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(54) SEARCH SYSTEM AND SEARCH METHOD

(57) To effectively utilize knowledge of relationship
information among material property parameters the us-
ers tangibly and intangibly have in a search system that
generates a graph in which material property parameters
are nodes and relationships of the material property pa-
rameters are edges from a database of material property
parameter pairs whose relationships are already known,
and conducts a path search in the generated graph. A
search system, which includes the database, a graph
generator that generates the graph, and a graph searcher
searches the graph, further includes a user interface and
a user information storage unit corresponding to each
user. The user conducts a search unique to the user by
inputting relationship information between the material
property parameters that he has to the user information
storage unit and integrating the relationship information
into the above graph. Further, by accumulating a history
of searches conducted by the user in the user information
storage unit and analyzing the search history, the user
can be provided with new knowledge.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a search sys-
tem and a search method using a database, and more
particularly, to a search system and a search method that
can suitably be used for searching for relationships
among a plurality of material property parameters.

BACKGROUND ART

[0002] An objective of prediction and design in material
research is to identify materials having target character-
istics. A method that has been widely used to achieve
this objective is to identify a material having target char-
acteristics from a condition-characteristic chart. The
method is: observing a change in a characteristic upon
changing one specific condition among a plurality of con-
ditions to create a chart, and interpolating or extrapolating
the chart to obtain a condition under which the target
characteristic is achieved, thereby identifying a material
that matches the target characteristics. The term "chart"
herein is synonymous with "graph," like a line graph.
However, the term "chart" is hereafter used to distinguish
from a "graph" consisting of nodes and edges, which will
be described later.
[0003] Here, a change in characteristics upon chang-
ing one specific condition among a plurality of conditions
is often obtained experimentally. This is because, even
if many literatures are searched, it is difficult to obtain a
large amount of data having the same conditions except
for the above specified condition.
[0004] PTL 1 discloses a search system capable of
objectively searching for constituent substance informa-
tion of a new material having desired characteristics.
[0005] The search system disclosed in PTL 1 includes
a database containing a plurality of pieces of material
property parameter information for each of a plurality of
(many) substances. Here, for some substances, material
property parameters to which real data has not been pro-
vided may be contained in the database. Two-dimension-
al space or three or more-dimensional space is created
with a material property parameter to be searched for
being one axis and some of the other material property
parameters being the other axis (or axes), and each of
the substances in the database is mapped in the space.
At this time, material property parameters without real
data are interpolated by virtual data predicted by multi-
variate analysis, calculation based on a predetermined
logical expression, the first principle calculation, etc. In
a search map obtained by mapping real data and virtual
data, a substance having desired characteristics is to be
specified based on a predefined rule.
[0006] PTL 2 discloses a search system and a search
method capable of searching for an unknown combina-
tion of material property parameters having a significant
relationship based on an already known relationship from

among a plurality of arbitrary combinations of material
property parameters. This search system includes a da-
tabase, a graph generator and a graph searcher, and is
configured as follows. The database stores a plurality of
pairs of material property parameters having mutual re-
lationships, and the graph generator generates a graph
in which a plurality of material property parameters stored
in the database are nodes and in between the nodes
corresponding to the material property parameter pairs
stored to have mutual relationship are edges. The graph
searcher searches the graph generated by the graph
generator under a provided search condition and outputs
a search result.

PRIOR ART DOCUMENT

Patent Document

[0007]

PTL 1: Japanese Patent Application Laid-Open NO.
2007-18444
PTL 2: International Publication NO. WO
2017/221444

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0008] The inventor has studied PTL 1 and PTL 2, and
found new problems as follows.
[0009] In the technique described in PTL 1, relation-
ships among a plurality of material property parameters
used to predict virtual data are limited to those already
known.
[0010] The inventor of the present application has
found the following: when search is executed across a
plurality of technical fields as described above, the
number of material property parameters becomes very
large and, therefore, it is possible to extract an unknown
combination of material property parameters having a
significant relationship based on already known relation-
ships from among a plurality of arbitrary combinations of
material property parameters. The inventor of the present
application proposed the search system described in PTL
2 as a solution to PTL 1.
[0011] According to the search system and the search
method described in PTL 2, a user can conduct a search
across all fields including those having less close rela-
tionships. Therefore, an unknown combination of mate-
rial property parameters having a significant relationship
can be extracted.
[0012] The inventor have newly found that the related
art search systems have the following problem. A user
can only passively use the search system by providing
a search condition such as a query to obtain a search
result. With such a less interactive searching activity of
the user, the user’s own knowledge cannot be utilized in
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the search.
[0013] The problem is, for example, even if the users
has their own database, they cannot use that database
effectively in the search system. In the search system
disclosed in PTL 2, for example, it is a precondition that
relationships of material property parameters known in
as many fields as possible are included. In other words,
the search range to be provided to users is within the
database the system contains.
[0014] Further, users often repeat searches under a
certain hypothesis in order to achieve the purpose of the
search, but the user’s own knowledge behind that hy-
pothesis cannot be utilized for making the search more
efficient (for example, reducing the number of times of
searches) to achieve the purpose. However, in this case,
the user’s knowledge has not often been clear.
[0015] An objective of the invention is to provide a
search system and a search method capable of effec-
tively utilize knowledge of relationship information among
material property parameters that the users tangibly and
intangibly have.
[0016] Means for solving such a problem will be de-
scribed below. Other problems and novel features will
become obvious from the description of the specification
and the accompanying drawings.

MEANS FOR SOLVING THE PROBLEM

[0017] According to one embodiment, the following is
provided.
[0018] That is, a search system includes a database,
a graph generator and a graph searcher, and is config-
ured as follows.
[0019] The database stores a plurality of pairs of ma-
terial property parameters having mutual relationships,
and the graph generator generates a graph in which a
plurality of material property parameters stored in the da-
tabase are nodes and in between the nodes correspond-
ing to the material property parameter pairs stored to
have mutual relationship are edges. The graph searcher
searches the graph generated by the graph generator
under a provided search condition and outputs a search
result.
[0020] The search system further includes a user in-
terface and a user information storage unit corresponding
to each user. User information input directly through the
user interface or including a search history of an input
search condition is stored in the user information storage
unit. The stored information is collated or integrated with
a database or a graph to be searched to provide feedback
of user-specific reference information or execute a user-
specific search. The "user" here is not limited to a single
person, and may be a user group consisting of a plurality
of people.

EFFECT OF THE INVENTION

[0021] The effect to be obtained by the above embod-

iment will be briefly described below.
[0022] That is, in a search system that generates a
graph in which material property parameters are nodes
and the relationship thereof is an edge from a database
of material property parameter pairs of which mutual re-
lationship is already known, a search system and a
search method in which knowledge of relationship infor-
mation among material property parameters that users
tangibly and intangibly have can be effectively utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a block diagram illustrating a configuration
example of a search system according to a first em-
bodiment.
FIG. 2 is a block diagram illustrating an example of
a hardware system in which a search system and a
search method of the invention are to be implement-
ed.
FIG. 3 is an explanatory diagram illustrating a con-
figuration example of a database of the search sys-
tem according to the first embodiment.
FIG. 4 is an explanatory diagram illustrating an ex-
ample of a generated graph (a directed graph).
FIG. 5 is an explanatory diagram illustrating an ex-
ample of a generated graph (an undirected graph).
FIG. 6 is an explanatory diagram illustrating an ex-
ample of a path search result of a directed graph.
FIG. 7 is an explanatory diagram illustrating an ex-
ample of a path search result of an undirected graph.
FIG. 8 is an explanatory diagram illustrating queries.
FIG. 9 is an explanatory diagram illustrating display
options.
FIG. 10 is a block diagram illustrating a modified con-
figuration example of the search system according
to the first embodiment.
FIG. 11 is a block diagram illustrating a further mod-
ified configuration example of the search system ac-
cording to the first embodiment.
FIG. 12 is an explanatory diagram illustrating a mod-
ified example of an input form.
FIG. 13 is an explanatory diagram illustrating a fur-
ther example of the input form for describing at-
tributes of nodes.
FIG. 14 is a block diagram illustrating a configuration
example of a search system according to a second
embodiment.
FIG. 15 is an explanatory diagram illustrating an ex-
ample of a graph (a directed graph) to which an edge
has been added by user data.
FIG. 16 is an explanatory diagram illustrating an ex-
ample of a path search result of the graph to which
an edge has been added by user data (FIG. 15).
FIG. 17 is an explanatory diagram illustrating an ex-
ample of a graph (a directed graph) to which a sub-
graph including new nodes and edges has been add-
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ed by user data.
FIG. 18 is an explanatory diagram illustrating an ex-
ample of a path search result of a graph (FIG. 17) to
which a subgraph including new nodes and edges
has been added by user data.
FIG. 19 is an explanatory diagram illustrating an as-
pect in which a system-side database and a user-
side database have been integrated.
FIG. 20 is a block diagram illustrating a configuration
example of a search system according to a third em-
bodiment.
FIG. 21 is a block diagram illustrating a configuration
example of a search system according to a fourth
embodiment.
FIG. 22 is an explanatory diagram illustrating an as-
pect in which a user-side database is being collated
with a system-side database.
FIG. 23 is experimental data (chart) showing there
is a positive correlation between the Vickers hard-
ness and a melting point of pure metal.
FIG. 24 is experimental data (chart) showing there
is a negative correlation between the Vickers hard-
ness of transition metal carbide and a melting point
of metal composing the same.
FIG. 25 is a flowchart illustrating the configuration
example of the search method according to any of
the second to fourth embodiments.
FIG. 26 is a block diagram illustrating a configuration
example of a search system according to fifth and
sixth embodiments.
FIG. 27 is a flowchart illustrating the configuration
example of the search method according to any of
the fifth and sixth embodiments.
FIG. 28 is a block diagram illustrating a configuration
example of a search system according to a seventh
embodiment.
FIG. 29 is a block diagram illustrating a configuration
example of a material property parameter relation-
ship information extractor.
FIG. 30 is a flowchart illustrating the configuration
example of the search method according to the sev-
enth embodiment.

DETAILED DESCRIPTION OF THE INVENTION

1. OUTLINE OF EMBODIMENTS

[0024] First, an outline of a typical embodiment dis-
closed herein will be described. Reference signs in the
drawings also referenced in parentheses in the descrip-
tion of the outline of the typical embodiment merely ex-
emplify those included in the concept of the components
to which the reference signs are given.

[1] Search System with User Interface and User Informa-
tion Storage Unit

[0025] A typical embodiment of the invention is a

search system (10) including a database (1), a graph
generator (2) and a graph searcher (4), and is configured
as follows (FIG. 1).
[0026] The search system (10) further includes a user
interface (5) and a user information storage unit (6).
[0027] The database stores a plurality of parameter
pairs of material property parameters having mutual re-
lationships, and the graph generator generates a graph
(3) in which a plurality of material property parameters
included in the parameter pair are nodes and in between
the nodes corresponding to the parameter pair is an
edge. The graph searcher searches the graph based on
a provided search condition (including a query) via the
user interface, and outputs a search result.
[0028] The user interface makes user input data be
held by the user information storage unit for each user
identified based on user identification information. Here,
the user is not limited to a single person, and may be a
user group consisting of a plurality of people.
[0029] In this manner, knowledge of relationship infor-
mation among material property parameters the users
tangibly and intangibly have can be utilized effectively.

[2] Integration with User-Side Database

[0030] In the search system of [1], the database is re-
ferred to as a first database (1), the parameter pair is
referred to as a first parameter pair, and the user interface
further includes a database input unit (51) in which a sec-
ond database (50) can be input (FIG. 14).
[0031] The database input unit is configured to be ca-
pable of extracting, as a second parameter pair, a pair
of material property parameters having a mutual relation-
ship from the second database, and making the second
parameter pair and its relationship information be held
by the user information storage unit (6).
[0032] The graph generated by the graph generator is
a graph in which a plurality of material property param-
eters included in either of the first or the second param-
eter pair are nodes, and in between the nodes corre-
sponding to the second parameter pair in addition to the
first parameter pair are edges.
[0033] In this manner, the relationship information
among the material property parameters that users
uniquely have can be utilized effectively.

[3] Integration with User-Side Database; Parameter 
Name Matching

[0034] In the search system of [2], the database input
unit further includes a material property parameter rela-
tionship information extractor (52), a material property
parameter matching unit (53) and a thesaurus (54) (FIG.
20).
[0035] The material property parameter relationship in-
formation extractor extracts a plurality of second material
property parameter names from the second database.
The material property parameter matching unit refers to
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the thesaurus, collates the plurality of second material
property parameter names with the plurality of first ma-
terial property parameter names stored in the first data-
base, and if they differ from each other, changes the sec-
ond material property parameter names to the first ma-
terial property parameter names for the matching of the
names of the material property parameters.
[0036] In this manner, appearance inconsistency such
as a difference in expression between the relationship
information that users uniquely have among the material
property parameters and the relationship information that
the search system side has as user-independent com-
mon information can be removed, and information users
have can be used more effectively.

