author, Author, Author, Author,
Organization, Organization, Organization, Organization,
Title of document Title of document Title of document Title of document

work structure.

Spectrum databases (MSSS, IRSS, efc.) and chemi-
cal substance databases (CAS ONLINE, RNSS, etc.)
presented in Table 1 have relatively simple data
structures, but databases for physical properties
(DIPPR, FACT, etc.) and mechanical properties
(MDF/1, ZLGC, etc.) have complex data structures
corresponding to the relations within each data items.

As an example for deeper understanding on data
items and structuring of records to data files, JIGST
TH (Thermophysical and Thermochemical Property
Database, indicated by * in Tables 1 and 2) will be
presented. 3839

The outline of data items of JICGST TH is shown
in Table 4. Material identifiers are chemical name,
common name, molecular formula, element species,
molecular weight, substance code and so on. The
data items of property data are numerical values of
sixty types of material properties {¢.g., density, sound
velocity) with their units and variables in measure-
ment (temperature and pressure). The data items
qualifying the values such as the physical state and
error in measurement may be added. In addition,
thirteen data items concerned with reference infor-
mation are included.

Since over one hundred data items of JICGST TH
have a complex hierarchy structure, the data file is
divided into three subfiles in order to simplify and
shorten the record format. The outline of record and
file structure in the search system are presented in
Fig. 2.3 One of three subfiles is a substance file (S
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file) which includes the CAS registry number, sub-
stance name, molecular formula and other informa-
tion associated with the substances. The second sub-
file is a property file (D file) containing the type of
property, the type and numerical value of property,
type and value of parameters, the composition of sub-
stance, and others. The third subfile is a reference
file (B file) including bibliographic information such
as the journal name, author name, title of document
and others.

Three subfiles are linked together by unique record
key items indicating the substance number (between
S and D file) and bibliographic identifier (between D
and B file) assigned at data entry. Accordingly, the
record of the total data file are structured as shown
in Fig. 2. Processing for search and display is car-
ried out with each record as a processing unit.

2.2. Database Architecture

The materials database must store a large number
of data items which represent both property data and
various auxiliary information, therefore a unit record
should be very large.

In Fig. 3, principal two techniques for structuring
a file and record are presented. In the case 1, source
data record for one material species is structured to
one logical record, and the total of logical records is
compiled to one master file to be the base for search
file. Logical records are divided into some physical
records to make an inverted file (index file) for search.
Each physical record can be regjructured into a logical
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Table 4. Data items in JICST TH database.

No. Data Item Subfile* Cgf&’;‘;l; d Display
1 | STARS No. S SN O
| 2 | Alternative STARS No. S --- ]
% | 3 | CASRegistry No. S O
:‘i 4 | Preferable CAS Registry No. S .- O
E 5 | Supplementary CAS Registry No. S .- O
% 6 | Chemical Substance Name: STARS Name S O
§ 7 | Chemical Substance Name: CA Index Name S NM O
E 8 | Chemical Substance Namc: Synonym S O
a 9 | Chemical Substance Name Fragment S FR X
& | 10 | Molccular Formula S MF O
A | 11 | Number of atoms of each element S EL X
12 | Number of Elemental Species S NEL X
13 | Molecular Weight S MW Q
14 | Mixture Name D .- @]
g 15 | Number of Components D CNO X
% | 16 | Constituents D SYS O
= | 17 | Composition D - O
18 | Composition Variables D --- @]
19 | Property: Type D same as the ()
% 20 | Property: Numerical Value D code of related Q
% 21 | Parameter: Numerical Value D E;Faﬁétgn or (f)
A | 22 | Property: Equation D @]
23 | Applicable Range of Equation D @]
24 | Physical State D STATE O
25 | Pressure State D PRESS )
5 | 26 | Feature of Sample D .- &
S |7 Atmosphere D .- @]
g 28 | Measurement Method and Instrument D --- (]
5 | 29 | ErrorInformation D .- O
E’ 30 | Errorin Coefficients of Equation D --- 9]
i | 81 | Deviation of experimental data D “e- O
& | 32 | DataType D GRADE O
33 | Dateof Evaluation D .- @}
34 | Abstracter D .-- @]
35 | Bibliographic No. D,B CN Q
36 | Document Title (English) B .-- @]
o | 87 | Document Title (Japanese) B --- O
% 38 | Language B LN Q
E |39 | Author B AU O
€ | 40 | Author Affiliation B AA O
'S | 41 | Author Affiliation: Nation B NA 1o
"§4 42 | Document Type B --- 0
gn 43 | Document ID (Identification) B S0O O
% | 44 | Document Name B DS ]
& | 45 | Date of Publication B PD O
46 | Publication: Volume, Number, and Pages B .- ]
47 | Publisher B - O

