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• Materials information provide researchers and developers 
three data spaces and coordinates, namely virtual space, 
material space, social space. As virtual space may be 
discussed well in this meeting, This presentation mentions 
about remaining two spaces. Social coordinate gives 
incentive of research and sequentially leads to out-reach of 
the result. The Strategic Element Initiative is a good example 
which was given the motivation from materials social data. 
Material space is the space where researchers work mainly 
until now. New waves is occurring in this space. The data of 
material itself has 4 dimensions including time, and archive 
time dimension comes aboard adding to them. However, we 
have described and transported data on only two dimension 
space as paper until now. “Open data” and “Data journal” 
are opening new world.





Big data

• Definition: Huge or complicate data which cannot treat 
by existing software nor application to collect, select, 
storage, and manage. 

• Why huge
live-data   (2.5exa bit data /day/person are created.)

enormous open platform

• Why complicated
diversity of aims and interpretations



Informatics: inter-disciplinal area which deal with the results and the 
structure of information. 
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Study on the expression, 
processing and 

communication of 
information

The study of the structure, the behavior, and the interactions of natural and 
engineered computational systems.

「application of information to artistic, science and human 」and
「to innovation of social」

Informatics is a window into this dynamic relationship, examining the interplay 
of people and technology
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最適解
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Are we ready to use big data?

• Social space :     optimistic
Medium size live data are open to be analyze from 

different view point.
Data analysis effects strategy of development.

Socio-economic data are growing day by day

• Material space:   pessimistic
Almost data are not open.

Treatment is enclosed in each discipline.

Common platform is not developed.
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These 15 years was turbulent fifteen years for strategic metals

Co and TI has grown  to 3 times.

Li, Mn, Si, Mo, Mg,Nr, Fe 
narly 2 times or moee

Only Sr and Ta has decreased

It had taken 36 
years for Fe to be 
produces double 

intil 2000



Prices have changed more drastically

Not linear,
Logarithmic 

scale
Maximum peak 

of Nd was 60 
times

Co keeps 
nearly two 

times of price



World 
war I

World 
war II

Oil shock

now

12

Historical resource price  from 1900

We had three peaks of prices 
during the former century

After the peak, prices shifted higher levels



What is happening ?  What will come after?

Shift form the structure of the 20th century 
to the 21th century.

From trilateral structure of EU, US, JP
to universal power economy through “the 

factory of the world” 
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46
4

3 83

10

5

3

18

2

2

3

3

5

1

7

4

3

2

3

1

2

1 5

4

1

3

1

2

2

2

4

1

32

1

2

14

2

7

2

52

1

2

4

7

10

4

3

2

2

2

1

2

1

2...

2

2

2

1

1

AU

CN
CH

BE

CZ

DE

ES

FR

HK

IT
JP

KR

MX

RU
US

GB

CA

PL

AT

MY

SG
SA

ND

DK

TH

TR

SK

IN

ID

at 2012

Instead of JP & EU,
China takes important role



Cu 1992 M$
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HR

Cu 2012 B$
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Almost of prepotent
countries will north of 
$10,000 / capita in 2030

We will reach 100 billions’ universal economy in 
this century, and we at the entrance now.



Fig.8 Fe consumption / capita v.s. GDP/ capita of several countries from 1994 to 2014

Exporting 
countries

Consuming 
countries

Developed
level

$10,000 /capita







SCIENCE HAS WON AGAINST ECONOMY

- JAPANESE GENSO SENRYAKU 

(PROJECT OF STRATEGIC ADVANCED MATERIALS) 

FOR RARE EARTH AND CRITICAL METALS-
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kick off 

meeting on 

GENSO 

SENRYAKU

Public 

Subscription

of Research

Launch the 

Project

Japan government launch a project named GENSO SENRYAKU 

S&T project for advanced strategic elemnts

Next generation 

Nd magnet 
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electric  
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Dy-free motor

efficient use
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recycling

NIMS

Dy-free 

magnet

Tohoku 

Univ.

Dy 40% 

reduce

MFA based work 

gave  a direction.



• MFA: tracing tool of the flow in life cycle of 
material in the society.

Applied for

• Prediction of future consumption
→ Why we should do.

• Estimation of stocked material
→ What we can do.



Research trends were extracted to make the strategy from web 
site data by using meaning investigation software
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Now we are at the meeting point of nano-size and macro-size

Structural products

Components

devices

Grain

interface

Lattice

molecular

Radicals

cluster

atom

former lately Next stage tomorrow

alloying、
precipitate

Nano particles

future

Atomic analysis

Nano-obsevation

Nuclear

coversion

Material

selection

Thin layer、
surface

chemically

spectroscopy

Given by

God

Multi function

composite

MEMS

Tailored

nano-structure

materialsdefect

Lattice design

Nano-design

Molecular design

Nano-alchemy: converging technology of 
physics, chemistry, metallurgy

Integration of

knowledge

Breakthrough

Of size-hierarchy

Creation of Materiallurgy

size

generation





3D data
4D datamulti parameter data

Free dimension publish

common procedure ( ex.HDF5)