[4] Integration with User-Side Database; Collation of Re-
lationship Information

[0037] In the search system of [3], the user interface
further includes a relationship information collator (55)
(FIG. 21).
[0038] The relationship information collator collates
the relationship information about a pair of the same ma-
terial property parameters between the first parameter
pair and the second parameter pair, and outputs a col-
lation result.
[0039] In this manner, the user can verify correctness,
completeness, etc. of the relationship information among
the material property parameters he/she uniquely has.

[5] Maintenance and Management of Search History

[0040] In the search system of [1], the user interface
further includes a search interface (56) and a search his-
tory manager (57) (FIG. 26).
[0041] The search interface inputs a search condition
specified by the user to the graph searcher, and outputs
a search result output from the graph searcher to the
user. The search history manager holds at least a search
condition among a search condition and a search result
corresponding thereto in the search history holder as a
search history.
[0042] The user interface is configured so that the user
can refer to the search history held in the search history
holder.
[0043] In this manner, the user can manage his/her
own search history.

[6] Analysis of Search History

[0044] In the search system of [5], it is more preferrable
that the user interface further includes a search history
analyzer (58) (FIG. 26).
[0045] The search history analyzer analyzes the
search history held in the search history holder and
presents an analysis result to the user.
[0046] In this manner, the user can obtain knowledge
from his/her own search history and use the knowledge

in his/her future searches.

[7] Material Property Parameter Relationship Data Ex-
tractor

[0047] The search system of [1] further includes a ma-
terial property parameter relationship information extrac-
tor (71). The material property parameter relationship da-
ta extractor includes a learning model generator (72) and
a relationship extractor (75) (FIGS. 28 and 29).
[0048] The learning model generator generates a ma-
terial property name model and a relationship expression
model as learning models (73, 74) from supplied learning
data and supplies the generated leaning models to the
relationship extractor.
[0049] The learning data includes document data that
defines material property names and their relationships,
and the document data is input to the relationship extrac-
tor. The relationship extractor extracts a triple by using
a material property name list created from the material
property name model and a relationship expression list
created from the relationship expression model, and
based on a positional relationship among the material
property names and the relationship expression in the
input document data. The triple includes two material
property names corresponding to a material property pa-
rameter pair having a causal relationship and a relation-
ship expression representing the relationship therebe-
tween. The relationship extractor then outputs the triple
as output data. Here, the learning data input to the learn-
ing model generator (72) and the learning data input to
the relationship extractor (75) are basically different doc-
ument data. The search system updates the contents of
the database with the output data. The document data
that defines the material property names and their rela-
tionships is, for example, a textbook document. Learning
data more preferably includes headings of a scientific
terminology dictionary listing accurate material property
names, an index of a data handbook, etc., besides such
document data that defines the material property names
and their relationships.
[0050] In this manner, management burden of updat-
ing the material property parameter relationship data-
base (1) can be reduced.

[8] Addition of Cleaner to Material Property Parameter 
Relationship Information Extractor

[0051] In [7], the material property parameter relation-
ship information extractor further includes a cleaner (80)
to which a corpus (79) is input (FIG. 29).
[0052] The cleaner removes, based on the corpus, tri-
ples that have been determined not to indicate a relation-
ship among material property parameter pairs from the
triples extracted by the relationship extractor to obtain
the output data.
[0053] In this manner, management burden on the data
reliability when updating the material property parameter
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relationship database (1) can be reduced.

[9] Search Method Including User Information Storage 
Unit

[0054] A typical embodiment of the invention is a
search method including a graph generation step (S2)
for generating a graph from a first database (S1) and a
graph search step (S3), and is configured as follows (FIG.
25).
[0055] The first database stores a plurality of first pa-
rameter pairs of material property parameters having mu-
tual relationships.
[0056] The graph is a graph in which a plurality of ma-
terial property parameters included in the first parameter
pair are nodes and in between the nodes corresponding
to the first parameter pair is an edge.
[0057] In the graph search step, the graph is searched
based on provided search conditions (including a query)
and a search result is output (S10).
[0058] The search method further includes a database
input step (S5).
[0059] In the database input step, a second parameter
pair is extracted from an input second database and
stored in the user information storage unit (S8) for each
user identified based on a user identification information.
Here, the user is not limited to a single person, and may
be a user group consisting of a plurality of people.
[0060] Here, the second parameter pair is a pair of ma-
terial property parameters having mutual relationships
and is stored in the second database.
[0061] In this manner, knowledge of relationship infor-
mation among material property parameters the users
tangibly and intangibly have can be utilized effectively.

[10] Integration with User-Side Database

[0062] In the search method of [9] (FIG. 25), the graph
generated in the graph generation step is a graph in which
a plurality of material property parameters included in
either of the first or the second parameter pair are nodes,
and in between the nodes corresponding to the second
parameter pair in addition to the first parameter pair is
an edge.
[0063] In this manner, the relationship information
among the material property parameters that users
uniquely have can be utilized effectively.

[11] Integration with User-Side Database; Parameter 
Name Matching

[0064] The search method of [10] further includes a
material property parameter relationship information ex-
traction step (S6) and a material property parameter
matching step (S7) (FIG. 25).
[0065] In the material property parameter relationship
information extracting step, a plurality of second material
property parameter names are extracted from the second

database. In the material property parameter matching
step, a thesaurus is referred to, the plurality of second
material property parameter names are collated with the
plurality of first material property parameter names stored
in the first database, and if they differ from each other,
the second material property parameter names are
changed to the first material property parameter names
for the matching of the names of the material property
parameters.
[0066] In this manner, appearance inconsistency such
as a difference in expression between the relationship
information that users uniquely have among the material
property parameters and the relationship information that
the search system side has as user-independent com-
mon information can be removed, and information users
have can be used more effectively.

[12] Integration with User-Side Database; Collation of 
Relationship Information

[0067] The search method of [11] further includes a
relationship information collation step (S9) (FIG. 25).
[0068] In the relationship information collating step,
pieces of relationship information about the same pair of
material property parameters are collated between the
first parameter pair and the second parameter pair, and
a collation result is output (S11).
[0069] In this manner, the users can verify correctness,
completeness, etc. of the relationship information among
the material property parameters they uniquely have.

[13] Maintenance and Management of Search History

[0070] A typical embodiment of the invention is a
search method including a graph generation step (S2)
for generating a graph from a database (S1) and a graph
search step (S3), and is configured as follows (FIG. 27).
[0071] The database stores a plurality of parameter
pairs of material property parameters having mutual re-
lationships.
[0072] The graph is a graph in which a plurality of ma-
terial property parameters included in the parameter pair
are nodes and in between the nodes corresponding to
the parameter pair is an edge.
[0073] In the graph search step, the graph is searched
based on a search condition (including a query) provided
in the search condition input step (S4) and a search result
is output (S10).
[0074] The search method further includes a search
history management step (S12).
[0075] In the search history management step, at least
a search condition among the search condition provided
in the search condition input step and the search result
corresponding thereto is stored in the search history hold-
er (S13) as a search history for each user identified based
on the user identification information. Users authorized
based on the user identification information are allowed
to refer to the search history.

9 10 
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[0076] In this manner, the user can refer to the search
history of him/herself or other users who authorized
him/her to refer to the search history, and can provide
appropriate feedback to his/her own search policy to im-
prove search efficiency.

[14] Analysis of Search History

[0077] The search method of [13] further includes a
search history analysis step (S15) (FIG. 27).
[0078] In the search history analysis step, the search
history held in the search history holder is analyzed and
an analysis result is presented to the user (S16).
[0079] In this manner, the users can obtain knowledge
from their own search history and use the knowledge in
their future searches.

[15] Search Method Including Material Property Param-
eter Relationship Data Extraction Step

[0080] A typical embodiment of the invention is a
search method including a graph generation step (S2)
for generating a graph from a database (S1) and a graph
search step (S3), and is configured as follows. (FIG. 30).
[0081] The database stores a plurality of parameter
pairs of material property parameters having mutual re-
lationships. The graph is a graph in which a plurality of
material property parameters included in the parameter
pair are nodes and in between the nodes corresponding
to the parameter pair is an edge. In the graph search
step, the graph is searched based on provided search
conditions (including a query) and a search result is out-
put (S10).
[0082] The search method further includes a learning
model generation step (S21) and a relationship extraction
step (S24).
[0083] The learning model generator generates a ma-
terial property name model and a relationship model as
learning models (S22, S23) from supplied learning data
(S20) and supplies the generated models to the relation-
ship extraction step.
[0084] The learning data includes document data that
defines material property names and their relationships,
and the document data is input to the relationship ex-
tracting step. In the relationship extraction step, a triple
is extracted by using a material property name list created
from the material property name model and a relationship
expression list created from the relationship expression
model, and based on the positional relationship among
the material property names and the relationship expres-
sion in the input document data. The triple includes two
material property names corresponding to a material
property parameter pair having a causal relationship and
a relationship expression representing the relationship
therebetween. The triple is then output as output data.
[0085] In the search method, contents of the database
are updated with the output data. The document data
that defines the material property names and their rela-

tionships is, for example, a document such as a textbook.
Learning data more preferably includes headings of a
scientific terminology dictionary listing accurate material
property names, an index of a data handbook, etc., be-
sides such document data that defines the material prop-
erty names and their relationships.
[0086] In this manner, management burden of updat-
ing the material property parameter relationship data-
base (1) can be reduced.

[16] Addition of Cleaning Step

[0087] It is more preferable that the search method of
[15] further includes a cleaning step (S25) in which a
corpus is input (FIG. 30).
[0088] In the cleaning step, based on the corpus, triples
determined not to indicate the relationship between ma-
terial property parameter pairs are removed from the tri-
ples extracted in the relationship extraction step to obtain
the output data.
[0089] In this manner, management burden on the data
reliability when updating the material property parameter
relationship database (1) can be reduced.

2. DETAILS OF THE EMBODIMENTS

[0090] The embodiments will be described in more de-
tail.

FIRST EMBODIMENT

[0091] FIG. 1 is a block diagram illustrating a configu-
ration example of a search system according to the first
embodiment.
[0092] The search system 10 includes a material prop-
erty parameter relationship database 1 that stores rela-
tionships among material property parameters, a graph
generator 2, a graph searcher 4, and a user interface 5.
[0093] The material property parameter relationship
database 1 stores a plurality of pairs of material property
parameters having mutual relationships. Here, pairs of
material property parameters having mutual relation-
ships are not limited to those based on scientific evi-
dence-based relationships, i.e., those based on theoret-
ically explained relationships: those known to have mu-
tual relationships due to obvious correlation found from
experimental data may also be included in the pairs of
material property parameters even if they have not been
theoretically explained or has not been formulated. Be-
sides formulated relationships like theorems and formu-
lae, the "theoretically explained relationships" may widely
include semi-quantitative or qualitative relationships
where the semi-quantitative relationships are explained
by presence/absence of correlation or positive/negative
of correlation coefficients (i.e., while one of the correlation
coefficients increases, the other also increases or de-
creases, etc.). Here, it is not necessary for relationships
known in any field to be excluded, and pairs of material
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property parameters of which relationships are known in
every field may be included.
[0094] The graph generator 2 generates a graph 3 in
which a plurality of material property parameters stored
in the material property parameter relationship database
1 are nodes, and in between the nodes corresponding
to the material property parameters pairs having mutual
relationships is an edge.
[0095] The user interface 5 can provide a search con-
dition such as a query to the graph searcher 4 as de-
scribed above, and output a search result to the outside.
The user interface 5 is not limited to a human interface,
and may be an interface with another database or with
a search system.
[0096] The graph searcher 4 searches the graph 3
based on provided search conditions via the user inter-
face 5, and outputs search results. Various path search
methods based on mathematical algorithms such as
graph theory can be applied to the graph searcher 4.
[0097] In this manner, the search system 10 can
search for an unknown combination of material property
parameters having a significant relationship based on
already known relationships among arbitrary combina-
tions of a plurality of material property parameters. The
material property parameter pairs which are stored in the
material property parameter relationship database 1 and
have mutual relationships may desirably be collected
from as many technical fields as possible. In the present
invention, the relationships of material properties collect-
ed from many technical fields are collectively expressed
in a single graph 3, which enables a user to conduct a
path search in the graph 3. Here, a "single graph" means
a range having a plurality of nodes and a plurality of edges
connecting the nodes, in which all the nodes are directly
or indirectly connected by the edges. A single graph may
be a collection of a plurality of graphs (sometimes re-
ferred to as subgraphs). With the expression using the
graph 3, a user can conduct a path search based only
on presence or absence of edges irrespective of in what
technical field the relationship corresponding to the edge
has been known. Therefore, a search can be conducted
across many fields. Thus, an unknown combination of
material property parameters having a significant rela-
tionship can also be found in addition to already known
relationships of material property parameters. By inte-
grating relationships that have been known only in differ-
ent technical fields and expressing them in a graph, a
user can conduct a path search in the entire graph irre-
spective of in what technical field all the relationships
have been known. Therefore, there is a possibility of dis-
covering new relationships among unknown material
property parameters.
[0098] The search system 10 further includes a user
information storage unit 6, and, via the user interface 5,
makes the user information storage unit 6 hold data (user
data) input by the user as user input for each user iden-
tified based on the user identification information. The
search system 10 may be configured such that informa-

tion related to the user data input by the user is output
from the search system 10.
[0099] The user data may be any knowledge related
to the relationship information among the material prop-
erty parameters that the user tangibly and intangibly has.
The user data may be, for example, relationship informa-
tion among material property parameters that the user
found empirically or the like, but not theoretically ex-
plained. More details will be described in second to fourth
embodiments. The user data can be a series of search
conditions input by the user. More details will be de-
scribed in a fifth embodiment. Here, the "user" is not lim-
ited to a single person, and may be a user group consist-
ing of a plurality of people. For example, a plurality of
users engaged in the same research and development
project may be organized as a single user group of which
members may share the user data.
[0100] In this manner, knowledge of relationship infor-
mation among material property parameters the users
tangibly and intangibly have can be utilized effectively.

