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DESCRIPTION
Title of Invention
ASSOCIATION SEARCH SYSTEM, SEARCH HANDLING DEVICE, DATABASE, AND
PROGRAM

Technical Field
[0001]
The present invention relates to an association search system, a search handling device,

a database, and a program.

Background Art
[0002]

Patent Literature 1 discloses a device that effectively searches for information
associated with a specific member from information accumulated in groupware. When a user
specifies an associated entity, the device searches for persons, documents, mails, and so forth
associated with the associated entity from a relation database. When the user inputs
narrowing information, the device extracts, from the search result for the associated entity,
only those associated with the narrowing information, and presents the extraction result to the
user.

[0003]

Patent Literature 2 discloses a system that prevents a certain person from being
retrieved from a personal connection database against his/her intention to be presented as the
search result. The system includes personal connection confirmation means for confirming,
for each person that is present in personal connection linkage, whether or not there is any
acquaintance linked to the person, and the personal connection confirmation means is executed
starting from the search target person, and successively executed backward one by one toward

the searcher in accordance with the personal connection linkage.

Citation List

Patent Literature

[0004]
Patent Literature 1 : JP-A-2010-224941
Patent Literature 2 : JP-A-2003-316887



Summary of Invention
Technical Problem
[0005]
The present invention has an object to provide a user as the search requesting entity
with a clue to a data element which is present in a database and to which the user as the search

requesting entity does not have an access right while ensuring the security of the database.

Solution to Problem
[0006]

The invention according to claim 1 provides an association search system including: a
plurality of databases with different collections of users having an access right thereto; and a
search handling device, in which the search handling device includes registered user storage
means for storing access right information that indicates which of the plurality of databases
each registered user has an access right to, the registered user having an access right to at least
one of the plurality of databases and being registered in the search handling device, search
request transmitting means for transmitting a search request to each of the plurality of
databases in a case where input of a search condition is received from a user as a search
requesting entity, the search request including identification information on the registered user
having an access right to the database and the search condition, and search result providing
means for providing the user as the search requesting entity with information on the registered
user having a link that is traceable via one or more chains of links to a data element that suits
the search condition on a basis of response information from each of the plurality of databases
to the search request, and the plurality of databases each includes graph storage means for
storing information on a graph in which data elements are defined as nodes and relationships
among the data elements are defined as links, the data elements including a user element that
represents a user having an access right to the database, search request acquiring means for
acquiring the search request from the search handling device, data search means for searching
the graph storage means for a data element that suits the search condition in the acquired
search request, chain investigating means for investigating the graph storage means for a chain
of the links that connect between a node for a data element that suits the search condition
retrieved by the data search means and a node for a user element that represents the registered
user included in the search request, and responding means for specifying, among the registered

users having an access right to the database, the registered user linked to the node for the data



element that suits the search condition through the chain of links on a basis of a result of the
investigation performed by the chain investigating means, and responding to the search
handling device with response information that represents the specified registered user.

[0007]

The invention according to claim 2 provides the association search system according to
claim 1, in which the chain investigating means determines a node for a user element that
represents the registered user included in the search request, or a node for a data element as a
result of the search retrieved by the data search means in accordance with the search condition
included in the search request, as a base-point node, and obtains the chain of links that connect
between a node for a user element that represents the registered user included in the search
request and a node for a data element as the result of the search retrieved by the data search
means in accordance with the search condition included in the search request by repeatedly
performing an investigation process for investigating the graph storage means for an adjacent
node, among adjacent nodes that are connected to an in-focus node via one link, that meets an
investigation condition that at least one of the in-focus node and the adjacent node has an
attribute determined in advance, by investigating for an adjacent node that meets the
investigation condition using the base-point node as the in-focus node and investigating for an
adjacent node that meets the investigation condition using the adjacent node that meets the
investigation condition obtained through the previous search as a next in-focus node.

[0008]

The invention according to claim 3 provides the association search system according to
claim 1 or 2, in which the search handling device further includes score calculating means for
calculating, for the response information from each of the plurality of databases to the search
request, a search score that is higher as a number of hops in the chain of links that connects
between a node for the registered user represented in the response information and a node for a
data element that suits the search condition is smaller, and the search result providing means
provides information on the registered users having a link that is traceable via one or more
chains of links to a data element that suits the search condition as ranked on a basis of the
search score calculated by the score calculating means.

[0009]

The invention according to claim 4 provides the association search system according to

claim 1 or 2, in which the search handling device further includes intimacy storage means for

storing information on intimacy between the user as the search requesting entity and each of
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the registered users, and score calculating means for calculating, for response information
from each of the plurality of databases to the search request, a search score that is higher as the
intimacy between the registered user represented in the response information and the user as
the search requesting entity is higher, and the search result providing means provides
information on the registered users having a link that is traceable via one or more chains of
links to a data element that suits the search condition as ranked on a basis of the search score
calculated by the score calculating means.

[0010]

The invention according to claim 5 provides a search handling device including:
registered user storage means for storing access right information that indicates which of a
plurality of databases each registered user has an access right to, the registered user having an
access right to at least one of the plurality of databases and being registered in the search
handling device; search request transmitting means for transmitting a search request to each of
the plurality of databases in a case where input of a search condition is received from a user as
a search requesting entity, the search request including identification information on the
registered user having an access right to the database and the search condition; and search
result providing means for providing the user as the search requesting entity with information
on the registered user having a link that is traceable via one or more chains of links to a data
element that suits the search condition on a basis of response information from each of the
plurality of databases to the search request.

[0011]

The invention according to claim 6 provides a database including: graph storage means
for storing information on a graph in which data elements are defined as nodes and
relationships among the data elements are defined as links, the data elements including a user
element that represents a user having an access right to the database; search request acquiring
means for acquiring from a search handling device a search request including identification
information on a registered user having an access right to the database and a search condition
input by a user as a search requesting entity; data search means for searching the graph storage
means for a data element that suits the search condition in the acquired search request; chain
investigating means for investigating the graph storage means for a chain of the links that
connect between a node for a data element that suits the search condition retrieved by the data
search means and a node for a user element that represents the registered user included in the

search request; and responding means for specifying, among the registered users having an



access right to the database, the registered user linked to the node for the data element that
suits the search condition through the chain of links on a basis of a result of the investigation
performed by the chain investigating means, and responding to the search handling device
with response information that represents the specified registered user.

[0012]

The invention according to claim 7 provides a program for causing a computer to
function as: registered user storage means for storing access right information that indicates
which of a plurality of databases each registered user has an access right to, the registered user
having an access right to at least one of the plurality of databases and being registered in the
search handling device; search request transmitting means for transmitting a search request to
each of the plurality of databases in a case where input of a search condition is received from a
user as a search requesting entity, the search request including identification information on
the registered user having an access right to the database and the search condition; and search
result providing means for providing the user as the search requesting entity with information
on the registered user having a link that is traceable via one or more chains of links to a data
element that suits the search condition on a basis of response information from each of the
plurality of databases to the search request.

[0013]

The invention according to claim 8§ provides a program for causing a computer to
function as: graph storage means for storing information on a graph in which data elements are
defined as nodes and relationships among the data elements are defined as links, the data
elements including a user element that represents a user having an access right to the database;
search request acquiring means for acquiring from a search handling device a search request
including identification information on a registered user having an access right to the database
and a search condition input by a user as a search requesting entity; data search means for
searching the graph storage means for a data element that suits the search condition in the
acquired search request; chain investigating means for investigating the graph storage means
for a chain of the links that connect between a node for a data element that suits the search
condition retrieved by the data search means and a node for a user element that represents the
registered user included in the search request; and responding means for specifying, among the
registered users having an access right to the database, the registered user linked to the node
for the data element that suits the search condition through the chain of links on a basis of a

result of the investigation performed by the chain investigating means, and responding to the
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search handling device with response information that represents the specified registered user.
Advantageous Effects of Invention
[0014]

With the invention according to claim 1, 5, 6, 7, or 8, it is possible to provide a user as
the search requesting entity with a clue to a data element which is present in a database and to
which the user as the search requesting entity does not have an access right while ensuring the
security of the database.

[0015]

With the invention according to claim 2, it is possible to provide the search requesting
entity with information on the registered user linked to the data element that suits the search
condition via a chain of links via nodes having a specific attribute.

[0016]

With the invention according to claim 3, it is possible to present to the search
requesting entity the registered users as arranged in the order of closeness of relationship with
(fewness in number of hops to) the data element that suits the search condition.

[0017]

With the invention according to claim 4, it is possible to present information on the

registered users linked to the data element that suits the search condition as arranged in the

order of intimacy with the user as the search requesting entity.

Brief Description of Drawings
[0018]

Fig. 1A illustrates a subgraph in which a node having a specific attribute is connected
(adjacent) to an in-focus node.

Fig. 1B illustrates a subgraph in which a node having a specific attribute is connected
(adjacent) to an in-focus node.

Fig. 2 illustrates a subgraph in which two adjacent nodes having a specific attribute are
chained from an in-focus node.

Fig. 3 illustrates an example of a chain path of relationship via nodes having a specific
attribute ("person") from a start-point node to a terminal-point node.

Fig. 4 is a functional block diagram of an example of a search device according to an
exemplary embodiment.

Fig. 5 illustrates an example of the content of data in a database.
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Fig. 6 is a flowchart illustrating an example of an overall process procedure performed
by a search processing section.

Fig. 7 is a flowchart illustrating an example of a procedure of an adjacent node process
performed by the search processing section.