PUBLISH:

documents+
parameter

author

reader

ACCESS:

documents+
parameter

multifunction、large、complex data are directly referred.

big data



After etching Before etching

Genus_3D
Fully automated serial sectioning 3D microscope

33Prof. Adachi



Lath martensite
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Experimental approachNumerical approach
１工程目（150→75mm）

２工程目（160→100mm）

３工程目（102→34mm）

15075

160

102

仮想実験 実証実験

100

Dr,Inoue



Virtual Database

database database

Database
manager

Template

database
retrieval

analysis 
model

retrieval

Data 

for 

analysi

s

Java

Applet

Client

Data
analysis
model

PlatformVirtual database

With generic format

Written with common 
Markup-Language

Template

database



Every database has its own logic, metadata, and structure
depending on their aim and scope. 

Users are required to learn the structure of  each database to 

retrieve and obtain data.

If  man feels difficult to read and exchange them among 

different databases, 

then machine cannot exchange them automatically. 

The approaches of common database and common format

have failed because;

a) The structure depends on the logic which is specifically 

reflected by the object and the aim of database.

b)   The metadata cannot determined universally,because 

terminological interpretation has discrepancies among the 

specific fields and languages.



superconductor

ceramics

Surface 
character

・・・

Each specific Database
Template for 
common Markup 
Language

other material databases○
joint data-sharing 
system

Generic
ｐｌａｔｆｏｒｍ

Virtual database
With generic format



June 2001 MatML Workshop

MatML_Doc

Material Material

BulkDetails ComponentDetails Terms Graphs

Name

Structure of MatML

Class

Subclass

Subclass

Specification

Specification

Processing Geometry Characterization Properties NotesSource

Form

Name Parameters Results Notes Name Parameters Results Notes

Shape Dimensions Orientation Notes

Formula ChemicalComposition PhaseComposition DimensionalDetails Notes

PropertyDetails Value Qualifier Parameters PropertyDetails Value Qualifier Parameters

DataSourceUnits NotesName DataType MesurementTechnique



<Test_Parameters_and_Procedures>
<Condition_of_Creep_Rupture>

<Test_Temperature>700</Test_Temperature>
<Test_Stress>117.7</Test_Stress>

</Condition_of_Creep_Rupture>
</Test_Parameters_and_Procedures>

<Specimen_Information>
<NRIM_ID href="http://www.nrim.go.jp/creep/">HST3</NRIM_ID>

</Specimen_Information>

<Test_Results>
<Result_of_Creep_Rupture>

<Rupture_Data>
<Time_to_Rupture>24651.5</Time_to_Rupture>
<Elongation>41.3</Elongation>
<Reduction_of_Area>85.1</Reduction_of_Area>

</Rupture_Data>
<Creep_Rupture_Data>

<Time_Strain_Data>
<Time unit="h">0.0</Time>    <Strain unit="percent">0.077</Strain>
<Time unit="h">72.0</Time>   <Strain unit="percent">0.536</Strain>
<Time unit="h">168.0</Time>  <Strain unit="percent">0.974</Strain>
<Time unit="h">240.0</Time><Strain unit="percent">1.238</Strain>
<Time unit="h">312.0</Time><Strain unit="percent">1.374</Strain>
<Time unit="h">384.0</Time><Strain unit="percent">1.607</Strain>
<Time unit="h">480.0</Time><Strain unit="percent">1.793</Strain>
<Time unit="h">552.0</Time><Strain unit="percent">1.904</Strain>
<Time unit="h">648.0</Time><Strain unit="percent">2.045</Strain>
<Time unit="h">744.0</Time><Strain unit="percent">2.160</Strain>

<!-- continue -->
   　　　 </Time_Strain_Data>

</Creep_Rupture_Data>
</Result_of_Creep_Rupture>

</Test_Results>
<Test_Validation/>

</Material_Property>
</Data>

<?xml version="1.0"?>
<!DOCTYPE Data SYSTEM "my-creep.dtd">
<Data>

<Material_Property>
<Material_Identification>

<Material_ID>
<Primary_Identifiers>

<Family_Name>Super Alloy</Family_Name>
<Family_Subclass>

<BaseMetal>Ni</BaseMetal>
</Family_Subclass>

</Primary_Identifiers>
<Specifications>

<SPecification_Organization>NRIM</SPecification_Organization>
<Specification_Number>50</Specification_Number>
<Specification_Designation>HST</Specification_Designation>

</Specifications>
<Characterization>

<Elemental_Symbol>C</Elemental_Symbol>
<Measured_Weight_Percent>0.07</Measured_Weight_Percent>
<Elemental_Symbol>Si</Elemental_Symbol>
<Measured_Weight_Percent>0.33</Measured_Weight_Percent>
<Elemental_Symbol>Mn</Elemental_Symbol>
<Measured_Weight_Percent>0.88</Measured_Weight_Percent>