<Hardware/Software Embodiments>

[0101] The search system 10 of the invention is con-
structed to function as software on a hardware system
including a storage device and a computer.
[0102] FIG. 2 is a block diagram illustrating an example
of a hardware system in which the search system 10 of
the invention is implemented.
[0103] A server 100 and user-side workstations 110
and 120 are connected to a network 200 such as the
Internet. The server 100 includes a computer 101, a stor-
age device 102, a network interface 103, an input unit
104, and a display unit 105.
[0104] If the input and output via the network 200 is
sufficient, provision of the input unit 104 and the display
unit 105 may be optional. The user-side workstations 110
and 120 also include computers 111 and 121, storage
devices 112 and 122, network interfaces 113 and 123,
input units 114 and 124, and display units 115 and 125,
respectively. The search system 10 may also be imple-
mented without being connected to the network 200. The
network interface 103 may be omitted from the server
100, and the entire search system 10 of the invention
may be implemented in the computer 101, the storage
device 102, the input unit 104, and the display unit 105.
[0105] The material property parameter relationship
database 1 of the search system 10 is stored in the stor-
age device 102. The graph generator 2 is software that
operates on the computer 101. The graph 3 generated
by the graph generator 2 is stored in the storage device
102 as intermediate data and is used as input data of the
graph searcher 4 implemented as software in the com-
puter 101.
[0106] The user interface 5 of the search system 10 is
implemented by using the input units 114 and 124 and
the display units 115 and 125, respectively, of the user-
side workstations 110 and 120. Search conditions are
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provided from the user-side workstations 110 and 120 to
the graph searcher 4 via the user interface 5, and search
results are returned. The user information storage unit 6
may be implemented in the storage devices 112 and 122
of the user-side workstations 110 and 120, or may be
implemented in the storage device 102 of the server 100.
[0107] The graph searcher 4 may be implemented as
software in the computers 111 and 121 of the user-side
workstations 110 and 120 instead of or in addition to the
server 100. Here, the graph 3 is supplied from the server
100 in response to a request from the user-side worksta-
tions 110 and 120. The graph 3 may be configured to be
downloaded in advance and stored in the storage devices
112 and 122 of the workstations 110 and 120 before the
user conducting the path search. In this manner, the path
search process by the graph searcher 4 is speeded up.
Especially when many users are to conduct the graph
search process at the same time, concentration of
processing load on the server 100 can be prevented.
[0108] Further, the graph generator 2 may also be im-
plemented as software in the computers 111 and 121 of
the user-side workstations 110 and 120. Also in this case,
when many users are to conduct the graph search proc-
ess at the same time, concentration of processing load
on the server 100 can be prevented.
[0109] The search system 10 according to the first em-
bodiment will be described in more detail.

<Directed Graph/Undirected Graph>

[0110] FIG. 3 is an explanatory diagram illustrating a
configuration example of the material property parameter
relationship database 1. As an example, an input form
11 of the database 1 is illustrated. The input form 11 is
a table in which a pair of material property parameters
having mutual relationships are input to rows. The first
column is allocated to the cause-side material property
parameters, and the second column is allocated to the
result-side material property parameters. Although it is
not necessary to separate the material property param-
eters into the cause-side and the result-side, such sep-
aration is advantageous in that relationships having di-
rectionality in causality can also be expressed. When a
relationship is bidirectional, the relationship is described
by using two rows with the cause-side material property
parameters and the result-side exchanged.
[0111] As illustrated in FIG. 3, when "D=A+B" is for-
mulated as a theoretical relationship in a textbook X1,
the cause-side material property parameters are A and
B, and the result-side material property parameter is D
(the second row and the third row), when "A=f(B)" is for-
mulated, f is a function of B as input and A as output, and
when an inverse function is undefinable, the cause-side
material property parameter is B and the result-side ma-
terial property parameter is A (the fourth row). When an
article Y1 shows data (graph) indicating material property
parameters D and E are in close correlation, the relation-
ship is input to a fifth row and a sixth row. Similarly, when

a conference presentation Z shows data (graph) indicat-
ing material property parameters C and E are in close
correlation, the relationship is input to a seventh row and
an eighth row. Similarly, hereinafter, the relationship be-
tween material property parameters M and C shown in
an article Y2 is input to a ninth row and a 10th row, the
relationships between material property parameters K
and J, K and L, J and L, and L and J, derived from a
theoretical formula shown in a textbook X2 are input to
from an 11th to a 15th rows, and the relationships be-
tween the material property parameters I and K, G and
C, G and F, G and I, I and F, L and H, and G and H, which
are known theoretically or empirically, are input to a 16th
to a 23rd rows.
[0112] The relationships between the plurality of ma-
terial property parameter pairs input to the input form 11
are taken into the computer and stored as the material
property parameter relationship database 1. The graph
generator 2 generates the graph 3 based on the database
1 as input, in which graph each material property param-
eter corresponds to a node, and presence/absence of
mutual relationship among material property parameters
corresponds to an edge. In FIG. 3, the input form 11 and
the material property parameter relationship database 1
are depicted as clearly distinguished from each other.
However, the input form 11 itself may be referred to as
the material property parameter relationship database 1.
This is because if one set of two material property pa-
rameters (pairs) described in the same row of the input
form 11 is to be defined as two nodes and an edge is to
be defined therebetween, the information is substantially
equivalent to a graph.
[0113] The textbooks X1 and X2, the articles Y1 and
Y2, and the conference presentation Z are desirably text-
books, articles, conference presentations etc. in com-
pletely different fields. Thus, users can trace the relation-
ship between the material property parameters A and D
known in the textbook X1, the relationship between the
material property parameters D and E known in the article
Y1, the relationship between the material property pa-
rameters E and C known in the conference presentation
Z, the relationship between the material property param-
eters C and M known in the article Y2, and the relationship
between the material property parameters M and J
known in the textbook X2 in this order to obtain new
knowledge that the material property parameters A and
J have a relationship. The new relationship obtained here
is a relationship that can exist merely mathematically and
whether it is an actually valid relationship may have to
be determined after physical evaluation. However, find-
ing such a relationship is valuable at least in providing
notice to researchers who are users.
[0114] FIG. 4 illustrates an example in which the gen-
erated graph 3 is a directed graph. The graph 3 may be
an undirected graph. FIG. 5 illustrates an example in
which the generated graph 3 is an undirected graph.
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<Path Search>

[0115] The graph searcher 4 conducts a path search
in the graph 3 under a provided search condition (includ-
ing a query). For example, if a user wants to know the
presence or absence of a causal relationship with the
material property parameter A being a cause side and H
being a result side, the user provides the graph searcher
4 with a search condition that a node A is a start point
and a node H is an end point and makes the graph search-
er 4 execute a path search. As a result, if the graph is a
directed graph as illustrated in FIG. 4, a path search result
as illustrated in FIG. 6 is obtained, and if the graph is an
undirected graph as illustrated in FIG. 5, a path search
result as illustrated in FIG. 7 is obtained.
[0116] The search condition to be provided to the graph
searcher 4 may be arbitrarily changed in addition to set-
ting the start point and the end point. For example, an
end point and the number of nodes to reach the end point
may be specified as a search condition, and all the paths
of which length to the end point is within the number of
nodes may be listed in the graph searcher 4. In this man-
ner, material property parameters having a relatively
strong relationship with a specific material property pa-
rameter can be comprehensively listed.
[0117] FIG. 8 is an explanatory diagram illustrating
queries, and FIG. 9 is an explanatory diagram illustrating
display options. The display option can be specified to-
gether with a query to specify a display mode of a search
result by the query and display of additional information.
[0118] The query 1 "search paths from A to B" is a
query indicating a search for paths starting from the node
A corresponding to the material property parameter A
and ending at the node B corresponding to the material
property parameter B. For example, display options for
search results such as option 1 "all paths," option 2 "short-
est path," and option 3 "within p paths" illustrated in FIG.
9 can be specified together with the query 1.
[0119] The display option 1 "all paths" is an option for
displaying all the paths that satisfy the search condition
"starting from the node A and ending at the node B" spec-
ified by the query.
[0120] The display option 2 "shortest path" is an option
for displaying the shortest path among all the paths that
match the search conditions specified by the query. Fur-
ther, a display option for displaying q paths in the order
from the shortest, such as "shortest q paths" may be add-
ed.
[0121] The display option 3 "within p paths" is an option
for displaying the paths having a predetermined length
p or shorter among all the paths that match the search
conditions specified by the query. An option that enables
a user to specify a range such as "p1 or longer and p2
or shorter" may be added.
[0122] In addition, display options for the search result,
such as option 6 "common paths with from A to X," option
7 "uncommon paths with from A to X," option 8 "common
paths with from Y to B," option 9 "uncommon paths with

from Y to B," option 10 "around the end node within c1
paths," and option 11 "similar paths" can be specified.
[0123] The display option 6 "common paths with from
A to X" is an option for displaying a path that is common
to the paths having a node A as a common start point
and reaching different end points X among all the paths
that satisfy the search condition "starting from node A
and ending at node B" specified by the query.
[0124] The display option 7 "uncommon paths with
from A to X" is an option for displaying a path that is
uncommon to the paths having a node A as a common
start point and reaching different end points X among all
the paths that satisfy the search condition "starting from
node A and ending at node B" specified by the query.
[0125] The display option 8 "common paths with from
Y to B" is an option for displaying paths that are common
to the paths having the node B as a common end point
from different start points Y among all the paths that sat-
isfy the search condition "starting from the node A and
ending at the node B" specified by the query.
[0126] The display option 9 "uncommon paths with
from Y to B" is an option for displaying paths that are
uncommon to the paths having a node B as a common
end point from different start points Y among all the paths
that satisfy the search condition "starting from the node
A and ending at the node B" specified by the query.
[0127] The display option 10 "around the end node
within c1 paths" is an option for displaying an area around
the end node B specified by the queries 1 to 4 together
with the search result within the range of the path length
c1 or shorter.
[0128] The display option 11 "similar paths" is an option
for displaying another search condition with more com-
mon paths among paths having different start points and
different end points among all the paths that satisfy the
search condition "starting from the node A and ending at
the node B" specified by the query. The number of com-
mon paths is specified in an arbitrary manner.
[0129] Although not illustrated in FIG. 9, other display
options may be added. For example, an option for dis-
playing surround around the end point node that satisfies
a predetermined path length condition (i.e., path length
p or shorter, p1 or longer and p2 or shorter, and p2 or
longer) may be added with the end point node B as a
further start point.
[0130] The length of the path is herein described as
the number of nodes or edges a path passes through
from the start point node to the end point node. Alterna-
tively, a length attribute may be given to edges so that
the path length is defined as the total length of edges that
the path passes through. Unless otherwise specified, this
interpretation applies to the entire specification of the
path length.
[0131] The query 2 "search paths from A to B including
D in the paths" and the query 3 "search paths from A to
B excluding D in the paths" are queries for indicating a
search for a path that includes or does not include a node
D corresponding to a material property parameter D
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among the paths starting from the node A and ending at
the node B. With these queries, display options about
the search result such as the option 1 "all paths," the
option 2 "shortest path," and the option 3 "within p path"
can be specified at the same time.
[0132] The query 4 "search paths from A to B within n
paths" is a query indicating a search for a path having a
predetermined length n or shorter among the paths start-
ing from the node A and ending at the node B. With this
query, display options about the search result such as
the option 1 "all paths," the option 2 "shortest path," and
the option 3 "within p path" can be specified at the same
time. This query differs from the display option 3 "within
p path" in that the search result is limited by the path
length. In addition, the display option 4 "difference within
n-paths/ [other opt.]" can be specified. The display option
4 "difference within n-paths/ [other opt.]" is an option for
displaying the difference from the search result limited
by specifying other display options.
[0133] The query 5 "search paths around M within m
paths" is a query for outputting a path or a subgraph hav-
ing a length of m nodes or shorter around the node M
corresponding to the material property parameter M as
a search result. In this query, it does not matter whether
the node M is the start point or the end point. The query
6 "search paths from M within m paths" or "to M within
m paths" is a query for outputting paths or a subgraph
having a length of m nodes or shorter with the start point
being the node M or the end point being node M as a
search result.
[0134] The query 7 "search paths around M within m1-
m2 paths" is a query for outputting paths or a subgraph
having a length of m1 nodes or longer and a length of
m2 nodes or shorter around the node M corresponding
to the material property parameter M as a search result.
In this query, it does not matter whether the node M is
the start point or the end point. The query 8 "search paths
from M within m1-m2 paths" or "to M within m1-m2 paths"
is a query for outputting a path or a subgraph having a
length of m1 nodes or longer and m2 nodes or shorter
around the node M with the start point being the node M
or the end point being node M as a search result.
[0135] The option 12 "similar graph" may be specified
as a display option for those queries 5 to query 8 for
outputting a subgraph as a search result.
[0136] The display option 12 "similar graph" is an op-
tion for displaying another query whose search result is
a graph similar to the subgraph which is the search result.
The degree of similarity of the graphs may be specified
in an arbitrary manner. For example, similarity generally
used in the graph theory may be used as an index indi-
cating the degree of similarity. When each node and each
edge in a subgraph can be associated one to one be-
tween two subgraphs to be compared, it is defined that
the two subgraphs are equal, i.e. have the maximum sim-
ilarity. The similarity can be quantified by quantifying the
number and attributes of nodes and edges that cannot
be associated with each other and subtracting the ob-

tained value from the maximum similarity.
[0137] The ways of providing the search conditions
(queries) and display options described by quoting FIGS.
8 and 9 are mere examples, and may be implemented
in arbitrary manners. For example, only a part of them
may be implemented, changed to other queries or display
options, or other queries or display options may be add-
ed.