Fig. 8 illustrates an example of path information obtained by the search processing
section.

Fig. 9 is a flowchart illustrating an example of a process procedure performed by a
sorting section.

Fig. 10 illustrates an overview of an association search system according to the
exemplary embodiment.

Fig. 11 illustrates an example of the functional configuration of an agent of a
cooperation system.

Fig. 12 illustrates an example of the content of data stored in a member information
storage section of the agent.

Fig. 13 illustrates an example of the functional configuration of a system of each
organization.

Fig. 14 illustrates an example of the search result and the link chain investigation result
held by a search result holding section in a proxy of an organization.

Fig. 15 illustrates an example of the flow of a search in the association search system
according to the exemplary embodiment.

Fig. 16 illustrates an example of a Ul screen that displays the search result that the
agent provides to the search requesting entity.

Fig. 17 illustrates an example of display of a web page for responding to an obtainment
request that the proxy provides to an obtainment requested entity designated by the search
requesting entity.

Fig. 18 illustrates an example of a Ul screen that displays the obtainment request result

that the agent provides to the search requesting entity.

Description of Embodiments
[0019]

In the following, an example of an association search made by an association search
system according to an exemplary embodiment will be described first, and the association

search system according to the exemplary embodiment including plural individual search
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systems that perform the association search will be described thereafter.
[0020]

Schemes for describing a graph structure determined by the relationship among data
elements are known. Examples of such schemes include RDF (Resource Description
Framework) which describes the relationship among things (resources, which include both
concrete things and abstract concepts) using a set (referred to as "triple") of a subject, a
predicate, and an object, for example. The RDF represents a graph in which things such as
the subjects and the objects are defined as nodes and the predicates are defined as links (edges)
using plural triples. In addition, SPARQL (SPARQL Protocol and RDF Query Language),
for example, is known as a computer language for searching for data described using the RDF.
[0021]

In the exemplary embodiment described below, a search is made through a database
containing data that describe the relationship among a variety of things in accordance with the
RDF. The method of representing the relationship among things is not limited to the RDF.
Thus, the exemplary embodiment described below may also be applied to databases that
represent such relationship using schemes other than the RDF.

[0022]

In order to facilitate understanding of the scheme according to the exemplary
embodiment, the following instances are to be considered.
[0023]

A user A makes a search through a database, and finds a certain electronic document X.
However, the user A does not have an access right to the electronic document X, and may not
read the content thereof. In such a situation, if one of acquaintances of the user A has an
access right to the electronic document X, it is conceivable that the user A asks the
acquaintance to inform the user A of the content of the electronic document X. In the case
where a person D who is a colleague of a person C who is a colleague of a person B who is a
direct acquaintance of the user A has an access right to the document, meanwhile, the user A
may contact the person C through the influence of the person B, further contact the person D
through the influence of the person C, and ask the person D to inform the user A of the content
of the electronic document X.

[0024]
In the case where a person C who participated in a Y conference participated in by a

person B who is a direct acquaintance of the user A has an access right to the electronic
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document X, the person B may possibly contact the person C by making use of the
relationship that both the person C and the person B participated in the same conference X,
although it is unclear whether the person B and the person C are direct acquaintances or
colleagues. Consequently, the user A may contact the person C through the influence of the
person B, and ask the person C to inform the user A of the content of the electronic document
X.

[0025]

Thus, if chains of relationship via persons that connect between the user A and the
electronic document X such as those discussed above are found in a database that describes the
relationship among a variety of things including persons and abstract concepts in accordance
with the RDF, the user A may possibly access the electronic document X through the influence
of persons on the chain path. In the path, things (e.g. the person B) having an attribute of
"being a person" and things (e.g. the Y conference participated in by the person C) having a
relationship with a thing having an attribute of "being a person" are chained. Data indicating
that "C is a person" are expressed by a triple composed of a subject "C", a predicate "have an
attribute of (an object)/be a member of a class of (an object)", and an object "a person".

[0026]

In the exemplary embodiment, a chain path of relationship among things involving a
specific attribute is obtained in a database that represents a graph structure composed of a
collection of relationships among things. An overview of the method will be described below.
[0027]

In the case where the user A desires to know chains of "persons" associated with the
electronic document A, for example, the user A sets a condition "having an attribute 'person""
on a search device as a narrowing condition for a path search. Examples of the method of
setting a condition include presenting a list of attributes (such as "person", "document",
"conference", and "organization") stored in the search device to allow the user A to select one
from the list. The attributes stored in the search device may belong to the vocabulary of the
RDF, or may be defined uniquely in the search device.

[0028]

In the case where a search is made for a node having an attribute of "person", for
example, using the SPARQL, the following search formula may be used:

Select ?p where { ?prdf:type foaf:Person. }

[0029]
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Here, "rdf:type" means a property indicating that the resource is a member (instance) of
a certain class. In addition, "rdf:" represents a namespace of RDF model syntax. The
specific specifications of the namespace are summarized in "RDF Vocabulary Description
Language 1.0: RDF Schema" as a W3C recommendation (see http://www.w3.org/TR/rdf-
schema/).

[0030]

Similarly, "foaf:Person" is a resource that represents a "person". The description
"foaf:Person"  complies with  "FOAF  Vocabulary  Specification  0.9"  (see
http://xmlns.com/foat/0.1/).

[0031]

In addition, to search a graph database described in accordance with the RDF for a
node having a specific node (hereinafter referred to as "in-focus node") as the object, and
when the in-focus node may be described as <someUri>, the following search formula may be
used:

Select ?n where { ?n?pred <someUri> }

[0032]

If the following search formula obtained by combining the search formulas discussed
above is used, for example, a node having the in-focus node as the object and also having a
specific attribute "person" (hereinafter represented as "subj-n") is retrieved. The node subj-n
is a node that is adjacent to the in-focus node <someUri>.
<Search Formula 1>

Select ?subj-n where {

?subj-n ?pred1<someUri>.

?subj-n rdf:typefoaf:Person.

}

The search formula 1 represents a subgraph composed of nodes and links such as that
illustrated in Fig. 1A. In Fig. 1A, the nodes are indicated by ellipses, and the links are
indicated by arrows that connect between the ellipses. That is, the subgraph illustrated in Fig.
1A indicates that the node "Subj-n" has a resource specified by <someUri> as the object, and
also has an attribute "person" (is of a type =foaf:Person). In the search formula discussed
above, the link (predicate) "pred1" is a variable. Consequently, any link matches (suits)
"pred1" (that is, the relationship between "subj-n" and <someUri> is not limited). In the

search formula discussed above, the node "Subj-n" is a variable, and the node "Subj-n" that
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matches the subgraph discussed above is the search result.
[0033]

For example, if the electronic document X is described as a resource <someUri> in the
RDF database, a certain resource "Subj-n" meets a condition that the resource has a
relationship described by a certain property "predl" (non-limiting, e.g. "prepare") with the
electronic document X, and also is a "person".

[0034]

In addition, the direction of the relationship is not limited to one direction. If the
following search formula 2 is used, for example, a node "subj-n" having the in-focus node as
the subject and also having a specific attribute "person" is retrieved:
<Search Formula 2>

Select ?subj-n where {

<someUri> ?pred1?subj-n.

?subj-n rdf:typefoaf:Person.

}

The search formula 2 represents a subgraph illustrated in Fig. 1B. In the case where
the resource <someUri> represents the electronic document X and "predl" is the predicate
"uploaded", the node "subj-n" indicates a person who uploaded the electronic document X.
[0035]

The adjacent node "Subj-n" that is adjacent to the in-focus node (resource) <someUri>
retrieved using one of the search formulas 1 and 2 discussed above represents a "person"
having some relationship with the in-focus node <someUri>.

[0036]

When a search is made using the search formulas 1 and 2 discussed above in this way,
similar searches are repeatedly made using the adjacent node "Subj-n", which has been
retrieved as meeting one of the search formulas 1 and 2, as the in-focus node <someUri> in
subsequent repetitions (iterations). Through such repetitions, a chain of nodes having a
specific attribute "person" is generated. For example, a chain of nodes "Subj-n -- Subj-n2"
obtained through two repetitions is illustrated in Fig. 2. That is, Fig. 2 illustrates a chain
composed of a person subj-n having a certain relationship predl with the in-focus node
<someUri> (e.g. the targeted electronic document X) and a person subj-n2 having a certain
relationship pred2 with the person subj-n. Here, the relationship (predicate) pred2 represents

a relationship between persons (e.g. "being colleagues"), for example.
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[0037]

In the search formulas 1 and 2 discussed above, it is indicated that the attribute of the
adjacent node which is adjacent to the in-focus node is "person". However, the chain may be
extended if the attribute of the in-focus node is "person" even if the attribute of the adjacent
node is not "person". This corresponds to an example, among the instances mentioned above,
in which the person B and the person C who participated in the same Y conference are chained
via the Y conference. That is, in the case where the person C (which is determined as the in-
focus node) participated in the Y conference (corresponding to an adjacent node that is
adjacent to the in-focus node), the Y conference is incorporated into the chain as the node next
to the person C. Then, when the Y conference is determined as the in-focus node, the person
B which is an adjacent node matches the search formula 1 discussed above, and is
incorporated into the chain.

[0038]

Thus, as search formulas for inspecting an adjacent node for a case where the attribute
of the in-focus node is "person", the following search formulas 3 and 4 (which correspond in
direction to the search formulas 1 and 2, respectively) may be used:
<Search Formula 3>

Select ?subj-n where {

?subj-n ?pred1<someUri>.