* Subfile S represents the substance, D the property, and B the reference subfile (shown in Fig. 2)
storing the information relevant to the data item.

record by a head directory as a linkage key.

The benefits of this technique (case 1) are the sim-
ple record and file structure. However difficulties
arise in inclusion of all the information into a logical
record.

The case 2 represents the same structure as JIGST
TH shown in Fig. 2. Source data items of a data
category (for example, material identifier) are struc-
tured to one logical record and some of these logical
records can be edited into a subfile. When some
subfiles are prepared, records of a given material in

different subfiles can be linked by a unique key. The
unique key is A00Ol for a material and B0001 for
another material as shown in Fig. 3.

Although file construction is complex in this case,
this technique has the advantage that the entry of
common auxiliary information can be saved for the
materials in the master file.

2.3.  Materials Databases Validation and Data Processing

Materials database must be validated when the
following information is sufficiernitty®™included in the
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m

Subfile (S) Subfile (D) Subfile (B)
substance name, property reference
formula, etc. substance identifier data reference number information

i | NS Ll L] 1 | |
| =
l [ \\\1 [ 1 (— ]
: N = - g N |
: ™~ 1 I// :
. N 1] :
: - 1] :
' - relational data for two component mixture +» -+« - .
1 T ! I
e
/ -
| I ] :

| one record unit

Fig. 2. Structure of records and files in JICST TH database.

CASE 1

Source data file I record ID l material code lname | ::' record ID I data | unit |::_l record ID | reference ‘ data |
Master file [record ID ! material code Iname[::l data | unit ‘::I refervence[ data ’

CASE 2 —— -

record ID | material code-1|name
Source data file --

record ID | data-1| unit

record ID | reference | data-1

record ID | material code-2 | name

record ID | data-2 | unit

record ID | reference | data-2

T T R
(

Subfile-1 directory | material code-1 [ name

(substance file) | girectory | material code-2 | name
y R

Master file Subfile-2 directory | A0001 | data-1 | unit _"_:

(data file) directory | B0001 | data-2 | unit
v _

Subfile-3 directory | A0001 | reference data-1 -—L

(reference file) directory | B0001 | reference data-2 - J‘

Fig. 3. Record and file structure in JICST TH database.

databases and is standardized: material specifications
such as the material name, chemical composition, and
production method, as well as material properties
such as numerical data, unit, test method and mea-
suring parameters.

The most important problem is the procedure to
collect reliable numerical data and maintain their
quality. Collection of numerical data from various
data sources such as handbooks, data books and docu-
ments leads to different description of data. Con-
sideration should be taken into for processing of sig-
nificant digit of numerical data, unit conversion and
various search functions.

In addition, reliability of numerical data is esti-
mated by whether data were evaluated in advance
and by whom were described.

Materials databases should contain highly reliable
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data, but because of large costs and efforts needed for
preparing reliable data, a very few data is reliable at
present. If these databases can supply high quality
data in future, it is believed that the user access will
significantly increase.

2.4.  Retrieval System

Data types of materials databases are represented
in simple textual data, numerical data, tables of data,
or graphs. Textual data of character mode such as
material names, key words, and author names are
searchable with full-spelling, right-truncation, and
string search techniques. Numerical data can be
searched with range searching, above, below, or with-
in the limits specified, to be Boolean searchable.
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3. Distribution of Materials Databases

Distribution systems of materials databases are
changing with development of computer and com-
munication technology as well as storage media. One
of the most useful distribution media is the on-line
database system that enables distant users to search,
retrieve and display the desired data with a micro-
computer, phone-line and CRT terminal.