<Edge with Reliability Information>

[0138] Reliability information of a relationship among
material property parameter pairs can be added to an
edge of the graph 3 as one of the attributes of the edge.
A theoretically proved and widely recognized relationship
is significantly reliable. However, regarding a relationship
for which experimental data showing existence of corre-
lation between two material property parameters has
been obtained but data on additional experiments for
confirming reproducibility has not been obtained, and a
theoretical explanation explaining that relationship being
merely a hypothesis, users may want to consider the re-
liability of such relationship to be low. Such reliability in-
formation may be additionally input to the database 1 so
that the information is associated with the length of the
edge in the graph 3, and is treated as a length of the path
in the graph searcher 4, for example. For example, the
length of an edge with high reliability is set to 1 and, as
the reliability becomes lower, the longer edges like 2, 3,
4 and so on may be associated with lower reliability.

<Priority Determination>

[0139] When a plurality of path search results are to
be output from the graph searcher 4, priorities are desir-
ably given to these results.
[0140] FIG. 10 is a block diagram illustrating a modified
configuration example of the search system according
to the first embodiment. The search system 10 further
includes a priority determiner 9. The priority determiner
9 outputs the path search results, output from the graph
searcher 4, with priority given thereto.
[0141] Evaluation items for determining priority are, for
example, reliability, the number of edges, measurability
of material property value, data volume in a database of
material property values, and a value of material proper-
ty. Two or more items may be considered for evaluation
to determine the priority. Details of each item are as fol-
lows.

(a) Reliability: indicating whether a relationship is
strictly theoretical, semi-quantitative, qualitative, or
empirical.
(b) The number of edges: indicating the number of
related material properties and a weighted amount
corresponding thereto. Here, the number of related
material properties is the number of arrows of the
edges pointed toward and away from the node (an

19 20 



EP 3 825 867 A1

12

5

10

15

20

25

30

35

40

45

50

55

arrow pointed away from the node is indicated by +,
toward is -), and the amount to be weighted is a quan-
tified amount of an attribute related to the length and
thickness of the arrow of the edge.
(c) Measurability of material property values: indicat-
ing any of the following: the material property value
is measurable in principle and a measuring method
therefor exists; the material property value is meas-
urable in principle but measuring method therefore
is unknown; or the material property value is un-
measurable.
(d) Data volume in the database of material property
values: indicating the amount of data of the material
property values stored in the database.
(e) Value of material property: indicating a material
property value itself of the material property.

[0142] Of these, (a) is an attribute of an edge and each
of (b) to (e) is an attribute of a node.
[0143] The evaluation method for determining the pri-
ority is roughly divided into two types: an item-specific
evaluation method in which each of above items (b) to
(e), which is an attribute of the node, is evaluated inde-
pendently, and a combined evaluation method in which
evaluation is executed for the combination of at least two
of the above items (a) to (e). Each item is quantified and
shown as a score.
[0144] The combined evaluation method can be divid-
ed into the following various courses depending on which
evaluation item is emphasized.

(i) Reliability-oriented course: reliability is empha-
sized
(ii) Control-oriented course: controllability of the ma-
terial property parameter is emphasized by weight-
ing the number of edges input to the node corre-
sponding to the material property parameter to be
controlled
(iii) Measured value-oriented course: measurability
of material property values is emphasized
(iv) Data volume-oriented course: measurability of
material property values is emphasized
(v) Material property limitation course: the fact that
the value of a predetermined material property pa-
rameter is a specific value or within a specific range
is emphasized
(vi) Universal course: a plurality of evaluation items
are weighted almost evenly

[0145] The weighted addition score is obtained by add-
ing the weighted scores of the items each of which con-
stitutes each course, and priority is determined in the
order of the weighted addition scores.

<Conditional Relationships>

[0146] Presence/absence or details of relationships
among material property parameter pairs may change

under some conditions. For example, the tensile strength
and the Vickers hardness are proportional to each other
on condition that the materials are transition metal car-
bides. This is because the tensile strength of the transi-
tion metal carbides is determined by shear strength
where the tensile strength is determined by the shear
strength, the tensile strength and the Vickers hardness
are in a proportional relationship. Also, there is a rela-
tionship between the tensile strength and the depth of
the bonding potential on condition that the substance
does not exhibit superplasticity. Therefore, in searching
for a relationship between the material property param-
eters, it is necessary to determine presence/absence of
a path and a length by taking such conditions into con-
sideration.
[0147] In order to treat a conditional relationship of ma-
terial property parameter pair, the material property pa-
rameter pair is defined in association with its condition in
the material property parameter relationship database 1,
and the graph generator 2 adds the condition as an at-
tribute of an edge. The problem of conditional relation-
ships can be solved by changing the graph searcher 4
to software in which a graph search algorithm capable
of handling a conditional edge has been implemented. It
is therefore possible to deal with the conditional relation-
ship as it is without changing the configuration of FIG. 1.
[0148] Alternatively, the graph searcher 4 may be soft-
ware in which a general graph search algorithm is imple-
mented that is not preconditioned for graphs having con-
ditional edges. Purely mathematical algorithms have
been established for path searching of graphs, and soft-
ware libraries implementing them have already been pro-
vided. Therefore, these can be applied to the graph
searcher 4 of the invention as they are or with minimal
design changes.
[0149] FIG. 11 is a block diagram illustrating a further
modified configuration example of the search system ac-
cording to the first embodiment. The search system 10
further includes a condition extractor 7 and a path eval-
uator 8.
[0150] Regarding pairs for which conditions that define
presence or absence of relationships exist among a plu-
rality of pairs of material property parameters having mu-
tual relationships, the conditions are further stored in the
material property parameter relationship database 1. The
condition extractor 7 extracts the condition from the ma-
terial property parameter relationship database 1 in as-
sociation with the edge (conditional edge) corresponding
to the pair whose presence or absence of the relationship
is defined by the condition. The graph searcher 4 exe-
cutes a path search in the graph 3 and outputs a search
result. Here, the presence or absence of the conditional
edge is not considered. The path evaluator 8 determines
whether the extracted path includes a conditional edge
and determines whether the condition is satisfied regard-
ing paths including a conditional edge. If the condition is
not satisfied, the path evaluator 8 excludes the path from
the result output from the graph searcher 4 and outputs
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the result as a search result.
[0151] Therefore, even such a complicated relation-
ship that presence/absence of a relationship changes
depending on a value of the material property parameter
corresponding to the relationship or a value of another
material property parameter can be included in a search
range. On the other hand, the graph searcher 4 need not
additionally have a function to search a graph including
conditional edges, and general graph search software
can be used in the same manner as in the first embodi-
ment.
[0152] The priority determiner 9 functions in the same
manner as the above-described modification described
with reference to FIG. 10, but may be omitted.

<Input Form>

[0153] Evaluation items for determining priority, such
as reliability, the number of edges, measurability of ma-
terial property values, data volume in the database of
material property values, the value of the material prop-
erty, and the conditions described above may be input
to the material property parameter relationship database
1 by adding items to the input form 11 illustrated in FIG.
3 if they are attributes of edges, and by using another
input form if they are attributes of nodes.
[0154] FIG. 12 is an explanatory diagram illustrating a
modified example of the input form 11. Compared with
the example of the input form 11 illustrated in FIG. 3,
presence/absence of a relationship, a relationship
memo, relationship classification 1, relationship classifi-
cation 2, a condition node, condition and a relationship
have been added. The relationship classification may be,
for example, the above-described reliability information.
When the condition is a value (content) of a specific ma-
terial property parameter, a node corresponding to the
material property parameter is described in the condition
node, and the value or the content is described in the
condition. In the item "relationship," a formula is de-
scribed when the relationship is formulated, and an ap-
proximate formula is described when the relationship is
empirical. A qualitative relationship may be described in
place of the formula or may be mixed with the material
property parameter pair for which the formula is defined.
For example, whether the material property parameter
pair has a positive correlation or a negative correlation
may be described. By using all the formulae existing on
the path which is the search result, the relationship of the
newly found material property parameter pair can be for-
mulated. When the path that is the search result contains
a qualitative relationship, it is possible to find a qualitative
relationship between the newly found material property
parameter pair.
[0155] FIG. 13 is an explanatory diagram illustrating a
further example of the input form 12 for describing at-
tributes of nodes. For each node corresponding to the
material property parameter, items such as the number
of edges to be output, the number of edges to be input,

the total number of edges to be connected, measurability,
the data volume of the database, and material property
value are described. The sum of the number of edges to
be output, the number of edges to be input, the total
number of edges to be connected may be omitted since
it can be obtained by generating a graph based on the
input form of FIG. 12 and studying the topology of the
graph.
[0156] In the item "measurability," any of the following
is described: "the material property value is measurable
in principle and a measuring method therefor exists," "the
material property value is measurable in principle but
measuring method therefore is unknown" or "the material
property value is unmeasurable." In the item of "data vol-
ume of database," the data volume of the material prop-
erty value is described. In the item of "the value of material
property," the material property value itself of the material
property is described. A value range may be specified
instead of exact values.
[0157] In the first embodiment, the input forms 11 and
12 and the material property parameter relationship da-
tabase 1 and the graph 3 have been described separate-
ly, but the input forms 11 and 12 themselves may be used
as the material property parameter relationship database
1, or the graph 3 may be managed as a graph format
database.
[0158] In general, a "database" is a collection of data
grouped together so users can use. The database can
be categorized into several types such a hierarchical da-
tabase, a networked database and a relational database.
The database 1 of the invention may be of any type. It is
sufficient that the database 1 of the invention contains at
least data constituting the graph 3, that is, a relationship
between a material property parameter corresponding to
each node and a pair of material property parameters
corresponding to each edge as a collection of data, or
the database 1 may be composed only of a collection of
data constituting the graph 3.
[0159] Such a change in the embodiment can be sim-
ilarly applied to each of the following embodiments.

SECOND EMBODIMENT

<Integration with User-Side Database>

[0160] User data input from the user input illustrated
in FIG. 1 may be relationship information among material
property parameters found by the user through experi-
ments or the like.
[0161] FIG. 14 is a block diagram illustrating a config-
uration example of a search system 10 according to a
second embodiment.
[0162] The search system 10 according to the second
embodiment includes a database input unit 51 in a user
interface 5, and holds user-side material property param-
eter relationship information 61 input from a user-side
database 50 in a user information storage unit 6.
[0163] In the second embodiment, the relationship da-
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ta between the material property parameters held on the
system side and the relationship data between the ma-
terial property parameters defined in the user-side ma-
terial property parameter relationship information 61 are
integrated to generate the graph 3.
[0164] Here, the "system-side" refers to a configuration
that can be used by a wide range of a plurality of users
without any limitation to a specific user, while the "user-
side" is a configuration to be used only by a specific user
or a user group.
[0165] Material property parameter pairs about the re-
lationship data among the material property parameters
held on the system side, which are defined in the material
property parameter relationship database 1, are referred
to as first parameter pairs, and material property param-
eter pairs defined in the user-side material property pa-
rameter relationship information 61 held in the user in-
formation storage unit 6 are referred to as second pa-
rameter pairs. The graph 3 generated by the graph gen-
erator 2 is a graph in which a plurality of material property
parameters included in either of the first or the second
parameter pairs are nodes, and in between the nodes
corresponding to the second parameter pairs in addition
to the first parameter pairs are edges.
[0166] In this manner, the relationship information
among the material property parameters that users
uniquely have can be utilized effectively.
[0167] An example is a case in which there is no
change in the number and the type of nodes in the graph
generated from the material property parameter pair for
the relationship data between the material property pa-
rameters held on the system side, but an edge is added.
Since a pair of material property parameters that has not
been known on the system side is described in the user-
side material property parameter relationship information
61, an edge corresponding to the relationship is added
to the graph 3.
[0168] FIG. 15 is an explanatory diagram illustrating
an example of a graph (a directed graph) to which an
edge has been added by user data. When the graph il-
lustrated in FIG. 4 is a graph obtained from the system-
side material property parameter relationship information
on the system side, a bidirectional edge (indicated by a
thick bidirectional arrow in FIG. 15) is added between the
node E and the node G.
[0169] FIG. 16 is an explanatory diagram illustrating
an example of a path search result of a graph to which
edges have been added by user data (FIG. 15). Com-
pared with the search result (FIG. 6) before the edge is
added, the new paths [A-D-E-G-H] and [A-D-E-G-I-K-J-
L-H] are extracted as search results.
[0170] Further, an example is a case in which a new
node is added to a graph generated from material prop-
erty parameter pairs for relationship data between ma-
terial property parameters held on the system side. Since
a material property parameter pair that has not been
known on the system side is described in the user-side
material property parameter relationship information 61,