<someUri>rdf:type foaf:Person.

}
<Search Formula 4>

Select ?subj-n where {

<someUri> ?pred1?subj-n.

<someUri>rdf:type foaf:Person.

}

[0039]

In this way, by repeatedly performing steps of (a) searching for an adjacent node subj-n
that is adjacent to the in-focus node <someUri> and that meets one of the search formulas 1 to
4 and (b) determining the retrieved adjacent node as the in-focus node in the next repetition, a
chain of nodes related to the first designated in-focus node is prepared.

[0040]

Then, in the exemplary embodiment, such a chain of nodes is presented as the search



13

result together with how the nodes are related (linked).
[0041]

Fig. 3 illustrates an example with two chains of things via persons that extend from a
person "you" to a document "Docl" obtained by making such searches on a certain graph
database. In Fig. 3, nodes having an attribute "person" are indicated by broken ellipses, and
nodes not having an attribute "person" are indicated by solid ellipses.
<Chain 1>

'

The person "you" who is a 'colleague' of a person "acquaintance 1" — the person
"acquaintance 1" who is a 'colleague' of a person "someone a" — the person "someone a" who
'participated' in a conference "B conference" — the conference "conference B" 'participated' in
by a person "Psnl" — the person "Psnl" who 'prepared' the document "Docl"

<Chain 2>

The person "you" who 'participated' in a conference "conference A" — the conference
"conference A" 'participated' in by a person "someone b" — the person "someone b" who
'belongs' to an organization "organization C" — the organization "organization C" 'belonged'
to by a person "Psnl1" — the person "Psn1" who 'prepared’ the document "Doc1"

[0042]

The search device according to the exemplary embodiment presents information on
such chain paths to the user "you" who instructed the search. That is, chains for a group of
adjacent nodes are output as series of information on nodes and links and connection
information between the nodes. When Fig. 3 is taken as an example, for the information on
nodes and links, "you" and "acquaintance" correspond to the nodes, and "colleague"
corresponds to the links. For the connection information between the nodes, connection
between "you" and "acquaintance" through a relationship "colleague" is indicated by an arrow.
[0043]

The scheme according to the exemplary embodiment has been roughly described above.
Next, an example of the configuration and the process procedure of the search device which
implements the scheme will be described.

[0044]

Fig. 4 illustrates an example of the configuration of the search device according to the

exemplary embodiment.
[0045]
In the configuration of Fig. 4, a database 10 stores graph data that represent a graph
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structure constituted by the relationship among data elements. Here, the relationship among
the data elements is expressed using the RDF. However, the search scheme according to the
exemplary embodiment may also be applied to a case where the relationship among the data
elements is expressed using a scheme other than the RDF.

[0046]

Fig. 5 illustrates an example of the graph data stored in the database 10. The data
illustrated in Fig. 5 contain plural "triples", which are each a set of a subject, a predicate, and
an object. The graph data illustrated in Fig. 5 represent the graph illustrated in Fig. 3. It
should be noted, however, that the data format illustrated in Fig. 5 is merely exemplary, and
any data format other than that illustrated in Fig. 5 that may describe the relationship among
the data elements may also be used.

[0047]

Returning to the description of Fig. 1, the database 10 may be mounted to a computer
provided with a function for a graph search such as a search processing section 20 or the like
to be described later, or may be mounted to another computer connected to the above
computer via a network such as the Internet.

[0048]

A base-point node designation receiving section 12 receives designation of base-point
nodes from the user as one of items to be designated for a search. The base-point nodes are
nodes at end points of a chain path that the user desires to obtain through a search. In the
example of Fig. 3, the start-point node "you" and the terminal-point node "Doc1" of the path
correspond to the base-point nodes. In the case where the user is caused to designate the start
point and the terminal point, the terminal point corresponds to the thing targeted by the user,
and the start point corresponds to the thing (typically, the user himself/herself) desired to be
chained to the terminal point. Instead of causing the user to designate two nodes, namely the
start-point node and the terminal-point node, as the base-point nodes, the user may be caused
to designate only one base-point node. For example, in the case where it is desired to know a
thing associated with the document "Docl" via persons, the user may be caused to designate
only one node, namely the document "Doc1", as the base-point node.

[0049]

An upper-limit-number-of-hops designation receiving section 14 receives from the user

designation of the upper limit number of hops (that is, the number of links) that represents the

search range from the base-point node.
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[0050]

The base-point node designation receiving section 12 and the upper-limit-number-of-
hops designation receiving section 14 constitute a search Ul (user interface) 16 that receives
input of a search condition for the search device. Designation of the upper limit number of
hops that represents the search range is not essential. In the case where designation of the
upper limit number of hops is not required, the search Ul 16 may not include the upper-limit-
number-of-hops designation receiving section 14.

[0051]

The search processing section 20 executes the search procedure roughly described
above to search for a chain path of relationship via nodes having a specific attribute (e.g.
"person") for the base-point node input by the user via the search Ul 16. Which one of a
variety of attributes is determined as the "specific attribute" may be set in the search
processing section 20 in a fixed manner, or may be selected by the user in the manner
discussed above. In the case where the user is caused to select the "specific attribute", the
search UI 16 may be provided with a UI for attribute selection. In the case where the user is
caused to select the "specific attribute", the object of the predicate rdf:itype in the search
formulas 1 to 4 used in a search may have a value that represents the selected attribute. A
sorting section 22 sorts (determines the order of) one or more chain paths retrieved by the
search processing section 20 in accordance with a criterion determined in advance.
Examples of the criterion for sorting are considered to include the number of hops in the chain
path in the ascending order.

[0052]

A search result presenting section 24 executes a process for presenting (i.e. displaying)
the result of sorting performed by the sorting section 22 to the user. The search result
presenting section 24 may display a sorted list of the one or more retrieved chain paths, for
example. It should be noted, however, that this is merely exemplary, and the manner of
presenting the sorting result is not specifically limited.

[0053]

Next, an example of a process procedure performed by the search processing section 20
will be described with reference to Figs. 6 and 7. In the example, the user designates two
nodes, namely the start-point node and the terminal-point node, as the base-point nodes.

[0054]

In the procedure, as illustrated in Fig. 6, the base-point node designation receiving
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section 12 of the search Ul 16 first receives designation of a node as the start point and a node
as the terminal point, among the nodes in the graph, from the user, and the upper-limit-
number-of-hops designation receiving section 14 receives designation of the upper limit
number of hops from the user (S10). When such designations are received, the search
processing section 20 initializes the value of a counter that represents the number of hops to
one (S12).

[0055]

Next, the search processing section 20 prepares path information including the node
designated as the terminal point and stores the prepared path information in correlation with
the terminal-point node (S14), and incorporates the terminal-point node into a list of in-focus
nodes (in-focus node list) for a number of hops of one (S16) (that is, the terminal-point node is
determined as the first in-focus node).

[0056]

Here, the path information is a line of information in which nodes that belong to a chain
path desired to be obtained are arranged in the order of arrangement of such nodes on the
chain path. The path information may also include information on links on the chain path.
[0057]

In the procedure of Figs. 6 and 7, an investigation for a chain path is started from the
terminal-point node, and each time an adjacent node that matches a condition (i.e. meets one
of the search formulas 1 to 4 discussed above) is obtained, the adjacent node is added to the
path information. In the course of the investigation, the chain path may be divided into
branches. In such a case, path information is added to each of the branches.

[0058]

The investigation is started from the terminal-point node as described above because a
chain path linked to the terminal-point node targeted by the user may be presented by
performing an investigation for a chain path from the terminal-point node even if a path
chained to the start-point node is not found. With reference to the example of Fig. 3, even if
a chain path of relationship via persons starting from the targeted document "Docl" does not
reach the person "you" as the starting point, presentation of such a chain path is meaningful,
because you may be possibly acquainted with any "person" that is present on the chain path
(although the fact of such acquaintance is not registered in the graph data).

[0059]

Next, the search processing section 20 repeatedly performs the processes in S18 to S30
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for each of the nodes in the current in-focus node list. At the present time, in the context of
the description that has been made so far, the current (i.e. number of hops = 1) in-focus node
list only includes the terminal-point node. Thus, the processes in S18 to S30 are first
executed with the terminal-point node determined as the in-focus node.

[0060]

In the process for the individual in-focus nodes in the current in-focus node list, the
search processing section 20 first takes out one unprocessed in-focus node from the in-focus
node list (S18), and acquires the path information stored in correlation with the in-focus node
(S20). Next, the search processing section 20 extracts from the graph all the nodes that are
adjacent via a link (i.e. connected via one link) to the in-focus node (excluding the nodes
included in the path information acquired in S20), and incorporates the extracted nodes (which
are called adjacent nodes that are adjacent to the in-focus node) into an adjacent node list
(S22). Then, the search processing section 20 repeatedly performs an adjacent node process
(S30) for each of the adjacent nodes in the adjacent node list.