The system contains a computer hardware for in-
formation processing, database management system,
communication and networking system for the dis-
tribution of databases.

Only a few systems provides graphical output of
numerical data or display of pictorial information
which needs a high level database management sys-
tem. Users demand that materials databases include
a large number of materials and properties, but really
only small, specialized databases of limited coverage
are available. Since no all-around database satisfying
various users is available, strong demands arise for
interlinking among the separate databases to form an
integrated system which allows to use some databases
by one access.

There are some integrated systems such as CIS
(Chemical Information System) and JOIS-F (JICST
Online Information System-Factual database). Fea-
ture of JOIS-F is presented in Fig. 4.

The JOIS-F system now provide six factual data-
bases and in the near future one more database will
be in service as shown Fig. 4.

Chemical databases such as MS, TH, CR, SF and
DC are linked together through a unique substance
code by which these chemical databases are cross-file
searchable, though the individual databases are con-
trolled by independent database management sys-
tems.

The JOIS-F system supports many kinds of search,
Boolean logic and some graphic display facilities, but
other functions such as high graphic and pictorial
display, data manipulation, statistical data analysis,
and the other application softwares are not satisfac-

)

MODEM g —-
DCA
Toosr |

J

i building I

JOIS
Network

&
Personal computer

| in service |

DC: Chemical Dictionary Database

MS: Mass Spectral Database

TH: Thermophysical and Thermochemical Property Database

DN: DNA Database

SF: Chemical Substance Safety Regulation Database

CR: Crystal Structure Database

ME: Materials Strength Database for Engineering Steels and Alloys

Fig. 4. System configuration of JOIS-F.

tory.

Users demand for downloading of data into their
desktop microcomputer systems are increasing. Data
once downloaded into a microcomputer can be com-
bined with user’s private data or its own application
softwares, and then its own small systems will be built
and the data are used in CAD/CAM or other opera-
tions.

In addition, the development of data storage media
has permitted to make data packages on floppy disks
or CD-ROM together with various softwares for ma-
nipulating the data.

Worldwide networking such as STN International
and DIALOG is now available. Gateway systems
which save various log-on procedures to many on-line
systems have been developing.i%4) There are two
types of gateway system; one type uses a host com-
puter switching many existing on-line systems and
another permits a user to perform the same procedure
on its own terminals by using communication soft-
wares.

4. Future Aspect

Although some on-line systems providing various
materials databases are available at present, stan-
dardization is not satisfactory in terms of commands,
protocols, data form, definition and nomenclature,
etc. 'Therefore it is troublesome for users to access
useful databases in different systems.

Progress of networking and gateway system will
promote standardization of protocols and permit easy
access of users to many systems and databases.

These developments of telecommunications will
stimulate uniformity of specifications such as mate-
rials nomenclature, testing method and data form.

Moreover, it is hoped that the reference database
can be an interface to materials, testing conditions
and property data connecting with various reference
information such as data sources and testing organi-
zations.

In the future, computer-based information sources
will be directly utilized in combination with com-
puter-aided design (CAD), manufacturing (CAM),
and testing (CAT) systems.

Expert systems for estimating materials properties
such as a metal database developed by University of
Syracuse**®) and AMDADS (AiResearch Materials
Data Analysis and Dissemination System) by AiRe-
search Manufacturing Co.,* are in application.4)
To obtain most suitable information easily in mate-
rials databases having complicated data structure,
establishment of expert systems is hoped interfacing to
materials databases.*”)

In MEDDBASE (Materials Engineering Design
Data BASE) within the AMDADS frame, the program
leads the user through the various choices of materials
configuration descriptors (menus) in automatic mode.
To include the best known information with appro-
priate qualifier where no sanctioned design data were
available, each material property value is identified
by one of the codes; “A represemtin®at least 99 %, of
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the population of values is expected to equal or exceed
this value with 95 9, confidence ”’.

Since adequate estimation of complicated mate-
rials properties is very difficult, research and develop-
ment in computer application technology filed will
give us many challenging subjects.
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