an edge corresponding to the relationship is added to the
graph 3.
[0171] FIG. 17 is an explanatory diagram illustrating
an example of a graph (a directed graph) to which a sub-
graph including new nodes and new edges has been
added by user data. When the graph illustrated in FIG.
4 is a graph obtained from the system-side material prop-
erty parameter relationship information (system-side
graph), the nodes N, O and P (indicated by double line
circles in FIG. 17) and their mutual bidirectional edges
therebetween and edges between the nodes N, O and
P and the nodes B, E, G and H of the system-side graph
are added.
[0172] FIG. 18 is an explanatory diagram illustrating
an example of a path search result of a graph (FIG. 17)
to which a subgraph including new nodes and edges has
been added by user data. Compared with the search re-
sult before the subgraph is added (FIG. 6), the paths[A-
D-E-O-P-G-H], [A-D-E-O-P-G-C-M-J-L-H], [A-D-E-O-N-
P-G-H] and [A-D-E-O-N-P-G-C-M-J-L-H] are newly ex-
tracted as search results.
[0173] Similarly, new search results can be extracted
when an edge is added to the undirected graph of FIG.
5 and when a subgraph including a node and an edge is
added.
[0174] The new graph which has been changed by the
user data is set to be a search target of the graph searcher
4 only by the user or other users (user group) authorized
by the user. Here, the new graph may be generated and
temporarily retained only during the period when the user
belonging to the user group is logged in or, once created,
it may be retained semi-permanently to be managed for
each user group. Further, the same user may be able to
input various types of user data as user-side material
property parameter relationship information.
[0175] For example, when the user-side material prop-
erty parameter relationship information 61 includes sec-
ond parameter pairs that are not specified in the system-
side material property parameter relationship database
1, a rationale for a causal relationship of the second pa-
rameter pairs can be found.
[0176] A more specific example will be provided.
[0177] FIG. 19 is an explanatory diagram illustrating
an aspect in which the user-side database 50 and the
system-side database 1 are integrated. The system-side
database 1 corresponds to the material property param-
eter relationship database 1 of FIG. 14, and is represent-
ed as the graph 3.
[0178] The user has empirically obtained experimental
data indicating that products are prone to peeling at high
humidities, and this relationship is held in the user-side
database 50 with "humidity" and "peeling" as a parameter
pair.
[0179] The system-side database 1 contains "water
vapor pressure" corresponding to "humidity" and "adhe-
sion" corresponding to "peeling" as the nodes of the ma-
terial property parameters, but there is no edge between
the "water vapor pressure" node and the "adhesion"
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node. This means that, in the material property parameter
relationship database 1, a direct relationship between
"water vapor pressure" and "adhesion" has not been rec-
ognized.
[0180] In order to integrate the user-side database 50
and the system-side database 1, correspondence be-
tween the material property parameter names is first to
be clarified. Here, "humidity" on the user side and "water
vapor pressure" on the system side, and "peeling" on the
user side and "adhesion" on the system side are to be
integrated as material property parameters having the
same meaning, respectively. Such association of the ma-
terial property parameter names may be conducted man-
ually, or may be executed by the search system 10
equipped with a function of matching the material prop-
erty parameters as described in a third embodiment be-
low.
[0181] When the user-side database 50 and the sys-
tem-side database 1 are integrated in this example, a
graph to which an edge has been added between the
"water vapor pressure" (synonymous with "humidity")
node and the "adhesion" (synonymous with "peeling")
node is generated. The added edge is illustrated by a
dashed line in FIG. 19. This is because the corresponding
relationships are only empirically obtained from the ex-
perimental data, so the reliability information "empirical"
is used as the edge, as described as an attribute of an
edge as described as "an edge with reliability information"
in the first embodiment.
[0182] When a user searches for a path between the
"water vapor pressure" (synonymous with "humidity")
node and the "adhesion" (synonymous with "peeling")
node, a path starting from "water vapor pressure" and
ending at "adhesion" via "adsorption amount," "surface
tension" and "interfacial energy" in this order is extracted
in addition to a path of which direct causal relationship
the user knows empirically. This path represents a causal
relationship explained based on the system-side material
property parameter relationship database 1. For exam-
ple, if the system-side material property parameter rela-
tionship database 1 is based only on the relationships
theoretically explained, the user can find a rationale that
supports the knowledge "the product is likely to peel off
under high humidity" he/she has empirically obtained. By
knowing such a rationale, the user can take measures
to improve the adhesion, that is, to prevent peeling, for
example, by changing the material to one having larger
surface tension. Furthermore, if their relationships are
formulated, the improved adhesion can be estimated
quantitatively.
[0183] In the present embodiment, as an example of
integrating the user-side database 50 and the system-
side database 1, the example of creating the sum to ex-
pand the graph 3 has been mainly described regarding
the graph 3. However, to be created is not necessarily
the sum, and may be a difference set obtained by apply-
ing partial matching or the like.

THIRD EMBODIMENT

<Integration with User-Side Database; Parameter Name 
Matching>

[0184] FIG. 20 is a block diagram illustrating a config-
uration example of a search system 10 according to the
third embodiment.
[0185] In the search system 10 according to the third
embodiment, the database input unit 51 described with
reference to the second embodiment further includes a
material property parameter relationship information ex-
tractor 52, a material property parameter matching unit
53 and a thesaurus 54. Other configurations and opera-
tions are the same as those of the second embodiment
described with reference to FIG. 14, so description there-
of will be omitted.
[0186] The material property parameters about the re-
lationship data among the material property parameters
held on the system side, which are defined in the material
property parameter relationship database 1, are referred
to as first parameters, and the material property param-
eters defined in the user-side material property parame-
ter relationship information 61 held in the user information
storage unit 6 are referred to as second parameters.
[0187] The material property parameter relationship in-
formation extractor 52 extracts the names of a plurality
of second material property parameters (second material
property parameter names) from the user-side database
50. The material property parameter matching unit 53
refers to the thesaurus 54 and collates a plurality of sec-
ond material property parameter names extracted from
the user-side database 50 with a plurality of first material
property parameter names (first material property param-
eter names) stored in the system-side material property
parameter relationship database 1. If they are different,
the material property parameter matching unit 53 chang-
es the second material property parameter names to the
first material property parameter names for the matching
of the names of the material property parameters. The
material property parameter matching unit 53 may be
configured to output the collation result to the user.
[0188] Here, the thesaurus 54 can be created by using,
for example, ontology. Ontology means a formal expres-
sion of knowledge as a set of concepts within a domain
and a relationship between those concepts. Ontology
provides shared terms used for modeling a certain do-
main, i.e., the types of objects and concepts present there
and their characteristics and relationships. Therefore, re-
garding material property parameters that become
nodes, a shared term is assigned to the same meaning
and concept. Another term may be assigned when the
same term is used for different meaning in a different
field, that is, term confusion is occurring. For example,
term confusion may occur with the term "work function."
In a technical field in which a "work function" is supposed
to be a material property parameter that is defined only
with respect to a surface, "a work function of the interface"
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that is to be defined about an interface is sometimes de-
scribed as "effective work function." Further, in the field
in which there is a habit to call an "effective work function"
to be defined simply as a "work function" regarding an
interface, a "work function" in original meaning may be
described as a "vacuum work function." If there is such
term confusion, ontology is effective to handle material
property parameters while giving hither priority to intrinsic
meaning over literal matching/mismatching. For this rea-
son, ontology may be published for each technical field.
[0189] In this manner, the relationship information of
the user-side material property parameters specified by
using material property parameter names different from
that on the system side may be matched with the system-
side material property parameter relationship database
1 by using published or provided ontology.
[0190] In this manner, appearance inconsistency such
as a difference in expression between the relationship
information that users uniquely have among the material
property parameters and the relationship information that
the search system side has as user-independent com-
mon information can be removed, and information users
have can be used more effectively.

FOURTH EMBODIMENT

<Integration with User-Side Database; Collation of Re-
lationship Information>

[0191] FIG. 21 is a block diagram illustrating a config-
uration example of a search system 10 according to the
fourth embodiment. The user interface 5 of the search
system 10 described in the third embodiment (FIG. 20)
further includes a relationship information collator 55.
Other configurations and operations are the same as
those of the third embodiment described with reference
to FIG. 20, so description thereof will be omitted.
[0192] Here, as in the case of the second embodiment,
material property parameter pairs about the relationship
data among the material property parameters held on
the system side, which are defined in the material prop-
erty parameter relationship database 1, are referred to
as first parameter pairs, and material property parameter
pairs defined in the user-side material property parame-
ter relationship information 61 held in the user information
storage unit 6 are referred to as second parameter pairs.
[0193] The relationship information collator 55 collates
relationship information between a first parameter pair
defined in the system-side material property parameter
relationship database 1 and a second parameter pair de-
fined in the user-side database 50 regarding the same
pair of the material property parameter as that of the first
parameter pair, and outputs a collation result.
[0194] In this manner, the user can verify correctness,
completeness, etc. of the relationship information among
the material property parameters he/she uniquely has.
[0195] The collation result is expected to be exactly
the same if the relationship is related to the same pairs

of material property parameters. However, it is highly
possible that the material property parameter relation-
ships on the system side are defined under exhaustive
conditions while the relationships defined in the user-side
database 50 are defined under conditions within the
range required by the user. For example, a material prop-
erty parameter pair may have a positive correlation co-
efficient (a direct proportional relationship) under a cer-
tain condition and a negative correlation coefficient (an
inverse proportional relationship) under another condi-
tion. The relationship between the material property pa-
rameters on the system side is defined with the first pa-
rameter pair being associated with a conditional edge in
order to exhaustively define the relationship. On the other
hand, the second parameter pair is associated with an
unconditional edge because the user is only interested
in the characteristics under one of the conditions, or only
the experimental data under that condition has been col-
lected, and so on. In this manner, edges with or without
conditions may be associated with the same material
property parameter pair.
[0196] The relationship information collator 55 in the
fourth embodiment outputs, as a collation result, a differ-
ence regarding presence or absence of conditions about
relationship information between the first parameter pair
defined in the system-side material property parameter
relationship database 1 and the second parameter pair
defined in the user-side database 50. In the above ex-
ample, the relationship information collator 55 can detect
that presence or absence of a condition differs between
the system-side database and the user-side database
regarding the above-described material property param-
eter pair and output a detection result.
[0197] In this manner, the user can notice that the sec-
ond parameter pair exhibits a relationship different from
that specified in the user-side database 50 under certain
conditions. Even if the user already has such knowledge,
the present invention is useful in that the user can confirm
that such knowledge is correct.
[0198] A more specific example will be provided.
[0199] FIG. 22 is an explanatory diagram illustrating
an aspect in which a user-side database 50 is being col-
lated with a system-side database 1. The system-side
database 1 corresponds to the material property param-
eter relationship database 1 of FIG. 14, and is represent-
ed as the graph 3.
[0200] The user empirically has experimental data
(chart in the figure) illustrating that the Vickers hardness
of transition metal carbides has a negative correlation
with the melting point. The relationship is held in the user-
side database 50 as a relationship with the "melting point"
and the "Vickers hardness" as a parameter pair.
[0201] In this example, the relationship information col-
lator 55 collates the relationship information about the
pair of the "melting point" and the "Vickers hardness,"
and outputs a path between the node "melting point" to
the node "Vickers hardness" stored in the system-side
database 1 as a collation result. The output path is, for
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example, as follows.

(1) A path is from "melting point" to "Vickers hard-
ness" via "bonding potential depth" and "tensile
strength."
(2) A path in which an edge from "melting point" to
"depth of bond potential" is conditional on "a sub-
stance consisting of one type of bond has propor-
tional relationship (positive correlation)."
(3) A path in which an edge from "depth of bond
potential" to "tensile strength" is conditional on "if
substance does not show superplasticity."
(4) A path in which an edge from "tensile strength"
to "Vickers hardness" is conditional on " transition
metal carbide has proportional relationship (positive
correlation)."