[0061]

An example of a detailed procedure of the adjacent node process (S30) is illustrated in
Fig. 8. In the process for the individual adjacent nodes, the search processing section 20 first
takes out one unprocessed adjacent node from the adjacent node list (S32). Then, it is
determined whether or not the adjacent node which has been taken out or the in-focus node
has a specific attribute (in the example of Fig. 3 etc., "person") (S34). In the processes in S22,
S32, and S34, the search formulas 1 to 4 discussed above are executed with the in-focus node
set to <someUri>. In the case where the result of the determination performed in S34 is Yes,
new path information is generated by adding the adjacent node to the tail end of the line of
nodes in the path information (corresponding to the in-focus node) acquired in S20, and the
generated path information is stored in correlation with the adjacent node (S36). The value
of the counter for the current number of hops is included in the newly generated path
information. The counter value indicates the distance (number of hops) from the terminal-
point node of the path information. In the case where links are also recorded in the path
information, information on the links that connect between the in-focus node and the adjacent
node is also included in the newly generated path information. Next, the search processing
section 20 determines whether or not the adjacent node coincides with the start-point node
designated in S10 (S38). If the adjacent node does not coincide with the start-point node, the

adjacent node is incorporated into an in-focus node list for the next number of hops (that is
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next to the current number of hops as seen from the terminal-point node), and the process is
terminated (S40). If the adjacent node coincides with the start-point node, information
indicating that "the start-point node has been reached" is recorded in the path information
stored in correlation with the adjacent node, and the process is terminated (S42). The path
information corresponding to the in-focus node may be deleted when the processes in S32 to
S42 are finished for all the adjacent nodes that are adjacent to the in-focus node.

[0062]

Through the adjacent node process (S30) described above, in the case where the
condition that one of the in-focus node and the adjacent node has a specific attribute (e.g.
"person") is met, the adjacent node is added to the chain path extending from the terminal-
point node to the in-focus node. In the case where there are plural adjacent nodes that meet
the condition, a number of new chain paths (path information) are generated, the number being
the same as the number of the adjacent nodes.

[0063]

Returning to Fig. 6, when the processes in S18 to S30 are finished for all the nodes in
the current in-focus node list, the search processing section 20 checks whether or not an in-
focus node list for the next number of hops is empty (S24). If not, the value of the counter
for the number of hops is increased by one (S26). Then, it is determined whether or not the
counter value has exceeded the upper limit number of hops designated in S10 (S28). If not,
the processes in S18 to S30 are repeatedly performed for an in-focus node list for the number
of hops indicated by the counter. If the counter value has exceeded the upper limit number of
hops, the process is terminated by discontinuing the investigation. Also in the case where it
is found in S24 that the in-focus node list for the next number of hops is empty (i.e. the chain
via nodes with a specific attribute is disconnected), the process is terminated by discontinuing
the investigation.

[0064]

Through the processes illustrated in Figs. 6 and 7, several pieces of path information on
a chain path of relationship via nodes with a specific attribute extending from the terminal-
point node are prepared. An example of such path information is illustrated in Fig. 8. In the
table illustrated in Fig. 8, each row corresponds to each piece of path information. The
individual pieces of path information include information on an arrival flag, the number of
hops, and the path from the terminal-point node. The arrival flag indicates whether or not the

chain path reaches the start-point node. The arrival flag is set to "reached" in S42 (Fig. 7).
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The arrival flag is otherwise "unreached" (not reached). The number of hops indicates the
number of hops in the chain path. The path from the terminal-point node is the list of nodes
added in S14 and S36 (and links from the in-focus node to the node). The example in Fig. 8
corresponds to the graph illustrated in Fig. 3. The first piece of path information indicates a
chain that starts at the terminal-point node "Docl", followed by a link "prepare", a node
"Psnl" with an attribute "person", a link "participate”" in the opposite direction (in Fig. 8, an
underline drawn under the name of a link indicates the opposite direction with the direction
toward the terminal point defined as the forward direction), a node "B conference", ..., and that
extends to the start-point node "you". The path information reaches the start point, and thus
the value of the arrival flag is "reached". The path information in the third row of Fig. 8
corresponds to an example of a chain that does not reach the start point, although such an
example is not illustrated in Fig. 3.

[0065]

Next, an example of a process procedure performed by the sorting section 22 will be
described with reference to Fig. 9. The sorting section 22 performs the process of Fig. 9 on
the group of path information (see Fig. 8) generated by the search processing section 20
through the processes illustrated in Figs. 6 and 7. In the process, the sorting section 22
checks whether or not there are any pieces of path information with the arrival flag "reached"
(S50), and if there are one or more pieces of path information with the arrival flag "reached",
sorts only the pieces of path information with the arrival flag "reached" in the ascending order
of the number of hops (S52). That is, a chain path with a smaller number of hops is ranked
higher (i.e. given higher importance). This is because it is highly likely that the target
(document "Docl1") may be accessed with less effort as the number of intermediate persons is
smaller. Only the pieces of path information with the arrival flag "reached" are sorted
because a chain path with the arrival flag "unreached" is valueless if there is a chain path with
the arrival flag "reached". If the result of the determination performed in S50 is No, that is, if
the path information obtained by the search processing section 20 includes only pieces of with
the arrival flag "unreached", the pieces of path information with the arrival flag "unreached"
are sorted in the ascending order of the number of hops (S54). Then, the result of the sorting
performed in S52 or S54 is output to the search result presenting section 24 (S56). The
search result presenting section 24 displays the sorted chain paths.

[0066]

An example of the process procedure performed by the device according to the
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exemplary embodiment has been described above. In the example described above, the
investigation is performed from the terminal-point node. However, the present invention is
not limited thereto, and the investigation may be performed from the start-point node.

[0067]

The procedure of Figs. 6 and 7 described above corresponds to an example of a case
where designation of two base-point nodes, namely the start point and the terminal point, is
received from the user. In the case where designation of only one base-point node is received
from the user, the procedure of Fig. 6 may be modified such that designation of one base-point
node is received in S10, and the procedure of Fig. 7 may be modified such that S38 and S42
are omitted.

[0068]

In the example discussed above, in the case where one of the in-focus node and the
adjacent node has a specific attribute, the adjacent node is incorporated into the chain path
irrespective of the type of the link between the two nodes. However, this is merely
exemplary. Instead, the adjacent node may not be incorporated into the chain path unless the
link between the two nodes corresponds to one of several types determined in advance even in
such a case. For example, in the example of Fig. 3, in the case where at least one of the in-
focus node and the adjacent node has a specific attribute "person", the adjacent node may be
incorporated into the chain path, for example, only in the case where the type of the link
(predicate) between the in-focus node and the adjacent node is one of "be a colleague of",
"participate in", and "belong to". The links such as "be a colleague of", "participate in", and
"belong to" indicate relationship that connects between persons, and therefore the chain path is
extended only for such links. It should be noted, however, that a case where the terminal-
point node does not have a specific attribute ("person") is an exception (the terminal-point
node "Docl" in Fig. 3 is one such exception), and an adjacent node that is adjacent to the
terminal-point node and that has a specific attribute ("person") may be incorporated into the
chain path.

[0069]

In the example described above, in the case where the in-focus node has a specific
attribute (e.g. "person"), a node that is adjacent to the in-focus node is unconditionally added
to the chain path. Instead, the adjacent node may not be incorporated into the chain path
unless the adjacent node does not meet another condition even in such a case. Examples of

the condition to be imposed include a condition that the adjacent node corresponds to one of a
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group of attributes.
[0070]

In the example of Fig. 3, for example, "B conference", "organization C", and "Docl"
are provided as nodes that are adjacent to the node "Psnl" having an attribute "person". It is
assumed that the person "Psnl" has "prepared" a document (called "Doc2", for example) other
than the document "Docl". In this case, when "Psnl" is determined as the in-focus node
after an investigation is started from the terminal-point node "Docl", "B conference",
"organization C", and "Doc2" are provided as nodes that are adjacent to the in-focus node
(excluding the immediately preceding in-focus node "Docl"). Such nodes do not have a
specific attribute "person", but the in-focus node "Psnl" has an attribute "person". Thus, in
the procedure of Fig. 7 discussed above, the three nodes are incorporated into the chain path.
In contrast, in the case where the in-focus node has a specific attribute, a condition that only an
adjacent node that has an attribute "person", "conference", or "organization" is incorporated
into the chain path may be imposed. It is highly likely that a node corresponding to a
gathering of persons such as "conference" and "organization" mediates persons (e.g.
participants in a conference are acquainted with each other in the conference). Therefore, in
the case where the relationship via "person” is to be traced, it is highly likely that the human
relationship is traceable even if a node having an attribute such as "conference" is interposed.
If a document "Doc2" "prepared" by a person "Psnl" is "viewed" by another person "Psn2", in
contrast, it is not highly likely that the persons "Psnl" and "Psn2" are acquainted with each
other. Thus, in some cases, incorporation of a non-"person" node into the chain path is
desirably limited to only a case where such a node has an attribute (such as "conference" and
"organization") that indicates a thing that mediates human relationship. In such a case,
"Doc2" having an attribute "document" is not incorporated into the chain path.

[0071]

In the example described above, the specific attribute as a condition for a chain is
"person". However, another attribute may be used as the specific attribute.

[0072]

In the example described above, the user designates one or two base-point nodes as a
search condition through the search Ul 16 of the search device of Fig. 4. However, this is
merely exemplary. Instead, the user may designate, as a search condition, a condition related
to the attribute that a data element to be determined as a base-point node should have (e.g. the

value of an attribute or the range of the value, the values of plural attributes or a combination



22

of the ranges of the values, or the like). In this case, the search processing section 20
searches the database 10 for a data element having an attribute that matches the search
condition, determines the retrieved data element as a base-point node, and investigates for a
chain of links connected to the base-point node as discussed above. In this event, for
example, a node corresponding to the user who made the search request may be determined as
one base-point node by default, and a search may be made for a chain of links between the
base-point node and a node (i.e. the other base-point node) for a data element retrieved in
accordance with the search condition related to the attribute.

