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DESCRIPTION
TITLE OF INVENTION: INFORMATION PROCESSING SYSTEM AND
INFORMATION PROCESSING METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This international application claims the priority based on Japanese Patent
Application No. 2022-049442 filed on March 25, 2022 with the Japan Patent
Office, and the entire disclosure of Japanese Patent Application No. 2022-

049442 is incorporated by reference in this international application.

TECHNICAL FIELD
[0002] The present disclosure relates to an information processing system and an

information processing method.

BACKGROUND ART

[0003] Data fusion is an already-known technique. The applicant has disclosed
a technique for associating a first dataset related to a first group of consumers
with a second dataset related to a second group of consumers. The first dataset
contains feature data of clusters defined by clustering the first group of
consumers. The second dataset contains feature data of clusters defined by
clustering the second group of consumers. Based on similarity of the clusters,
the feature data of each of the clusters in the first dataset is associated with the
feature data of one of the clusters in the second dataset (see, for example, Patent

Document 1).

PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0004] Patent Document 1: Unexamined Japanese Patent Application Publication

No. 2016-126609



SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005]

[0006]

[0007]

Replacing feature data of individual consumers with feature data of
clusters is useful for transmitting and receiving consumer data while protecting
personal information.

However, it may not be possible to perform association between feature
data with high accuracy only by evaluating the similarity of the clusters based
on the content of the feature data. In other words, there has been a room for
improving the accuracy of association in prior art.

Accordingly, it is desirable that one aspect of the present disclosure can
provide a novel technique that enables appropriate association, with regard to
first clusters defined by clustering a first group of entities and second clusters
defined by clustering a second group of entities, between feature data of the first

clusters and feature data of the second clusters.

MEANS FOR SOLVING THE PROBLEMS

[0008]

[0009]

[0010]

[0011]

According to one aspect of the present disclosure, an information
processing system is provided. The information processing system includes a
first acquirer, a second acquirer, and an associator.

The first acquirer is configured to acquire a first dataset. The first dataset
is a dataset related to multiple first clusters. The multiple first clusters are
defined by clustering a first group of entities. The first dataset includes, for
each first cluster, a piece of first cluster feature data representing a feature of a
corresponding first cluster.

The second acquirer is configured to acquire a second dataset. The
second dataset is a dataset related to multiple second clusters. The multiple
second clusters are defined by clustering a second group of entities. The second
dataset includes, for each second cluster, a piece of second cluster feature data
representing a feature of a corresponding second cluster.

The associator is configured to associate each piece of multiple pieces of
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first cluster feature data included in the first dataset with one or more pieces of
multiple pieces of second cluster feature data included in the second dataset
based on information, with regard to one or more common entities, that enables
identification of a first cluster and a second cluster to which each of the one or
more common entities belongs. The one or more common entities are one or
more entities common to the first group and the second group.

According to the information processing system configured in this manner,
it is possible to accurately perform association between cluster-related feature
data by utilizing information about entities common to the first group and the
second group.

According to one aspect of the present disclosure, the associator may be
configured to associate each piece of the multiple pieces of first cluster feature
data with one or more pieces of the multiple pieces of second cluster feature data
so that, out of a first pair that is a pair of a first cluster and a second cluster
including an entity common with each other and a second pair that is a pair of a
first cluster and a second cluster not including any entity common with each
other, association of the piece of first cluster feature data and the piece of second
cluster feature data corresponding to the first pair is prioritized over the second
pair.

According to one aspect of the present disclosure, the associator may be
configured to, with regard at least to the second pair, determining a pair of the
first cluster and the second cluster to be associated with each other based on
positional relationship (for example, relative positions) in a feature space
between the first cluster and the second cluster determined from the piece of first
cluster feature data and the piece of second cluster feature data corresponding to
the second pair so as to associate the piece of first cluster feature data with the
piece of second cluster feature data.

According to one aspect of the present disclosure, the associator may be
configured to, with regard to one or more specified clusters among the multiple

first clusters, associate the piece of first cluster feature data of each of the one
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or more specified clusters with the piece of second cluster feature data of the
second cluster including a same entity as an entity in a corresponding specified
cluster. The one or more specified clusters are one or more first clusters each
of which includes at least one of the one or more common entities among the
multiple first clusters.