[0202] Since the experimental data he/she has is about
the transition metal carbide, the user can know that the
above conditions (3) and (4) are satisfied, but the condi-
tion (2) is not satisfied from this collation result. That is,
since "transition metal carbide" is not "a substance con-
sisting of one kind of bond," it is noticed that the relation-
ship from "melting point" to "depth of bond potential" does
not always have a positive correlation.
[0203] Further, although not illustrated in FIG. 22, if the
system-side database 1 contains data representing the
relationship as illustrated in FIGS. 23 and 24, an envi-
ronment that enables the user to more deeply examine
the data can be provided. FIG. 23 is experimental data
(chart) illustrating that the Vickers hardness of pure metal
has a positive correlation with its melting point. FIG. 24
is experimental data (chart) illustrating that the Vickers
hardness of transition metal carbide has a negative cor-
relation with a melting point of metal composing the
same.
[0204] In a material composed of one type of bond such
as pure metal, the depth and the melting point of binding
energy have a positive correlation, the binding energy
and the Vickers hardness have a positive correlation, and
the melting point and the Vickers hardness have a pos-
itive correlation as illustrated in FIG. 23. In the transition
metal carbides, the melting point and the Vickers hard-
ness have a negative correlation therebetween as shown
in the experimental data held by the user (FIG. 22). This
is considered to be because the bond potential depth and
the Vickers hardness are in a positive relationship while
the melting point and the bond potential are not in a pos-
itive relationship in the transition metal carbide. Further,
it is known that the melting point of the transition metal
carbide is determined almost by the melting point of the
constituent transition metal and, since the Vickers hard-
ness has a negative correlation with the melting point of
the constituent transition metal as illustrated in FIG. 24,
the reason why there is a negative correlation between
the melting point and the Vickers hardness in the transi-
tion metal carbide is explained as follows.
[0205] This is because there are two types of bonds in

transition metal carbide: a transition metal-carbon bond
and a bond between transition metals, and the melting
point is determined by the potential depth of a bond be-
tween transition metals, while the Vickers hardness is
determined by the potential depth of a transition metal-
carbon bond. In this system, since the potential depth of
the bond of the entire system is determined by the po-
tential depth of the transition metal-carbon bond, the
"positive relationship between the melting point and the
bond potential" that are established in pure metals is not
adopted.
[0206] In this manner, by collating the user-side data-
base with the system-side database 1 (the material prop-
erty parameter relationship database 1 in FIG. 14), the
user can be provided with a new finding, from which
he/she can obtain new knowledge. If the user can find
the relationship in FIG. 24 as a new knowledge in the
above example, it is possible to identify the transition
metal carbide having a desired Vickers hardness by ap-
propriately selecting the type of the constituent transition
metal. This has extremely high industrial benefit in that
the optimum material can be selected without experimen-
tation.
[0207] The collation between the system-side data-
base and the user-side database described in the third
and fourth embodiments is not executed under the pre-
condition of subsequent integration of these databases.
That is, only collation of the databases may be executed,
but the graphs do not necessarily have to be integrated,
or a path search in the graphs does not necessarily have
to be executed. Further, it may be configured to be ca-
pable of outputting a difference set of graphs or a sub-
graph as a collation result.

<Search Method for Integration/Collation with User-Side 
Database>

[0208] As described above, the search system 10 of
the present invention described in the second to fourth
embodiments can be constructed to function as software
on a hardware system including a storage device and a
computer as described with reference to FIG. 2 in the
"hardware/software implementation" of the first embodi-
ment. Therefore, the invention can be regarded as a
search method using a hardware system equipped with
a storage device and a computer.
[0209] FIG. 25 is a flowchart illustrating a configuration
example of the search method according to the second
to fourth embodiments.
[0210] The search method according to the second to
fourth embodiments includes a graph generation step
(S2) in which a graph (reference numeral 3 in FIG. 1) is
generated from the material property parameter relation-
ship database (reference numeral 1 in FIG. 1) input in
the input step (S1), and a graph search step (S3), and is
configured as follows.
[0211] The material property parameter relationship
database (1) stores a plurality of parameter pairs of ma-

31 32 



EP 3 825 867 A1

18

5

10

15

20

25

30

35

40

45

50

55

terial property parameters having mutual relationships
as described in the first to fourth embodiments. These
parameter pairs are referred to as first parameter pairs.
In the graph generation step (S2), a graph (3) in which a
plurality of material property parameters included in this
first parameter pair are nodes and in between the nodes
corresponding to the parameters is an edge is generated.
In the graph search step (S3), the graph (3) is searched
based on a search condition (including a query) provided
in the search condition input step (S4).
[0212] The search method according to the second to
fourth embodiments further includes a user-side data-
base input step (S5).
[0213] In the user-side database input step (S5), sec-
ond parameter pairs is extracted from the input user-side
database and stored in the user information storage unit
(S8) for each user identified based on the user identifi-
cation information. Here, the second parameter pair is a
pair of material property parameters stored in the user-
side database and having a relationship with each other.
The user is not limited to a single person, and may be a
user group consisting of a plurality of people.
[0214] In this manner, knowledge of relationship infor-
mation among material property parameters the users
tangibly and intangibly have can be utilized effectively.
[0215] In the above search method, in the graph gen-
eration step (S2), the second parameter pairs extracted
from the user-side database are integrated in addition to
the plurality of first parameter pairs stored in the material
property parameter relationship database to generate
the graph (3). That is, the generated graph (3) is a graph
in which a plurality of material property parameters in-
cluded in either of the first or the second parameter pairs
are nodes, and in between the nodes corresponding to
the second parameter pairs in addition to the first param-
eter pairs are edges.
[0216] In this manner, the relationship information
among the material property parameters that users
uniquely have can be utilized effectively.
[0217] The above-described search method may fur-
ther include a material property parameter relationship
information extraction step (S6) and a material property
parameter matching step (S7).
[0218] In the material property parameter relationship
information extraction step (S6), a plurality of second ma-
terial property parameter names are extracted from the
user-side database. In the material property parameter
matching step (S7), the material property parameter
names are matched with reference to the thesaurus. For
example, in the material property parameter matching
step (S7), the second material property parameter names
are collated with the first material property parameter
names, and if they are different, the second material prop-
erty parameter name is changed to the first material prop-
erty parameter name.
[0219] In this manner, appearance inconsistency such
as a difference in expression between the relationship
information that users uniquely have among the material

property parameters and the relationship information that
the search system side has as user-independent com-
mon information can be removed, and information users
have can be used more effectively.
[0220] It is more preferable that the above search
method further includes a relationship information colla-
tion step (S9).
[0221] In the relationship information collating step
(S9), pieces of relationship information about the same
pair of material property parameters are collated between
the first parameter pairs and the second parameter pairs,
and collation results are output (S11).
[0222] In this manner, users can verify correctness,
completeness, etc. of the relationship information among
the material property parameters they uniquely have.

FIFTH EMBODIMENT

<Maintenance and Management of Search History>

[0223] User data input from the user input illustrated
in FIG. 1 may be relationship information among material
property parameters found by the user through experi-
ments or the like.
[0224] FIG. 26 is a block diagram illustrating a config-
uration example of a search system 10 according to the
fifth embodiment.
[0225] The search system 10 according to the fifth em-
bodiment includes a search interface 56 and a search
history manager 57 in the user interface 5. In order to
execute a series of searches in the graph searcher 4, the
search conditions input through the search interface 56
are held in the user information storage unit 6 as the
search history 62 via the search history manager 57. The
search history 62 may include not only the search con-
ditions but search results corresponding thereto.
[0226] The user can refer to the search history 62, held
in the user information storage unit 6, via the user inter-
face 5.
[0227] In this manner, the user can manage his/her
own search history. For example, the user can refer to
the searches conducted in the past and have the referred
searches be reflected in the future search policy. The
user can refer not only to the history of searches con-
ducted by himself/herself but to the history of searches
conducted by other users in the past. For example, the
search history manager 57 may be provided with a means
for managing each user, as to whether other users are
authorized or which user is authorized to refer to the us-
er’s own search history.

SIXTH EMBODIMENT

<Analysis of Search History>

[0228] In the search system 10 of the fifth embodiment
illustrated in FIG. 26, the user interface 5 may further
include a search history analyzer 58. Other configura-
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tions and operations are the same as those of the fifth
embodiment described with reference to FIG. 26, so de-
scription thereof will be omitted.
[0229] The search history analyzer 58 analyzes the
search history 62 held in the user information storage
unit 6 and presents reference information to users as
analysis results. For example, when a user tries to con-
duct a search that had already been executed in the past,
the search history analyzer 58 warns the user about the
fact that the search had been executed.
[0230] In this manner, the user can obtain knowledge
from his/her own search history and use the knowledge
in his/her future searches.
[0231] The search history analyzer 58 can further be
provided with a machine learning function. For example,
the search history analyzer 58 can infer the user’s search
target by conducting machine learning in the search his-
tory, and provide the user with a search condition such
as a recommended query and a search range as refer-
ence information.
[0232] Here, the search history to be searched is lim-
ited to the search history by the user when inferring the
search target of the user, but in order to learn the univer-
sal search tendency, search histories of other users may
be targeted. Although it is not a technical issue, in practice
it is necessary to obtain consent from each user to use
the user’s search history for the purpose of learning a
universal search tendency.
[0233] By referring to search histories of other users
in other technical fields, it is possible to obtain search
conditions such as a recommended query and a recom-
mended search range by inference with higher accuracy.
This is because the mathematical formulas that define
the relationships between material property parameters
may be in exactly the same or very similar form when
defining relationships between completely different ma-
terial property parameters in completely different techni-
cal fields. Since the relationships defined by mathemat-
ical formulas of exactly the same format have the same
topology in graphs, search software using algorithms
based on graph theory can be used.
[0234] More specific embodiments will be described.

<Use of User’s Own Search History>

[0235] When a user conducts a search, the search sys-
tem 10 refers to the search history of that user and outputs
reference information that can provide notice to the user.
Here, the user may be an individual or, for example, a
user group engaged in the same research theme. The
reference information may be in any output form, such
as display of search results, path information, or sub-
graph data.

(1) When the search for a path starting from node A
and ending at node B and having the path length
equal to or shorter than a predetermined length n
(the query 4 "search paths from A to B within n paths"

in FIG. 8) is executed, the search system 10 refers
to the search history in which the same start point
and the same end point were specified, and outputs
a difference between the search results and the re-
sult of the current search as reference information.
The queries of the search history suitable for refer-
ence are, for example, query 1 "search paths from
A to B"), query 2 "search paths from A to B including
D in the paths"), query 3 "search paths from A to B
excluding D in the paths"), query 4 "search paths
from A to B within n paths"), etc. as illustrated in FIG.
8.
By making focus on the paths that have not been
extracted in the past but are extracted in this search
with priority, it is possible to provide the user new
notice.
(2) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
"search paths from A to B [· · ·]") is executed, the
search system 10 refers to the search history for
which the same start point (A) and a different end
point (X) or a different start point (Y) and the same
end point (B) are specified. A common path of these
search results and the current results, an uncommon
path, or a sum graph of a path of the search result
is output as reference information.
By showing the user commonality and differences
between the paths for which different start points or
different end points are specified and have been
searched for in the past, it is possible to provide an
opportunity to confirm or review the search policy.
(3) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
"search paths from A to B [· · ·]") is executed, the
search system 10 refers to the history of the search
for which the end point (B) is specified as the start
point (for example, the queries 1 to 4 "search paths
from B to Z [· · ·]" illustrated in FIG. 8) and/or the path
around the end point (B) (for example, the query 5
"search paths around B within m paths" illustrated in
FIG. 8. A common path of these search results and
the current results, an uncommon path, or a sum
graph of a path of the search result is output as ref-
erence information.
In this manner, a new start point candidate or an end
point candidate that the user has not noticed can be
presented to the user, which encourages the user to
have new notice.
(4) When search of a path of a length of m1 nodes
or shorter around node M (for example, the query 5
"search paths around M within m1 paths" illustrated
in FIG. 8) is executed, the search system 10 refers
to the search history of the path of which length is
shorter than or equal to mi nodes (different from m1)
around the same node M, and outputs the search
result of the history and/or the difference obtained
by subtracting the path which is the search result of
the history from the path which is the current search
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result as reference information.
By making focus on the paths that have not been
extracted in the past but are extracted in this search
with priority, it is possible to provide the user new
notice.
(5) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
"search paths from A to B [· · ·]") is executed, the
search system 10 outputs the search history that
shares many of the search results and paths as ad-
ditional information. It is possible to discover a start
point node A’ and an end point node B’ having dif-
ferent start and target material properties from those
of the start point A and the end point B while passing
through similar material properties. This can encour-
age the user to think of replacing A with A’, replacing
B with B’, and so on.
(6) When search of a path of a length of m1 node or
shorter around node M (for example, the query 5
"search paths around M within m1 paths" illustrated
in FIG. 8) is executed, the search system 10 outputs
a subgraph of the search result and a search history
having a subgraph of a similar shape as a graph as
reference information.

[0236] In this manner, a function to present a group of
material property parameters having a certain relation-
ship with the material properties searched by the user in
the past to the user as an alternative can be provided.
[0237] For example, the same mathematical formula
may theoretically explain the relationship between com-
pletely different material properties in a completely dif-
ferent field. Regarding a relationship that are not yet the-
oretically explained in the field the user is searching, if
the user find that the relationship is similar to a relation-
ship between other material properties in other fields,
he/she can hypothesize that the relationship can be ex-
plained with the same mathematical formula. It is expect-
ed that users will be encouraged to notice something by
being presented a group of material properties having
similar relationships, if there is no extreme hypothesis of
"explaining with the same mathematical formula."