[0073]

An example of the association search scheme used in the exemplary embodiment and
an example of the individual search device (see Fig. 4) which implements the association
search scheme have been described above. Next, an example of an association search system
according to the exemplary embodiment that includes plural such search devices will be
described.

[0074]

Fig. 10 illustrates the configuration of an example of the association search system
according to the exemplary embodiment. In the example, each of plural organizations A,
B, ... includes the search device illustrated in Fig. 4 (indicated as "search device 110" in Fig.
10) provided in systems 100A, 100B, ... (hereinafter referred to collectively as "systems 100"
in the case where it is not necessary to distinguish them) in the network of the organization.
The individual organizations A, B, ... are social systems composed of plural persons such as
corporations, public offices, and groups. Members of each organization have an access right
to the system 100 (and the search device 110 provided therein) of the organization to which
they belong, and receive services such as searching by accessing the organization 100.

[0075]

Here, a case where the individual organizations A, B, ... cooperate (collaborate) with
each other for a certain business, for example, is considered. In some cases, all of the
constituents of the organizations A, B, ... participate in the cooperation. In other cases, some
of the constituents of the organizations A, B, ... participate in the cooperation. In some cases,
the cooperation members actually gather to proceed with the cooperation. In other cases, the
cooperation members virtually gather and exchange information on an information system to
proceed with the cooperation. A cooperation system 200 is constructed to assist and manage

the cooperation by providing a virtual space, an information exchange function, an
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information accumulation and reuse function, and so forth, for example. The system 200
may be provided with a search device 210 that is equivalent in function to that illustrated in
Fig. 4.
[0076]

A member who participates in the cooperation searches the cooperation system 200 for
necessary information. However, the necessary information is not necessarily present in the
system 200, and may be present the systems 100A, 100B, ... in the individual organizations A,
B, ... which participate in the cooperation. Here, the member who makes the search has an
access right to the system 100 of the organization to which he/she belongs and thus may search
for information in the system, but does not have an access right to the systems 100 of the other
organizations and thus may not search for information in the systems. Thus, the cooperation
system 200 is provided with an agent 250 that makes a search request for the systems 100 of
the organizations on behalf of the member. The systems 100 of the organizations provide an
access right to the agent 250. Consequently, the agent 250 becomes able to access the
systems 100 of the organizations to make a search request.

[0077]

It should be noted, however, that the agent 250 does not make a search by directly
accessing the search devices 110 in the systems 100 of the organizations. In order to protect
the security of the systems 100, each system 100 is provided with a corresponding proxy 130,
and the agent 250 sends a search request to the proxy 130. The proxy 130 relays the search
request to the search device 110, and receives the result of a search executed by the search
device 110 in response to the search request.

[0078]

In a typical example, the agent 250 sends to the proxy 130 of the organization to which
the cooperation member belongs a search request including information that specifies the
member and the search condition. In the case where plural persons from one organization
participate in the cooperation, the search request may include information that specifies the
plural members and the search condition. In response to the search request, the search device
110 of the organization searches for a data element that meets the search condition, and further
searches for a chain of links that connect between the retrieved data element and the member,
and replies to the proxy 130 with the obtained chain.

[0079]

The search result (information on the chain of links) obtained by the search device 110
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is internal information of the organization, and it is often not desirable to provide all such
information to the agent 250 in terms of security. Thus, the proxy 130 extracts only
information that may be provided to the outside of the system 100 (in this case, the
cooperation system 200) from the search result, and replies to the agent 250 with the extracted
information. In the example, the proxy 130 replies to the agent 250 with a response that
indicates who among the cooperation participant members is linked to the data element
corresponding to the search condition through a chain of links. Information on who
participates in the cooperation from the organization has been known to the cooperation
system 200. In the example, in addition, the data element itself that matches the search
condition and internal information such as the chain of links between the participant member
and the data element are not provided to the outside of the organization. Thus, information
security in the organization is protected.

[0080]

The agent 250 collects and organizes the responses from the proxies 130 of the plural
organizations A, B, ..., and provides the result as the search result to the user as the search
requesting entity. The user may reference the search result to find which of the cooperation
participant members to contact in order to possibly obtain information that matches the search
condition. Both the user as the search requesting entity and the member indicated in the
search result participate in the cooperation, and are highly likely to know each other. The
user as the search requesting entity contacts the member indicated in the search result by
electronic mail, telephone, or the like to request the member to obtain information on the
search target.

[0081]

Here, the request for obtainment may be received by the agent 250, and the
corresponding member may be notified of the request via the proxy 130 of the corresponding
organization. In this case, the proxy 130 may store a search result obtained by the search
device 110 for a search request, and in the case where an obtainment request is received from
the agent 250, present to the member as the requested entity the search result, that is,
information on a chain of links between the member and a data element (e.g. a document file)
that matches the search condition in the search request. The member as the obtainment
requested entity references the presented information to grasp his/her relationship with the
data element, and determines whether or not he/she may actually obtain the data element and

whether or not the data element is information that may be provided to the outside (a person
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from another organization that participates in the cooperation). Then, in the case where it is
finally determined that the data element may be obtained and provided to the outside, the
member as the requested entity uploads the data element to the cooperation system 200 by way
of the proxy 130, and provides the data element to the user as the search requesting entity.
[0082]

An overview of the association search system according to the exemplary embodiment
has been described above. Next, a detailed example of the system will be described.
[0083]

Fig. 11 illustrates an example of the functional configuration of the agent 250 of the
cooperation system 200. The illustrated agent 250 includes a search condition acquiring
section 51, an external search processing section 53, a member information storage section 55,
a search result presenting section 57, and an obtainment request processing section 59.

[0084]

The search condition acquiring section 51 acquires a search condition input by the user
to the search device 210 in the cooperation system 200. The user as the search requesting
entity is a cooperation member, and has an access right to the system 200. The input search
condition is a condition that specifies the attribute of the data element desired to be retrieved.
For example, in the case where the data element desired to be retrieved is a document file, the
search condition may be the file name of the document file, the title of the document, a
keyword added to the document, or the like. For example, the user as the search requesting
entity accesses a web page for a search provided by the search device 210, and inputs a search
condition to the web page to command a search. When the user as the search requesting
entity inputs a search condition to the search device 210 of the cooperation system 200, the
search condition is delivered to the agent 250 to request the agent 250 to issue a search request
for the systems 100 of the organizations.

[0085]

Here, the search device 210 may execute a search corresponding to a search condition
through of database 10 (see Fig. 4) of the search device 210 itself. Through the search
executed by the search device 210 in this event, for example, a data element that suits the
search condition is obtained from the database 10 of the search device 210 itself, and a chain
of links that connect between the obtained data element and the user as the search requesting
entity is obtained from a graph that indicates the state of links among the data elements stored

in the database 10. As a matter of course, there is a case where no chain of links that connect
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between the data element and the user is present. In such a case, no such chain may be
retrieved. In the case where the cooperation system 200 does not include the search device
210, the agent 250 may receive input of a search condition from a cooperation member.

[0086]

The search condition acquiring section 51 delivers the acquired search condition to the
external search processing section 53. The external search processing section 53 sends a
search request including the search condition to the proxies 130 of the organizations.
Information on the proxies 130 that is necessary for communication such as the IP addresses
of the proxies 130 has been registered in advance in the agent 250.

[0087]

Here, the search request addressed to the proxies 130 of each organization includes
information that specifies a member who participates in the cooperation among the members
of the organization 100. For example, a search request including identification information
on a person who belongs to the organization 100A, among the cooperation participant
members, and a search condition is sent to the organization 100A.

[0088]

In order to issue such a search request, the external search processing section 53
references the member information storage section 55. The member information storage
section 55 stores information on members registered in the cooperation system 200, in
particular information that indicates which organization each member comes from.

[0089]

Fig. 12 illustrates an example of the content of data stored in the member information
storage section 55. In the example, for each member that participates in the cooperation, the
user ID (identification information) and the user name of the member in the cooperation
system 200, identification information on the organization to which the member belongs (from
which the member comes), and information on the user ID of the member in the organization
to which the member belongs are registered in the member information storage section 55.
[0090]

The external search processing section 53 obtains, for each organization that
participates in the cooperation, the user IDs in the organization of the cooperation participant
members who belong to the organization from the member information storage section 55.
Then, the external search processing section 53 prepares a search request including the

obtained user IDs of the members and the search condition acquired by the search condition
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acquiring section 51, and transmits the search request to the proxy 130 of the organization via
a communication network such as the Internet. In addition, the external search processing
section 53 receives responses to the search request from the proxies 130 of the organizations,
and delivers the responses to the search result presenting section 57.

[0091]

The search result presenting section 57 collects and organizes the responses to the
search request from the proxies 130 to prepare a search result display screen, and provides the
display screen to the member as the search requesting entity. The responses from each proxy
130 contain information on persons having a link on the graph to a data element that suits the
search condition among the cooperation participant members of the organization to which the
proxy 130 belongs. The search result presenting section 57 provides a search result screen
including a list of information from such responses to the user as the search requesting entity.
[0092]

On the search result screen presented by the search result presenting section 57, a list of
"cooperation participant members that may possibly access a data element (e.g. a document)
that matches the search condition" included in the responses from the systems 100 of the
organizations is displayed. The user as the search requesting entity designates a cooperation
participant member as the requested entity that the user desires to request to obtain a data
element that matches the search condition from the list on the search result screen. In
response to such designation, the obtainment request processing section 59 transmits an
obtainment request for the data element to the proxy 130 of the organization to which the
requested entity belongs. Each of the responses from the proxies 130 displayed in a list on
the search result screen (i.e. "the cooperation participant members that may possibly access a
data element (e.g. a document) that matches the search condition") includes a unique search
result ID (which will be discussed in detail later) provided by the proxy 130 as the responding
entity. Thus, the obtainment request processing section 59 sends an obtainment request
including the search result ID corresponding to the response in which the user as the search
requesting entity selected the obtainment requested entity for the data element to the proxy
130 as the responding entity.