<!-- continue -->
<!-- continue -->

</Characterization>
<Processing_History>

<Primary_Process_Type>mechanical processing</Primary_Process_Type>
<Primary_Process_Detal>Rotary pierced and cold drawn

　</Primary_Process_Detal>
<Secondary_Process_Type>Heat Treatment</Secondary_Process_Type>
<Secondary_Process_Detail>1180C/40min WC</Secondary_Process_Detail>

</Processing_History>
<Part_of_Sample_Detail>

<Sample_Grain_Size>2.5</Sample_Grain_Size>
<Sample_heardness>88</Sample_heardness>

</Part_of_Sample_Detail>
<Fabrication_and_Service_History>

<Fabrication_History>Melting</Fabrication_History>
<Fabrication_Details>VI+ERS</Fabrication_Details>
<Fabrication_History>Ingot size</Fabrication_History>
<Fabrication_Details>2 ton</Fabrication_Details>
<Fabrication_History>deoxidation</Fabrication_History>
<Fabrication_Details>no</Fabrication_Details>
<Fabrication_History>product formation</Fabrication_History>
<Fabrication_Details>plate</Fabrication_Details>
<Fabrication_History>plating size</Fabrication_History>
<Fabrication_Details>58.5 0D 9.0 WT 1000L</Fabrication_Details>

</Fabrication_and_Service_History>
<Data_Source_Identification/>
<Type_of_Test/>

</Material_ID>
</Material_Identification>



two different cases exists

common  item

“A” of  “A of B”  and  “A” of ”A of C”  are same “A”

inherited item

“A” of  “A of B”  and  “A” of ”A of C”  are different “A”

some solution

common item  

 name space

inherited item

 modified description of TAG   such as <B_A> 

 for the classification, the expert knowledge of     

materials engineer is necessary.

problem of  “A of  B”  and  “A of C”



How to weigh the importance of the elements 

Distinction of the Relation among the elements 

How to present the relation among the elements

In a creep data

<Grain_Size>2.5</Grain_Size>

<Hardness>88</Hardness>

<Time_to_Rupture>24651.5</Time_to_Rupture>

In a creep data

<Rupture_Data>

<Time_to_Rupture>24651.5</Time_to_Rupture>

<Elongation>41.3</Elongation>

<Reduction_of_Area>85.1</Reduction_of_Area>

</Rupture_Data>



for Large data





Source of bigdata

• Sharing large data which are difficult to obtain

• Daily primary measured and controlled data.

• Failure data

(Failure is depending on the interpretation but 

facts. Facts should be accumulated.)

• Interpretation knowledge itself



Interpretation knowledge and 

ontology 

• Database managers has been discussing 

ontology (relation of terminology).

• But ontology is depending on the individual 

discipline as the structure of the logic.

• As informatics is the communication beyond 

discipline, interpretation knowledge such as 

relation of terminology is extracted from 

bigdata of interpretation.



Data journal

• Digitalized journal which can refer large 

size data or visualize movies.

• Why we have to shrink data into 2-

dimensional expression and limited 

number?  Traceability and transparency is 

already approaching the limit.  

• Data journal has possibility to prepare 

bigdata platform by its free description of 

data.



Data journals



2002    ~ 2005        2006        2007          2008          2009       2010    2011  2012 2013     2014 2015

First fully OA title

First Hybrid title

Authors retain 

copyright

Public archiving after 6 

months

NPG’s creative 

Commons license

Hybrid model 

extended

First OA spin-off title

First Nature-branded 

Hybrid title

Multidisciplinary 

journal for sound 

science launched

Innovative new data 

journal launched

Major new 

partner 

series

launched
First Nature-

branded fully 

OA title

First high quality 

multidisciplinary OA 

title in HSS

Open Access (to research papers) at NPG



Daily experimental note and 

institute cloud 

• Every researcher takes note of experimental data.

• If we put them on data-space, it will make bigdata

• Software which helps easy data input is required.

• In an institute the data are stored in a cloud.

• It will be open after some period of time 

• Data are not to be enclosed but its quality and the 

interpretation of author should be contended on open 

data.

• Reliability is not  an attribute of datum, but interpretation.  

Only my proposal



Input recode

(condition、measured data)

Analyzed data

Measured data

serial repository

Cloud in an Institute

(backup、validation)

Global cloud

platform

Dimension-

free publish

association

visualization

Interpreted

data

Interpreted

knowledge
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Material data should be shared beyond 

disciplines

3D data
4D datamulti parameter data

Free dimension publish

common procedure ( ex.HDF5)

PUBLISH:

documents+
parameter

author

reader

ACCESS:

documents+
parameter

multifunction、large、complex data are directly referred.

big data



conclusion
• Material data in social space are optimistic

• Data in material space are pessimistic if 

architectures  of database are discussed 

in a discipline.

• The effort to create bigdata is required.

Large Data sharing

Data Journal

Open data access

Daily experimental data note

Additive: Not only data but  also knowledge should be distributed and accumulated.