According to the information processing system configured in this manner,
it is possible to associate the piece of first cluster feature data with the piece of
second cluster feature data so as to be consistent with the relationship between
the first clusters and the second clusters to which the common entities belong.

According to one aspect of the present disclosure, the associator may be
configured to associate, with regard to a non-specified cluster among the
multiple first clusters other than the one or more specified clusters, determining
a pair of the first cluster and the second cluster to be associated with each other
based on positional relationship (for example, relative positions) in a feature
space between the first cluster and the second cluster determined from the piece
of first cluster feature data and the piece of second cluster feature data so as to
associate the piece of first cluster feature data with the piece of second cluster
feature data.

According to one aspect of the present disclosure, the associator may be
configured to, with regard to one or more non-common first clusters and one or
more non-common second clusters, determine relationship between each of the
one or more non-common first clusters and each of the one or more non-common
second clusters based on the piece of first cluster feature data of each of the one
or more non-common first clusters and the piece of second cluster feature data
of each of the one or more non-common second clusters. The associator may
be configured to associate the piece of first cluster feature data of each of the
one or more non-common first clusters with at least one piece of second cluster
feature data of at least one of the one or more non-common second clusters based
on the relationship determined. The one or more non-common first clusters are

one or more remaining clusters that are the multiple first clusters other than the
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one or more specified clusters. The one or more non-common second clusters
are one or more remaining clusters that are the multiple second clusters other
than one or more clusters associated with the one or more specified clusters.

According to the information processing system configured in this manner,
it is possible to associate the piece of first cluster feature data with the piece of
second cluster feature data so as to be consistent with presence or absence of
common entities.

According to one aspect of the present disclosure, the piece of first cluster
feature data may be a piece of data that defines a point of the corresponding first
cluster in a first feature space. The piece of second cluster feature data may be
a piece of data that defines a point of the corresponding second cluster in a
second feature space.

According to one aspect of the present disclosure, the associator may
perform a process of searching, using an evaluation function, a mapping that
maps a point of each of the multiple first clusters in the first feature space into
the second feature space.

According to one aspect of the present disclosure, the evaluation function
may be designed to output a value, with regard to a specified pair that is a pair
of the first cluster and the second cluster including a same entity, that varies in
a specified direction with a decrease in a distance in the second feature space
between the first cluster and the second cluster constituting the specified pair.

According to one aspect of the present disclosure, the evaluation function
may be designed to output a value, with regard to a pair of the first cluster and
the second cluster other than the specified pair, that varies in a direction opposite
to the specified direction with a decrease in a distance in the second feature space
between the first cluster and the second cluster. In this case, the associator may
be configured to search a mapping that makes the output of the evaluation
function to be the limit in a specified direction.

According to one aspect of the present disclosure, the evaluation function

may be designed to output a value, with regard to the specified pair, that is
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smaller for a shorter distance in the second feature space between the first cluster
and the second cluster constituting the specified pair. According to one aspect
of the present disclosure, the evaluation function may be designed to output a
value, with regard to a pair of the first cluster and the second cluster other than
the specified pair, that is greater for a shorter distance in the second feature space
between the first cluster and the second cluster. In this case the associator may
be configured to search a mapping that minimizes the output of the evaluation
function.

According to one aspect of the present disclosure, the associator may be
configured to perform a process of associating each piece of the multiple pieces
of first cluster feature data with one or more pieces of the multiple pieces of
second cluster feature data based on positional relationship (for example,
relative positions) between a point of each of the multiple first clusters in the
second feature space mapped by the mapping and a point of each of the multiple
second clusters in the second feature space.

According to the information processing system configured in this manner,
it is possible to obtain an appropriate mapping from the first feature space to the
second feature space focusing on common entities, and then associate the piece
of first cluster feature data with the piece of second cluster feature data. Thus,
it is possible to achieve highly accurate association.

According to one aspect of the present disclosure, the associator may be
configured to perform a process of associating the piece of first cluster feature
data of each of the one or more specified clusters with the piece of second cluster
feature data of the second cluster including a same entity. The associator may
be further configured to perform a process of associating the piece of first cluster
feature data of each of the one or more non-common first clusters with at least
one piece of second cluster feature data of at least one of the one or more non-
common second clusters based on positional relationship (for example, relative
positions) between a point of each of the one or more non-common first clusters

in the second feature space mapped by the mapping and a point of each of the
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one or more non-common second clusters in the second feature space.