[0093]

Then, when a data element is provided from the requested entity to the cooperation

system 200 by way of the proxy 130 in response to the obtainment request, the provision of

the data element is displayed on the search result screen of the search result presenting section
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57 via the obtainment request processing section 59. The user as the search requesting entity
accesses the provided data element by way of the display.
[0094]

Next, an example of the functional configuration of the proxy 130 of each organization
will be described with reference to Fig. 13. In Fig. 13, the search device illustrated in Fig. 4
(indicated by numeral 110 in Fig. 13) is also illustrated.

[0095]

In the proxy 130, the search request acquiring section 32 acquires a search request from
the agent 250 of the cooperation system 200.

[0096]

As discussed earlier, the search request from the agent 250 includes a search condition
that specifies a data element desired to be retrieved, and the user ID of a member who
participates in the cooperation from the organization. A search request acquiring section 32
delivers the search condition to the search processing section 20 of the search device 110, and
causes the search processing section 20 to search a storage device 10 for a data element that
meets the search condition. In the case where a data element that meets the search condition
is not found in the storage device 10, the search processing section 20 responses to the proxy
130 accordingly. Such a response indicating that "nothing meets the search condition" is held
by a search result holding section 34, and sent to the agent 250 by a search result responding
section 36.

[0097]

In the case where one or more data elements that meet the search condition are found,
the search request acquiring section 32 determines the thus retrieved data element that meets
the search condition as one base-point node, determines a node for a data element that
represents the cooperation participant member included in the search request as the other base-
point node, and instructs the search processing section 20 to investigate for a chain of links (i.e.
a path formed from a chain of links) that connect between the two base-point nodes.

[0098]

When the investigation instruction is received, the search processing section 20 obtains
a chain of links related to data elements having a specific attribute (e.g. "(being a) person")
that connect between the two designated base-point nodes through the procedure illustrated in
Figs. 6 and 7. Here, in the case where the user IDs of plural cooperation participant members

are included in the search request from the agent 250, a chain of links that connect between a
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node that represents the member and a node for a data element that meets the search condition
is obtained for each of the individual cooperation participant members. In the case where
plural data elements that meet the search condition are retrieved, meanwhile, a chain of links
that connect between a node for the data element and a node for the cooperation participant
member is investigated for each of the data elements that meet the search condition.

[0099]

In the case where no chain of links that connect between the cooperation participant
member included in the search request and the data element that meets the search condition is
found, the search processing section 20 responses to the proxy 130 accordingly. In response
to the response, the search result responding section 36 replies to the agent 250 with a
response indicating that "nothing meets the search condition".

[0100]

If one or more chains of links between the cooperation participant member included in
the search request and the data element that meets the search condition are retrieved, the one
or more retrieved chains of links are sent from the search processing section 20 to the proxy
130 as the search result, and stored in the search result holding section 34. Here, the
retrieved chains of links may be grouped for each cooperation participant member determined
as one base-point node, and stored in correlation with a unique search result ID provided to
each group.

[0101]

An example of information on the search result held by the search result holding
section 34 is illustrated in Fig. 14. In the example, the search result holding section 34 stores,
in correlation with the search result ID, the user name of the cooperation participant member
determined as one base-point node of the chain of links (in the drawing, indicated as
"requested entity candidate" in the sense that the cooperation participant member may be the
obtainment requested entity for the data element), identification information on the data
element that meets the search condition determined as the other base-point node (in the
illustrated example, "Doc1"), and a group of one or more chains of links that connect between
the two base-point nodes. For example, data in a row with a search result ID "010001"
correspond to a case where two chains of links that connect between the cooperation
participant member "A-a" (in Fig. 3, indicated as "you") and the data element "Docl" that
meets the search condition as illustrated in Fig. 3. In the example of Fig. 14, besides, one

chain of links with the data element "Docl" is found for each of the cooperation participant
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members "A-b" and "A-f". A search result list such as that illustrated in Fig. 14 is stored in
the search result holding section 34 for each search request received from the agent 250.
[0102]

The search result responding section 36 specifies a cooperation participant member
connected via a chain of links to the data element that meets the search condition from the
information on the search result held by the search result holding section 34. Then, for
example, the search result responding section 36 prepares a message indicating that the
specified cooperation participant member may possibly obtain the data element, and sends to
the agent 250 response information including the message and the search result ID (which has
been correlated with the group of the chain of links of the cooperation participant member in
the search result holding section 34). In the example of Fig. 14, a message indicating that the
member may possibly obtain the data element is prepared for each of the cooperation
participant members "A-a", "A-b", and "A-f", and each message is sent to the agent 250 as
correlated with the corresponding search result ID "010001", "010002", and "010003".

[0103]

In this way, the proxy 130 does not provide the retrieved chain of links themselves, but
provides only information on the cooperation participant member that may possibly access the
data element that meets the search condition, to the external agent 250.

[0104]

The response information from the proxy 130 is merged by the agent 250 with
responses to the same search request from the other proxies 130, and presented as the search
result to the user as the search requesting entity. When the user as the search requesting
entity selects an obtainment requested entity for the data element from the search result, an
obtainment request including the search result ID corresponding to the selected obtainment
requested entity arrives at the proxy 130 from the obtainment request processing section 59 of
the agent 250. When the obtainment request is received, an obtainment request processing
section 38 of the proxy 130 requests the search result holding section 34 for information on the
search result corresponding to the search result ID included in the request. Then, the
obtainment request processing section 38 notifies the cooperation participant member as the
requested entity included in the search result of the obtainment request for the data element.
The notification includes information (e.g. the user name) that specifies the requesting entity
(the user as the search requesting entity), information (e.g. the document name) that specifies

the data element to be obtained, and information on the chain of links that connect between the
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cooperation participant member as the notified entity (requested entity) and the data element.
The member as the requested entity references such information to determine whether or not
the data element being requested may be provided to the requesting entity. Then, in the case
where it is determined that the data element may be provided, the member as the requested
entity specifies a user (e.g. the person who "prepared” the data element) having an access right
to the data element by tracing a link via "persons" with reference to the information on the
chain of links, and requests the specified user to provide the data element. In the case where
the data element is provided (e.g. transmitted as attached to an electronic mail, or an access
right to the data element is provided to the member as the requested entity by setting the
database 10) by the user in response to the request, the member as the requested entity sends
the data element to the obtainment request processing section 38 of the proxy 130. The
obtainment request processing section 38 sends the received data element to the obtainment
request processing section 59 of the agent 250. The obtainment request processing section 59
provides the received data element to the user (search requesting entity) who requested
obtainment.

[0105]

Next, an example of the flow of the search and the obtainment of the data element will
be described with reference to Figs. 15 to 18.

[0106]

First, the user as the search requesting entity who participates in the cooperation logs in
to a search system 210 of the cooperation system 200. In response thereto, the search system
210 provides a search Ul (user interface) screen for allowing input of a search condition and
presenting a search result to a PC (personal computer) operated by the search requesting entity
in the form of a web page, for example.

[0107]

Fig. 16 illustrates an example of a search UI screen 300. The search UI screen 300
includes a search condition input field 302, a search button 304, and an external search result
display field 306 for display of a search result from an external database (in the example, the
database 10 in the system 100 of each organization). In the example, the data element as the
search target is a document file, and a character string that indicates (all or a part of) the name
of the document desired to be retrieved is input to the search condition input field 302.
However, this is merely exemplary. For example, any data element other than document files

that may be provided to the user as the search requesting entity may be the target to be
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retrieved or provided. In addition, the search condition input field 302 may receive input of a
combination of plural attributes of the data element as the search target.
[0108]

On the search UI screen 300 at the time when the user as the search requesting entity
has logged in to the search system 210, both the search condition input field 302 and the
external search result display field 306 are blank. When the user as the search requesting
entity inputs a search condition (e.g. a document name) to the search condition input field 302
and depresses the search button 304 by operating a pointing device or the like, the search
condition is sent from the PC of the user to the search system 210 to start a search process.
In the process, the search system 210 delivers the search condition to the agent 250, and
requests the agent 250 to make an inquiry to the systems 100A, 100B, ... of the external
organizations (SO of Fig. 15).

[0109]

In response to the request, the agent 250 sends a search request to the systems 100 of
the organizations (S1). The search request includes the user ID of a member who belongs to
the destination organization, among the cooperation participant members, and the search
condition.

[0110]

The search request from the agent 250 is received by the proxy 130 in the system 100
of each organization. The proxy 130 causes the search system 110 to search for a data
element that meets the search condition included in the search request. In addition, the proxy
130 causes the search system 110 to investigate for a chain of links that connect between a
node for a data element that meets the search condition obtained as a result of the search and a
node for a data element that represents a person corresponding to the user ID included in the
search request (i.e. a cooperation participant member who belongs to the organization) (S2).
In response thereto, the search system 110 executes the process procedure of Figs. 6 and 7 to
investigate for a chain of links that connect between the two nodes.