<Use of Search History of Other Users>

[0238] When a user conducts a search, the search sys-
tem 10 refers to the search history of not only that user
but those of other users and outputs reference informa-
tion that can provide the user notice.

(1) When the search for a path starting from node A
and ending at node B and having the path length
equal to or shorter than a predetermined length n
(the query 4 "search paths from A to B within n paths"
in FIG. 8) is executed, the search system 10 refers
to the search history of other users who specified
the same start point and the same end point, and
outputs the path most selected or the least selected

by other users as reference information.
(2) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
"search paths from A to B [· · ·]") is executed, the
search system 10 refers to the search history of other
users who specified the same start point A and dif-
ferent end points (X) and/or specified different start
points (Y) and the same end point (B). Then, the
search system 10 outputs the different end points
(X1) most selected by other users, the most selected
different start points (Y1), the least selected different
end points (X2) and the least selected different start
points (Y2) as reference information. Further, the
path that is the search result from the start point A
to the end point B executed by the user himself/her-
self, a common path and an uncommon path with
the search history of other users, a sum graph con-
sisting of two paths, and so on may be output as
reference information. Here, as the paths by the
search history of other users are, for example, the
path from the start point A to the end point (X1) most
selected by other users, the path from the start point
A to the end point (X2), which is the least selected
by other users, the path from the start point (Y1) to
the end point (B), which is the most selected by other
users, the path from the start point (Y2) to the end
point (B), which is the least selected by other users,
and so on.
(3) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
"search paths from A to B [· · ·]") is executed, the
search system 10 refers to the history of the search
of other users for which the end point (B) is specified
as the start point (for example, the queries 1 to 4
"search paths from B to Z [· · ·]" illustrated in FIG. 8)
and/or the path around the end point (B) (for exam-
ple, the query 5 "search paths around B within m
paths" illustrated in FIG. 8, and outputs the search
range of other users as reference information. In ad-
dition, the end point (Z1) most searched by other
users, the end point (Z2) having the least number of
search histories, a node (Z3) that has not been
searched for as an end point while being within the
search range this time and in the past, and so on
may further be output as reference information.
(4) When search of a path of a length of m1 nodes
or shorter around node M (for example, the query 5
"search paths around M within m1 paths" illustrated
in FIG. 8) is executed, the search system 10 refers
to the search history by other users of the path of
which length is shorter than or equal to mi nodes
(different from m1) around the same node M, and
can output a list of the most searched search formu-
las, the least frequently searched search formulas,
or the like, and the difference from the current search
result as reference information.
(5) When the search for a path starting from node A
and ending at node B (the queries 1 to 4 in FIG. 8,
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"search paths from A to B [· · ·]") is executed, the
search system 10 outputs the search history by other
users that shares many of the search results and
paths as additional information. It is possible to dis-
cover a start point node A’ and an end point node B’
having different start and target material properties
from those of the start point A and the end point B
while passing through similar material properties.
This can encourage the user to think of replacing A
with A’, replacing B with B’, and so on.
(6) When search of a path of a length of m1 node or
shorter around node M (for example, the query 5
"search paths around M within m1 paths" illustrated
in FIG. 8) is executed, the search system 10 outputs
search histories by other users having a subgraph
of the search result and a subgraph of a similar shape
as a graph as reference information.

[0239] In this manner, a function to present a group of
material property parameters having a certain relation-
ship with the material properties searched by other users
in the past to the user as an alternative can be provided.

<Search Method for Using User’s Search History by Re-
taining, Managing and Analyzing>

[0240] As described above, the search system 10 of
the present invention described in the fifth and sixth em-
bodiments can be constructed to function as software on
a hardware system including a storage device and a com-
puter as described with reference to FIG. 2 in the "hard-
ware/software implementation" of the first embodiment.
Therefore, the invention can be regarded as a search
method using a hardware system equipped with a stor-
age device and a computer.
[0241] FIG. 27 is a flowchart illustrating a configuration
example of the search method according to the fifth and
sixth embodiments.
[0242] The search method according to the fifth and
sixth embodiments includes a graph generation step (S2)
in which a graph (reference numeral 3 in FIG. 1) is gen-
erated from the material property parameter relationship
database (reference numeral 1 in FIG. 1) input in the
material property parameter relationship database input
step (S1), and a graph search step (S3), and is configured
as follows.
[0243] The material property parameter relationship
database (1) stores a plurality of parameter pairs of ma-
terial property parameters having mutual relationships
as described in the fifth and sixth embodiments. In the
graph generation step (S2), a graph (3) in which a plurality
of material property parameters included in this param-
eter pair are nodes and in between the nodes corre-
sponding to the parameters is an edge is generated. In
the graph search step (S3), the graph (3) is searched
based on a search condition (including a query) provided
in the search condition input step (S4).
[0244] The search method according to the fifth and

sixth embodiments further includes a search history man-
agement step (S12).
[0245] In the search history management step (S12),
the search conditions provided via the search condition
input step (S4) is stored as the search history in the
search history holder (S13) for each user identified based
on the user identification information. As the search his-
tory, the search results corresponding to the search con-
ditions can also be stored in the search history holder
(S13). The user can refer to the stored search history to
obtain the search history reference result (S14). The
search history is not limited to the user’s own search his-
tory, and the user can refer to the search histories of
other users who gave him/her a permission to do so.
[0246] In this manner, the user can refer to the search
history of himself/herself or other users who authorized
him/her to refer to the search history, and can provide
appropriate feedback to his/her own search policy to im-
prove search efficiency.
[0247] It is more desirable that the above search meth-
od further includes a search history analysis step (S15).
[0248] In the search history analysis step (S15), the
search history held in the search history holder (S13) is
analyzed and an analysis result (S16) is presented to the
user. Specific examples of analysis are as described
above in "Use of user’s own search history" and "Use of
search history of other users."
[0249] In this manner, the user can obtain knowledge
from his/her own search history and use the knowledge
in his/her future searches.

SEVENTH EMBODIMENT

<Material Property Parameter Relationship Information 
Extractor>

[0250] The search system 10 of the first embodiment
illustrated in FIG. 1 may further include a material prop-
erty parameter relationship information extractor 71. The
material property parameter relationship information ex-
tractor 71 extracts information on a material property pa-
rameter pair and a relationship therebetween by deep
learning targeting a natural language such as textbook
documents and articles input as learning data 70, and
supplies the extracted information to the material prop-
erty parameter relationship database 1.
[0251] FIG. 28 is a block diagram illustrating a config-
uration example of a search system 10 according to the
seventh embodiment.
[0252] The search system 10 further includes a mate-
rial property parameter relationship information extractor
71 that extracts material property parameter pairs and
their relationship information from the learning data 70
and supplies them to the material property parameter
relationship database 1. Other configurations and oper-
ations are the same as those of the first to sixth embod-
iments described with reference to FIGS. 1, 10, 11, 14,
20, 21, and 26, so description thereof will be omitted.
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[0253] FIG. 29 is a block diagram illustrating a config-
uration example of the material property parameter rela-
tionship information extractor 71.
[0254] The material property parameter relationship in-
formation extractor 71 may include a learning model gen-
erator 72 and a relationship extractor 75, and may further
include a cleaner 80 to which a corpus 79 is input.
[0255] The learning model generator 72 includes a ma-
terial property name model generator 73 that extracts
material property names from the input learning data 70,
and a relationship expression model generator 74 that
extracts relationship expressions. The material property
name model generator 73 generates a material property
name model as a learning model and supplies the gen-
erated model to the relationship extractor 75. The rela-
tionship expression model generator 74 generates a re-
lationship expression model as a learning model and sup-
plies the generated model to the relationship extractor 75.
[0256] The relationship extractor 75 includes a posi-
tional relationship determiner 78, and extracts a triple
composed of a relationship expression indicating two ma-
terial property names and the relationship therebetween.
Here, "triple" is an expression that means "A and B are
in a relationship C," for example. The relationship extrac-
tor 75 generates a material property name list 76 and a
relationship expression list 77 based on the material
property name model and the relationship expression
model supplied from the learning model generator 72,
and supplies the generated lists to the positional relation-
ship determiner 78. The positional relationship determin-
er 78 extracts a triple from the positional relationship of
the material property name and words of the relationship
expression included in the material property name list 76
and the relationship expression list 77 in the sentence
included in the input learning data 70, and outputs the
extracted triple. A known algorithm such as co-occur-
rence or Word2Vec can be adopted for natural language
processing to determine the positional relationship. "Co-
occurrence" is an algorithm for estimating that two or
more words are closely related to each other when they
appear close to each other in a sentence, and can be
applied to a process for extracting a pair of material prop-
erty parameters having mutual relationship. Since it is
highly possible that words describing the relationship ex-
ist in the vicinity of the two words that are extracted as
having a relationship, the words that represent the rela-
tionship should be further extracted to form a "triple."
"Word2Vec" is an algorithm in natural language process-
ing that the concept of a plurality of words is vectorized
in a multidimensional space and associates the angles
formed by the vectors with the density (high or low) of
the relationship between the two words. This algorithm
is often used in natural language processing. It can be
used in the process of extracting pairs of words that have
a close relationship.
[0257] Since the output data from which a triple is ex-
tracted may include the relationship between events oth-
er than the material property name, the cleaner 80 using

the corpus 79 removes inappropriate data and supplies
the data to the material property parameter relationship
database 1. Here, the corpus is a database in which an-
cillary attributes such as part of speech and syntax are
structured in material property parameters based on a
technical terminology dictionary and the like.
[0258] With the corpus, the management burden of up-
dating the material property parameter relationship da-
tabase 1 can be reduced.
[0259] In the present embodiment, the configuration
example in which the corpus 79 is held in the search
system 10 is described, but it may be supplied from the
outside.
[0260] The output of the cleaner 80 may include the
relationship of the material property parameter pair al-
ready included in the material property parameter rela-
tionship database 1 in duplicate. The search system 10
may further include a verifier that collates the relationship
of the material property parameter pair already included
in the material property parameter relationship database
1 with the relationship of the material property parameter
pair extracted by the material property parameter rela-
tionship information extractor 71, to confirm there is no
inconsistency. In this manner, reliability of the material
property parameter relationship database 1 can be se-
cured.
[0261] The learning data 70 to be input needs to include
document data that defines the material property name
and its relationship, for example, a document such as a
textbook. Textbooks generally contain only the facts that
have been directly and indirectly scrutinized by many ex-
perts and confirmed to be academically true, so possi-
bility that false relationships between material property
parameters are found in material property parameter re-
lationship databases 1 is reduced. Further, the learning
data 70 may include mathematical expressions in addi-
tion to documents in natural language, that is, text data.
The formula should be expressed in a well-known format
such as Math ML On the other hand, in documents such
as textbooks, mathematical formulas are often image da-
ta even if they are provided in pdf with text data. By an-
alyzing the arrangement of variable parameters, func-
tions, operators, equals ("="), etc. from the image data,
the relationship between the variable parameters can be
understood. The variable parameter is represented by a
sign and a symbol, by referring to the correspondence
between the material property name and the sign and
the symbol in the learning data. Therefore, even if the
mathematical formula in the learning data is image data,
the material property name model and the relationship
model can be extracted as learning models from the
mathematical formula.
[0262] The learning data 70 to be input may include
data listing the exact material property names in addition
to the document data defining the material property
names and their relationships. For example, headings in
a terminology dictionary, indices in a data handbook, and
tags in Wikipedia. By setting such learning data to be
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input to the material property name model generator 73,
accuracy and completeness of the generated material
property name list 76 are improved, and the quality of
the learning model is improved. Further, instead of auto-
mating all of the learning model generation, the learning
model created manually may be input to the material
property parameter relationship information extractor 71.
Hereinafter, some modifications will be described.

< First Modification >

[0263] In addition to the learning data of natural lan-
guage such as a textbook document or an article, the
material property names and the relationship expres-
sions manually extracted from the textbook document
may be input to the learning model generator 72 as further
learning data. By performing named entity recognition,
the learning model generator 72 can learn a pattern in
which the manually extracted material property names
and the relationship expressions appear in the natural
language in the learning data, further extract other ma-
terial property names and relationship expressions, and
generate a learning model of the material property name
model and the relationship model.

< Second Modification >

[0264] The material property name model generator
73 may be omitted from the learning model generator 72,
and the material property names manually extracted from
a material property name dictionary, a textbook docu-
ment, etc. may be directly input as the material property
name list 76 of the relationship extractor 75 instead. Al-
though it is not possible to further extract material prop-
erty names other than those extracted and from diction-
aries, etc. and input, there is no risk of erroneously ex-
tracting words other than material property names,
whereby reducing or eliminating processing load of the
corpus 79 and the cleaner 80.