According to one aspect of the present disclosure, the one or more common
entities may be multiple common entities. The multiple first clusters may be a
set of clusters defined by clustering the first group so that the multiple common
entities are arranged in the multiple first clusters in a dispersed manner. The
multiple second clusters may be a set of clusters defined by clustering the second
group so that the multiple common entities are arranged in the multiple second
clusters in a dispersed manner.

By dispersing the common entities to multiple clusters, that is, by
clustering the first group and the second group so that a single cluster does not
include a large number of common entities, it is possible to accurately determine
the correspondence relationship between the first clusters and the second clusters
through the common entities. Thus, it is possible to accurately associate the
piece of first cluster feature data with the piece of second cluster feature data.

According to one aspect of the present disclosure, the multiple first
clusters may be a set of clusters defined by clustering the first group so that
respective common entities of the multiple common entities belong to first
clusters different from each other. The multiple second clusters may be a set
of clusters defined by clustering the second group so that respective common
entities of the multiple common entities belong to second clusters different from
each other.

According to one aspect of the present disclosure, the piece of first cluster
feature data may be a piece of feature data generated by integrating multiple
pieces of feature data of multiple entities belonging to the corresponding first
cluster through a statistical process. The piece of second cluster feature data
may be a piece of feature data generated by integrating multiple pieces of feature
data of multiple entities belonging to the corresponding second cluster through
a statistical process.

To hide information about individual entities, pieces of cluster feature data

in which features of entities are statistically compiled may be provided from a
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data holder. According to one aspect of the present disclosure, it is possible to
appropriately perform association between pieces of cluster feature data that
have been subjected to such statistical processing.

According to one aspect of the present disclosure, the multiple entities may
be multiple consumers. The multiple pieces of feature data of the multiple
entities may be multiple pieces of feature data describing features of the multiple
consumers.

According to one aspect of the present disclosure, a computer program for
at least partially implementing the functions of the aforementioned information
processing system may be provided. According to one aspect of the present
disclosure, a computer program for causing a computer to function as the first
acquirer, the second acquirer, and the associator in the aforementioned
information processing system may be provided. The computer program may
be stored on a computer-readable non-transitory recording medium.

According to one aspect of the present disclosure, an information
processing method corresponding to the aforementioned information processing
system may be provided. According to one aspect of the present disclosure, an
information processing method performed by a computer may be provided.

According to one aspect of the present disclosure, the information
processing method may include acquiring a first dataset. The first dataset may
be a dataset related to multiple first clusters. The multiple first clusters are
defined by clustering a first group of entities. The first dataset may include,
for each first cluster, a piece of first cluster feature data representing a feature
of a corresponding first cluster.

The information processing method may include acquiring a second dataset.
The second dataset is a dataset related to multiple second clusters. The multiple
second clusters may be defined by clustering a second group of entities. The
second dataset may include, for each second cluster, a piece of second cluster
feature data representing a feature of a corresponding second cluster.

The information processing method may include associating each piece of
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multiple pieces of first cluster feature data included in the first dataset with one
or more pieces of multiple pieces of second cluster feature data included in the
second dataset based on information, with regard to one or more common entities,
that enables identification of a first cluster and a second cluster to which each of
the one or more common entities belongs. The one or more common entities
may be one or more entities common to the first group and the second group.

[0039] As with the information processing system described above, this
information processing method also makes it possible accurately perform
association between cluster-related feature data by utilizing information about
entities common to the first group of entities corresponding to the first dataset
and the second group of entities corresponding to the second dataset.

[0040] According to one aspect of the present disclosure, a computer program may
be provided that contains instructions for causing a computer to perform the
aforementioned information processing method when the computer program is
executed by the computer. A computer-readable recording medium storing the

computer program may be provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041] FIG. 1 is a block diagram showing a configuration of an information
processing system.

FIG. 2A is a diagram illustrating an operation in a data providing system,
and FIG. 2B is a diagram showing a configuration of example cluster feature
data.

FIG. 3 is an explanatory diagram relating to clustering of a consumer group
including common consumers (white circles) and non-common consumers (black
circles).

FIG. 4 is a flowchart illustrating an acquisition-related process performed
by a processor of the information processing system.

FIG. 5A is a diagram showing a first cluster-consumer relationship table,

FIG. 5B is a diagram showing a second cluster- consumer relationship table, and
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FIG. 5C is a diagram illustrating a cluster relationship table.