[0111]

The search system 110 replies to the proxy 130 with the search result and the link chain
investigation result (S3). The returned results may be information illustrated in Fig. 14, for
example.

[0112]

The proxy 130 stores information on the chain of links for each cooperation participant
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member obtained as a result of the search and the investigation returned from the search
system 110 in the search result holding section 34 in correlation with the search result ID as
illustrated in Fig. 14.

[0113]

In addition, the proxy 130 generates response information from the search result and
the investigation result, and replies to the agent 250 with the generated response information
(S4). Here, the response information generated by the proxy 130 does not include detailed
information related to the data element obtained through the search and the content of the
chain of links themselves. The response information includes information, from the graph
information held in the database 10 in the search system 110, that represents who, among the
cooperation participant members who belong to the organization, is linked to the data element
that meets the search condition via one or more links related to a specific attribute (e.g.
"person"). In addition, the response information includes information that indicates which of
the search result IDs stored in the search result holding section 34 illustrated in Fig. 14 each
cooperation participant member corresponds to, and information that indicates the proxy 130
of which organization the response information comes from. In the case where a data
element that meets the search condition is not found, or in the case where no chain of links that
connects between the data element that meets the search condition and the cooperation
participant member who belongs to the organization is found, the response information may
indicate that "nothing that meets the search condition is found".

[0114]

When the response information is received from the proxy 130 of the organizations, the
agent 250 collects and organizes such pieces of response information, and displays the
response information on the search Ul screen 300 (S5). Fig. 16 illustrates an example of the
screen at this time. That is, in the example of Fig. 16, a list of responses from the proxies
130 to the search condition input to the search condition input field 302 by the user as the
search requesting entity is indicated in the external search result display field 306. In the
example, a fact that the cooperation participant member A-a from the organization A and the
cooperation participant member C-c from the organization C (not illustrated) are lined to the
data element that matches the search condition through a chain of links is expressed by
messages indicating that "possibly associated with A-a" and "possibly associated with C-c".
An obtainment request button 308 is displayed on the right side of each message. Each

obtainment request button 308 is associated with the content of the response information on
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which the corresponding message is based (the search result ID and information that specifies
the proxy 130 as the responding entity).
[0115]

The flow of the search process and the link chain investigation process has been
described above. Next, the flow in which the user as the search requesting entity obtains the
retrieved data element (e.g. a document file) utilizing the search result and the investigation
result will be described.

[0116]

The user as the search requesting entity sees a list of messages displayed in the external
search result display field 306 (see Fig. 16) to decide which of the cooperation participant
members indicated in the messages to request to obtain the data element, and depresses the
obtainment request button 308 corresponding to the cooperation participant member decided
as the obtainment requested entity using a pointing device or the like. In response to the
operation, the agent 250 transmits obtainment request information including the search result
ID corresponding to the obtainment request button 308 and information (such as the user name
or the user ID) that specifies the user who made the obtainment request (that is, the search
requesting entity) to the proxy 130 as the responding entity corresponding to the depressed
obtainment request button 308.

[0117]

When the obtainment request information is received, the proxy 130 acquires
information (see Fig. 14) corresponding to the search result ID included in the obtainment
request information from the search result holding section 34, and sends an obtainment request
to the user as the "requested entity candidate" included in the acquired information. The
obtainment request may be sent to the user as the requested entity by a method such as sending
an electronic mail including the URL (Uniform Resource Locator) of a web page (see Fig. 17)
for responding to the request and a message for requesting obtainment of a data element.
[0118]

The obtainment request may be sent to two or more of the cooperation participant
members displayed in the external search result display field 306.

[0119]

When the obtainment request is received, the user as the requested entity accesses the

web page for responding to the request from his/her own PC. Here, it is assumed that the

obtainment request is sent to the cooperation participant member "A-a" who belongs to the
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organization A. An example of a web page 400 for responding to the request for such a case
is illustrated in Fig. 17. In the example, the web page 400 includes a message 401 indicating
that an obtainment request for a data element is provided from the requesting entity (in the
example, the cooperation participant member "B-b" who belongs to the organization B), and a
list 402 of obtainment request targets. In the list 402, identification information on the data
element as the obtainment request target and the title attribute (e.g. the name of the document
file and the title attribute), a select button 406, and an upload button 408 are displayed.
When the user as the requested entity depresses the select button 406 corresponding to a
certain data element in the list, the relationship (a chain of links) on the graph between the data
element and the user is displayed in a relationship display field 410. In the example of Fig.
17, the user corresponds to a node "you" at the left end, and is found to be related with the
retrieved data element (the document "Doc1") via two paths.

[0120]

The user "A-a" as the requested entity may see the display in the relationship display
field 410 to determine whether he/she may directly obtain the targeted data element "Docl" or
may possibly obtain the data element via an acquaintance of his/hers in the organization A.
[0121]

In the case where the data element may be directly obtained (e.g. in the case where
there is a link indicating that the user has "prepared" the data element "Doc1"), the user "A-a"
as the requested entity knows (or may confirm) the content of the data element, and thus may
determine himself/herself whether or not the data element may be provided to the cooperation
participant member "B-b" as the requesting entity.

[0122]

In the case where it is necessary to obtain the data element via an acquaintance,
meanwhile, the user may make an inquiry to the acquaintance as to whether or not the data
element may be provided to the cooperation participant member "B-b", and obtain the data
element from the acquaintance in the case where the acquaintance consents to the provision.
The proxy 130 may mediate the inquiry.

[0123]

In the case where the person (in the example of Fig. 17, "Psnl1") who may provide the
targeted data element "Docl" is not a direct acquaintance of the user "A-a" as the requested
entity, the user may make a similar inquiry to the person "Psnl" who may provide the data

element through the influence of a direct acquaintance (e.g. "someone a") of the user on the
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chain of links indicated in the relationship display field 410 in an attempt to obtain the data
element.
[0124]

In the case where the user as the requested entity may obtain the targeted data element
and determine that the data element may be provided to the requesting entity in this way, the
user depresses the upload button 408 corresponding to the targeted data element on the web
page 400 for responding to the request of Fig. 17. Consequently, a screen for selecting a
target file to be uploaded is displayed, for example, and the user as the requested entity selects
the data element which has been obtained to be uploaded from files in his/her own PC
displayed on the screen. In response to the operation, the proxy 130 uploads the data element
to the agent 250.

[0125]

The agent 250 saves the uploaded data element, and indicates that the data element for
which an obtainment request was made has been provided on the search Ul screen 300 for the
user as the search requesting entity. For example, the agent 250 (search result presenting
section 57) generates a search Ul screen 300 including a provided document list 310 as
illustrated in Fig. 18, and provides the search Ul screen 300 to the PC of the user as the search
requesting entity. In the provided document list 310, identification information (such as the
document file name) on the data element and a view button 312 are displayed for each data
element uploaded in response to the obtainment request. The view button 312 is linked to a
file for the saved data element. The user as the search requesting entity chooses one of the
data elements displayed in the provided document list 310, the content of which the user
desires to view, and depresses the view button 312 corresponding to the chosen data element.
Consequently, the file for the data element associated with the view button 312 is called up,
and displayed on the screen.

[0126]

An example of the flow of the process according to the exemplary embodiment has
been described above. In the example described above, only the search result and the
investigation result (external search result display field 308) from the systems 100 of the
organizations are displayed on the search UI screen 300 provided by the cooperation system
200. However, this is merely exemplary. For example, the search system 210 in the system
200 may be caused to make a search using the same search condition, a chain of links between

the data element found through the search and the user as the search requesting entity may be
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investigated, and the search result and the investigation result may be displayed in the search
UI screen 300. The displayed content may be similar to that displayed in the relationship
display field 410 of Fig. 17, for example.

[0127]

In a modification, the agent 250 may rank individual response items included in the
response information returned from each proxy 130 in response to the search request (i.e.
information that indicates which of the cooperation participant members is likely to have
access to the data element that meets the search condition, with a search result ID attached),
sort the response items in the ascending order of the rank, and present the sort result on the
search Ul screen 300.

[0128]

The ranking may be performed in accordance with the intimacy between the user as the
search requesting entity and the cooperation participant member related to the individual
search result ID included in the response information, for example. To this end, the agent
250 may hold a database for the intimacy among the cooperation participant members. In
this case, the agent 250 obtains the intimacy between the cooperation participant member who
is the user as the search requesting entity and the cooperation participant member
corresponding to the search result ID for the response item indicated by the individual search
result ID in the response information from each proxy 130, and provides a score that is higher
as the obtained intimacy is higher to the response item. Then, the response items are sorted
in the descending order of the score, and the sort result is displayed in the external search
result display field 308.