< Third Modification >

[0265] The entire learning model generator 72 may be
omitted and, instead, the material property names and
their relationships manually extracted from textbook doc-
uments and the like can be directly input to the positional
relationship determiner 78 as learning data. Further, a
textbook document, an article, or other documents de-
scribing material properties can be vectorized and direct-
ly input to the positional relationship determiner 78 as
word vectors.
[0266] In the learning data obtained by manually ex-
tracting material property names and their relationships,
by categorizing the relationships into "proportional," "in-
verse proportional," "exponential," "logarithmic," "square
proportional," "monotonically increasing (qualitative re-
lationship)," "monotonically decreasing (qualitative rela-
tionship)," and so on to some extent, burden of manually

extracting learning data in advance can be reduced, and
processing load of the relationship extractor 75 can be
reduced. On the other hand, even if an expression dif-
ferent from those clearly defined as the above-described
type is used in the textbook document to be processed
by the relationship extractor 75, the relationship cannot
be extracted as relationship information unless further
processing such as named entity recognition is added.
By inputting a word vector based on a textbook document
or the like to the positional relationship determiner 78, it
is possible to complementarily extract relationships with
expressions different from the above types.
[0267] Also in this modification, the risk of erroneously
extracting words other than the material property name
is reduced, whereby reducing or eliminating processing
load on the corpus 79 and the cleaner 80.

< Search Method Including Material Property Parameter 
Relationship Information Extraction Process >

[0268] As described with reference to FIG. 2 in the
"hardware/software embodiment" of the first embodi-
ment, the search system 10 of the invention described
in the seventh embodiment can be constructed to func-
tion as software on a hardware system including a stor-
age device and a computer. Therefore, the present in-
vention can be regarded as a search method using a
hardware system equipped with a storage device and a
computer.
[0269] FIG. 30 is a flowchart illustrating a configuration
example of the search method according to the seventh
embodiment.
[0270] The search method according to the seventh
embodiment includes a graph generation step (S2) in
which a graph (reference numeral 3 in FIG. 1) is gener-
ated from the material property parameter relationship
database (reference numeral 1 in FIG. 1) input in the
material property parameter relationship database input
step (S1), and a graph search step (S3), and is configured
as follows.
[0271] The material property parameter relationship
database (1) stores a plurality of parameter pairs of ma-
terial property parameters having mutual relationships
as described in the first to sixth embodiments. In the
graph generation step (S2), a graph (3) in which a plurality
of material property parameters included in this param-
eter pair are nodes and in between the nodes corre-
sponding to the parameters is an edge is generated. In
the graph search step (S3), the graph (3) is searched
based on a search condition (including a query) provided
in the search condition input step (S4).
[0272] The search method according to the seventh
embodiment further includes a learning model genera-
tion step (S21) and a relationship extraction step (S24).
[0273] The learning model generator (S21) generates
a material property name model and a relationship ex-
pression model as learning models (S22, S23) from sup-
plied learning data (S20) and supplies the generated
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models to the relationship extraction step (S24).
[0274] In the relationship extraction step (S24), docu-
ment data in natural language is input from the learning
data (S20). In the relationship extraction step (S24), a
triple is extracted by using a material property name list
created from the material property name model and a
relationship expression list created from the relationship
expression model, and based on the positional relation-
ship among the material property names and the rela-
tionship expression in the input document data. The triple
includes two material property names corresponding to
a material property parameter pair having a causal rela-
tionship and a relationship expression representing the
relationship therebetween. The triple is then output as
output data.
[0275] In this search method, the contents of the ma-
terial property parameter relationship database (1) are
updated with the output data.
[0276] In this manner, management burden of updat-
ing the material property parameter relationship data-
base (1) can be reduced.
[0277] It is more preferable that the above search
method further includes a cleaning step (S25) in which
a corpus is input.
[0278] In the cleaning step (S25), triples that are de-
termined not to indicate the relationship between the ma-
terial property parameter pairs are removed based on
the corpus from the triples extracted in the relationship
extraction step (S24) to obtain the output data.
[0279] In this manner, management burden on the data
reliability when updating the material property parameter
relationship database (1) can be reduced.
[0280] While the invention made by the inventor has
been particularly described with respect to the embodi-
ments thereof, the invention is not limited thereto and
other changes may be made therein without departing
from the spirit and scope of the invention.

INDUSTRIAL APPLICABILITY

[0281] The present invention relates to a search sys-
tem and a search method using a database, and more
particularly, the invention is capable of being suitably
used for searching for a relationship among a plurality of
material property parameters.

EXPLANATION OF SIGN

[0282]

1 Material property parameter relationship database
2 Graph generator
3 Graph
4 Graph searcher
5 User interface
6 User information storage unit
7 Condition extractor
8 Path evaluator

9 Priority determiner
10 Search system
11 Input form of material property parameter rela-
tionship database
12 Input form for describing attributes of nodes
50 User-side database
51 Database input unit
52 Material property parameter relationship informa-
tion extractor
53 Material property parameter matching unit
54 Thesaurus
55 Relationship information collator
56 Search interface
57 Search history manager
58 Search history analyzer
61 User-side material property parameter relation-
ship information
62 Search history
70 Learning data
71 Material property parameter relationship informa-
tion extractor
72 Learning model generator
73 Material property name model generator
74 Relationship expression model generator
75 Relationship extractor
76 Material property name list
77 Relationship expression list
78 Positional relationship determiner
79 Corpus
80 Cleaner
100 Server
110, 120 Workstation
101, 111, 121 Calculator
102, 112, 122 Storage Device
103, 113, 123 Network interface
104, 114, 124 Input unit
105, 115, 125 Display unit
200 Network

Claims

1. A search system comprising a database, a graph
generator and a graph searcher, wherein:

the search system further comprises a user in-
terface and a user information storage unit;
the database stores a plurality of parameter
pairs of material property parameters having
mutual relationships;
the graph generator is configured to be capable
of generating a graph in which a plurality of ma-
terial property parameters included in the pa-
rameter pair are nodes and in between the
nodes corresponding to the parameter pair is an
edge;
the graph searcher is configured to be capable
of searching the graph based on a provided
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search condition via the user interface and out-
putting a search result; and
the user interface is configured to be capable of
making the user information storage unit hold
data input from a user for each user identified
based on user identification information.

2. The search system according to claim 1, wherein:

the database is a first database;
the parameter pair is a first parameter pair;
the user interface further includes a database
input unit to which a second database can be
input;
the database input unit is configured to be ca-
pable of extracting, as a second parameter pair,
a pair of material property parameters having a
mutual relationship from the second database,
and making the second parameter pair and its
relationship information be held by the user in-
formation storage unit;
the graph generated by the graph generator is
a graph in which a plurality of material property
parameters included in either of the first or the
second parameter pair are nodes, and in be-
tween the nodes corresponding to the second
parameter pair in addition to the first parameter
pair are edges.

3. The search system according to claim 2, wherein:

the database input unit further includes a mate-
rial property parameter relationship information
extractor, a material property parameter match-
ing unit, and a thesaurus;
the material property parameter relationship in-
formation extractor is configured to be capable
of extracting a plurality of second material prop-
erty parameter names from the second data-
base;
the material property parameter matching unit
is configured to be capable of referring to the
thesaurus, collating the plurality of second ma-
terial property parameter names with plurality of
first material property parameter names stored
in the first database, and, if they are different,
changing the second material property param-
eter name to the first material property param-
eter name so that the material property param-
eter names are matched with each other.

4. The search system according to claim 3, wherein:

the user interface further comprises a relation-
ship information collator; and
the relationship information collator is config-
ured to be capable of collating relationship in-
formation about a pair of the same material prop-

erty parameters between the first parameter pair
and the second parameter pair and outputting a
collation result.

5. The search system according to claim 1, wherein:

the user interface further includes a search in-
terface and a search history manager;
the search interface is configured to be capable
of inputting a search condition specified by the
user to the graph searcher and outputting a
search result output from the graph searcher to
the user;
the search history manager is configured to be
capable of holding at least a search condition
among search conditions and corresponding
search results in the user information storage
unit as a search history; and
the user interface is configured so that the user
can refer to the search history held in the user
information storage unit.

6. The search system according to claim 5, wherein:

the user interface further includes a search his-
tory analyzer; and
the search history analyzer is configured to be
capable of analyzing the search history held in
the user information storage unit and presenting
an analysis result to the user.

7. The search system according to claim 1, further com-
prising a material property parameter relationship in-
formation extractor, wherein:

the material property parameter relationship in-
formation extractor includes a learning model
generator and a relationship extractor;
the learning model generator generates a ma-
terial property name model and a relationship
expression model as learning models from sup-
plied learning data and supplies the generated
leaning models to the relationship extractor;
the learning data includes document data that
defines material property names and their rela-
tionships; the relationship extractor, to which
document data is input, extracts, by using a ma-
terial property name list created from the mate-
rial property name model and a relationship ex-
pression list created from the relationship ex-
pression model, a triple including two material
property names corresponding to a pair of ma-
terial property parameters having a causal rela-
tionship and a relationship expression repre-
senting the relationship based on a positional
relationship among the material property names
and the relationship expression in the input doc-
ument data, and outputs the triple as output da-
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ta; and
the search system updates contents of the da-
tabase with the output data.

8. The search system according to claim 7, wherein:

the material property parameter relationship in-
formation extractor further includes a cleaner to
which a corpus is input; and
the cleaner removes, based on the corpus, tri-
ples that are determined not to indicate relation-
ship between material property parameter pairs
from the triples extracted by the relationship ex-
tractor to obtain the output data.

9. A search method comprising a graph generation step
of generating a graph from a first database, and a
graph search step, wherein:

the first database stores a plurality of first pa-
rameter pairs of material property parameters
having mutual relationships;
the graph is a graph in which a plurality of ma-
terial property parameters included in the first
parameter pair are nodes and in between the
nodes corresponding to the first parameter pair
is an edge;
in the graph search step, the graph is searched
under a provided search condition;
the search method further comprises a data-
base input step;
in the database input step, second parameter
pairs are extracted from input second database
and stored in a user information storage unit for
each user identified based on user identification
information,
the second parameter pair being a pair of ma-
terial property parameters having mutual rela-
tionships and stored in the second database.

10. The search method according to claim 9, wherein:
the graph generated in the graph generation step is
in which a plurality of material property parameters
included in either of the first or the second parameter
pair are nodes, and in between the nodes corre-
sponding to the second parameter pair in addition to
the first parameter pair is an edge.

11. The search method according to claim 10, further
comprising a material property parameter relation-
ship information extraction step and a material prop-
erty parameter matching step, wherein:

in the material property parameter relationship
information extraction step, a plurality of second
material property parameter names are extract-
ed from the second database; and
in the material property parameter matching

step, a thesaurus is referred to, the plurality of
second material property parameter names are
collated with plurality of first material property
parameter names stored in the first database,
and if they are different, the second material
property parameter name is changed to the first
material property parameter name for the
matching of the names of the material property
parameters.

12. The search method according to claim 10, further
comprising a relationship information collation step,
wherein:
in the relationship information collation step, relation-
ship information for pairs of the same material prop-
erty parameters is collated between the first param-
eter pair and the second parameter pair, and the
collation result is output.

13. A search method comprising a graph generation step
of generating a graph from a database and a graph
search step, wherein:

the database stores a plurality of parameter
pairs of material property parameters having
mutual relationships, and
the graph is a graph in which a plurality of ma-
terial property parameters included in the pa-
rameter pair are nodes and in between the
nodes corresponding to the parameter pair is an
edge,
in the graph search step, the graph is searched
based on search conditions provided in a search
condition input step;
the search method further comprises a search
history management step; and
in the search history management step, at least
a search condition among the search conditions
provided in the search condition input step and
search result corresponding thereto are stored
in a search history holder as a search history for
each user identified based on user identification
information to allow users authorized based on
user identification information to refer to the
search history.

14. The search method according to claim 13, further
comprising a search history analysis step, wherein
in the search history analysis step, the search history
held in the search history holder is analyzed to output
an analysis result.

15. A search method comprising a graph generation step
of generating a graph from a database and a graph
search step, wherein:

the database stores a plurality of parameter
pairs of material property parameters having
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mutual relationships, and
the graph is a graph in which a plurality of ma-
terial property parameters included in the pa-
rameter pair are nodes and in between the
nodes corresponding to the parameter pair is an
edge,
in the graph search step, the graph is searched
under a provided search condition;
the search method further comprises a learning
model generation step and a relationship extrac-
tion step;
the learning model generator generates a ma-
terial property name model and a relationship
model as learning models from supplied learn-
ing data and supplies the generated leaning
models to the relationship extraction step;
the learning data includes document data that
defines material property names and their rela-
tionships, and the document data is input to the
relationship extraction step;
in the relationship extraction step, by using ma-
terial property name list created from the mate-
rial property name model and relationship ex-
pression list created from the relationship ex-
pression model, a triple including two material
property names corresponding to a pair of ma-
terial property parameters having a causal rela-
tionship and a relationship expression repre-
senting the relationship is extracted based on a
positional relationship among the material prop-
erty names and the relationship expression in
the input document data, and the triple is output
as output data; and
in the search method, contents of the database
is updated with the output data.

16. The search method according to claim 15, further
comprising a cleaning step in which a corpus is input,
wherein
in the cleaning step, triples that are determined not
to indicate relationship between material property
parameter pairs are removed based on the corpus
from the triples extracted in the relationship extrac-
tion step to obtain the output data.
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