[0129]

The database for the intimacy may be constructed by each cooperation participant
member by registering his/her intimacy with other cooperation participant members, for
example. In another example, the frequency of communication (e.g. exchange of electronic
mails and posts on an electronic bulletin board and responses to the posts) among the
cooperation participant members via the cooperation system 200 may be summarized, and the
intimacy may be obtained in accordance with the frequency to be registered in the database.
[0130]

The score for ranking the response items may be obtained in accordance with the
number of hops in the link chain path in the same manner of thinking as the sorting performed

by the sorting section 22 discussed above. That is, as the number of hops in a chain of links
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obtained through an investigation is smaller, a higher score is given to a response item
corresponding to the chain of links. This is because it is considered that as the number of
hops in a chain of links is smaller, it is easier for the cooperation participant member at one
end point of the chain of links to access the data element that meets the search condition at the
other end point. In order to rank the response items on the basis of the number of hops in the
chain of links, for example, the proxy 130 may score the response items in accordance with
the number of hops, and provide such scores to the agent 250. In this scheme, for example,
the proxy 130 calculates the number of hops in the chain of links corresponding to the
individual response item (search result ID), and determines the score corresponding to the
number of hops in accordance with a relational expression determined in advance such that the
score is higher as the number of hops is smaller. Then, the score is included in the response
information in correlation with the search result ID, and provided to the agent 250. In the
case where plural chains of links are included in a response item corresponding to one search
result ID (e.g. the response item with a search result ID of "010001" in Fig. 14), the score may
be calculated using one of the plural chains of links with the smallest number of hops.

[0131]

The response items may be ranked on the basis of a total score obtained by totaling the
score based on the intimacy and the score based on the number of hops discussed above.
[0132]

The search devices 110 and 210, the proxy 130, and the agent 250 described above may
each be implemented by causing a general-purpose computer to execute a program that
represents processes of various functional modules discussed above, for example. Here, the
computer has a circuit configuration in which, for example, pieces of hardware such as a
microprocessor such as a CPU, a memory (primary storage) such as a random-access memory
(RAM) and a read-only memory (ROM), an HDD (hard disk drive) controller that controls an
HDD, various I/O (input/output) interfaces, and network interfaces that control connection
with a network such as a local area network are connected via a bus, for example. A disk
drive that reads data from and/or writes data into a portable disc recording medium such as a
CD and a DVD, a memory reader/writer that reads data from and/or writes data into a portable
non-volatile recording medium according to various standards such as a flash memory, etc.
may be connected to the bus by way of the I/O interfaces, for example. A program that
describes the content of processes performed by the functional modules described above is

stored in a stationary storage device such as the hard disk drive to be installed on the computer
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by way of a recording medium such as a CD and a DVD or by way of communication means

such as a network. The program stored in the stationary storage device is read by the RAM

and executed by the microprocessor such as the CPU to implement the group of functional

modules described above.

Reference Signs List

[0133]
10
12
14
16
20
22
24
32
34
36
38
51
53
55
57
59

DATABASE

BASE-POINT NODE DESIGNATION RECEIVING SECTION
UPPER-LIMIT-NUMBER-OF-HOPS DESIGNATION RECEIVING SECTION
SEARCH Ul

SEARCH PROCESSING SECTION

SORTING SECTION

SEARCH RESULT PRESENTING SECTION

SEARCH REQUEST ACQUIRING SECTION

SEARCH RESULT HOLDING SECTION

SEARCH RESULT RESPONDING SECTION

OBTAINMENT REQUEST PROCESSING SECTION
SEARCH CONDITION ACQUIRING SECTION

EXTERNAL SEARCH PROCESSING SECTION

MEMBER INFORMATION STORAGE SECTION

SEARCH RESULT PRESENTING SECTION

OBTAINMENT REQUEST PROCESSING SECTION

100A, 100B  SYSTEM OF ORGANIZATION

110
130
200
210
250

SEARCH DEVICE
PROXY

COOPERATION SYSTEM
SEARCH DEVICE
AGENT
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CLAIMS

1. An association search system comprising:

a plurality of databases with different collections of users having an access right
thereto; and

a search handling device,

wherein the search handling device includes

registered user storage means for storing access right information that indicates which
of the plurality of databases each registered user has an access right to, the registered user
having an access right to at least one of the plurality of databases and being registered in the
search handling device,

search request transmitting means for transmitting a search request to each of the
plurality of databases in a case where input of a search condition is received from a user as a
search requesting entity, the search request including identification information on the
registered user having an access right to the database and the search condition, and

search result providing means for providing the user as the search requesting entity
with information on the registered user having a link that is traceable via one or more chains of
links to a data element that suits the search condition on a basis of response information from
each of the plurality of databases to the search request, and

the plurality of databases each includes

graph storage means for storing information on a graph in which data elements are
defined as nodes and relationships among the data elements are defined as links, the data
elements including a user element that represents a user having an access right to the database,

search request acquiring means for acquiring the search request from the search
handling device,

data search means for searching the graph storage means for a data element that suits
the search condition in the acquired search request,

chain investigating means for investigating the graph storage means for a chain of the
links that connect between a node for a data element that suits the search condition retrieved
by the data search means and a node for a user element that represents the registered user
included in the search request, and

responding means for specifying, among the registered users having an access right to

the database, the registered user linked to the node for the data element that suits the search
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condition through the chain of links on a basis of a result of the investigation performed by the
chain investigating means, and responding to the search handling device with response

information that represents the specified registered user.

2. The association search system according to claim 1,

wherein the chain investigating means

determines a node for a user element that represents the registered user included in the
search request, or a node for a data element as a result of the search retrieved by the data
search means in accordance with the search condition included in the search request, as a base-
point node, and

obtains the chain of links that connect between a node for a user element that represents
the registered user included in the search request and a node for a data element as the result of
the search retrieved by the data search means in accordance with the search condition included
in the search request by repeatedly performing an investigation process for investigating the
graph storage means for an adjacent node, among adjacent nodes that are connected to an in-
focus node via one link, that meets an investigation condition that at least one of the in-focus
node and the adjacent node has an attribute determined in advance, by investigating for an
adjacent node that meets the investigation condition using the base-point node as the in-focus
node and investigating for an adjacent node that meets the investigation condition using the
adjacent node that meets the investigation condition obtained through the previous search as a

next in-focus node.

3. The association search system according to claim 1 or 2,

wherein the search handling device further includes

score calculating means for calculating, for the response information from each of the
plurality of databases to the search request, a search score that is higher as a number of hops in
the chain of links that connects between a node for the registered user represented in the
response information and a node for a data element that suits the search condition is smaller,
and

the search result providing means provides information on the registered users having a
link that is traceable via one or more chains of links to a data element that suits the search

condition as ranked on a basis of the search score calculated by the score calculating means.
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4. The association search system according to claim 1 or 2,

wherein the search handling device further includes

intimacy storage means for storing information on intimacy between the user as the
search requesting entity and each of the registered users, and

score calculating means for calculating, for response information from each of the
plurality of databases to the search request, a search score that is higher as the intimacy
between the registered user represented in the response information and the user as the search
requesting entity is higher, and

the search result providing means provides information on the registered users having a
link that is traceable via one or more chains of links to a data element that suits the search

condition as ranked on a basis of the search score calculated by the score calculating means.

5. A search handling device comprising:

registered user storage means for storing access right information that indicates which
of a plurality of databases each registered user has an access right to, the registered user
having an access right to at least one of the plurality of databases and being registered in the
search handling device;

search request transmitting means for transmitting a search request to each of the
plurality of databases in a case where input of a search condition is received from a user as a
search requesting entity, the search request including identification information on the
registered user having an access right to the database and the search condition; and

search result providing means for providing the user as the search requesting entity
with information on the registered user having a link that is traceable via one or more chains of
links to a data element that suits the search condition on a basis of response information from

each of the plurality of databases to the search request.

6. A database comprising:

graph storage means for storing information on a graph in which data elements are
defined as nodes and relationships among the data elements are defined as links, the data
elements including a user element that represents a user having an access right to the database;

search request acquiring means for acquiring from a search handling device a search

request including identification information on a registered user having an access right to the
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database and a search condition input by a user as a search requesting entity;

data search means for searching the graph storage means for a data element that suits
the search condition in the acquired search request;

chain investigating means for investigating the graph storage means for a chain of the
links that connect between a node for a data element that suits the search condition retrieved
by the data search means and a node for a user element that represents the registered user
included in the search request; and

responding means for specifying, among the registered users having an access right to
the database, the registered user linked to the node for the data element that suits the search
condition through the chain of links on a basis of a result of the investigation performed by the
chain investigating means, and responding to the search handling device with response

information that represents the specified registered user.

7. A program for causing a computer to function as:

registered user storage means for storing access right information that indicates which
of a plurality of databases each registered user has an access right to, the registered user
having an access right to at least one of the plurality of databases and being registered in the
search handling device;

search request transmitting means for transmitting a search request to each of the
plurality of databases in a case where input of a search condition is received from a user as a
search requesting entity, the search request including identification information on the
registered user having an access right to the database and the search condition; and

search result providing means for providing the user as the search requesting entity
with information on the registered user having a link that is traceable via one or more chains of
links to a data element that suits the search condition on a basis of response information from

each of the plurality of databases to the search request.

8. A program for causing a computer to function as:

graph storage means for storing information on a graph in which data elements are
defined as nodes and relationships among the data elements are defined as links, the data
elements including a user element that represents a user having an access right to the database;

search request acquiring means for acquiring from a search handling device a search

request including identification information on a registered user having an access right to the
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database and a search condition input by a user as a search requesting entity;

data search means for searching the graph storage means for a data element that suits
the search condition in the acquired search request;

chain investigating means for investigating the graph storage means for a chain of the
links that connect between a node for a data element that suits the search condition retrieved
by the data search means and a node for a user element that represents the registered user
included in the search request; and

responding means for specifying, among the registered users having an access right to
the database, the registered user linked to the node for the data element that suits the search
condition through the chain of links on a basis of a result of the investigation performed by the
chain investigating means, and responding to the search handling device with response

information that represents the specified registered user.