FIG. 6 is a flowchart illustrating an analysis process performed by the
processor of the information processing system.

FIG. 7A is a flowchart illustrating a first example of a partial procedure in
the analysis process, and FIG. 7B is a flowchart illustrating a second example of
the partial procedure in the analysis process.

FIG. 8A is a flowchart illustrating a first example of a clustering process,
and FIG. 8B is a flowchart illustrating a second example of the clustering process.

FIG. 9 is a flowchart illustrating an analysis process in a variation.

EXPLANATION OF REFERENCE NUMERALS

[0042]

I...information processing system, 1l...processor, 13...memory,
15...storage, 15A.. first dataset, 15B...second dataset, 15C...extended dataset,
17...user interface, 19...communication interface, 31...first data providing
system, 32...second data providing system, 311...processor, 312...memory,

321...processor, 322...memory, Pr...computer program.

MODE FOR CARRYING OUT THE INVENTION

[0043]

[0044]

[0045]

[0046]

Example embodiments of the present disclosure will be described below
with reference to the drawings.

As shown in FIG. 1, an information processing system 1 of the present
embodiment includes a processor 11, a memory 13, a storage 15, a user interface
17, and a communication interface 19.

The processor 11 performs processing in accordance with a computer
program Pr stored in the storage 15. The memory 13 is a primary storage device
that includes a RAM. The memory 13 is used as a work area when processing
is performed by the processor 11.

The storage 15 is a secondary storage device that includes, for example, a
hard disk drive or a solid state drive. The storage 15 stores, in addition to the

computer program Pr, various data that are used when processing in accordance
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with the computer program Pr is executed.

The user interface 17 includes an input device for inputting an operation
signal from a user operating the information processing system 1 to the processor
11. Examples of the input device include keyboards and pointing devices.
The user interface 17 further includes a display for displaying various types of
information to the user.

The communication interface 19 is connected to a Wide Area Network.
The information processing system 1 is configured to be capable of
communicating with a first data providing system 31 and a second data providing
system 32 through the communication interface 19.

The processor 11, by execution of processing in accordance with the
computer program Pr, acquires a first dataset 15A from the first data providing
system 31 and acquires a second dataset 15B from the second data providing
system 32 through the communication interface 19.

The processor 11 combines the acquired first dataset 15A with the second
dataset 15B to thereby generate an extended dataset 15C that is a data-enriched
version of the first dataset 15A.

The first dataset 15A i1s a dataset related to to first clusters defined by
clustering a first group of entities and includes, for each first cluster, cluster
feature data representing features of a corresponding first cluster.

The second dataset 15B is a dataset related to second clusters defined by
clustering a second group of entities and includes, for each second cluster, cluster
feature data representing features of a corresponding second cluster.

According to the present embodiment, the entities are consumers. That
is, the first dataset 15A related to first clusters defined by clustering a first group
of consumers and includes cluster feature data for each first cluster.

As shown in FIG. 2A, the first data providing system 31 stores consumer
feature data of consumers in the first group. Each consumer feature data
represents features of a corresponding consumer. The first data providing

system 31 performs a clustering process, thereby clustering the first group into



[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

-12 -

the first clusters.

Further, the first data providing system 31 statistically processes, for each
first cluster, a group of the consumer feature data related to a corresponding first
cluster and generates the cluster feature data of each first cluster.

Each cluster feature data is generated by integrating the consumer feature
data of the consumers belonging to the corresponding cluster through a statistical
process. The statistical process is performed for protecting personal
information, for example. The first data providing system 31 provides the
information processing system 1 with the first dataset 15A including the cluster
feature data of each first cluster generated in this manner.

The first data providing system 31 includes a processor 311 and a memory
312. The processor 311 performs the clustering process and the statistical
process in accordance with computer programs stored in the memory 312.

Also, the second data providing system 32 includes a processor 321 and a
memory 322. The first data providing system 32 stores the consumer feature
data of the consumers in the second group. In the same way as the first data
providing system 31, the processor 321 performs the clustering process and the
statistical process on a group of the consumer feature data held by the second
data providing system 32 in accordance with computer programs stored in the
memory 322.

As a result, the second data providing system 32 generates the second
dataset 15B related to the second clusters defined by clustering the second group
of consumers and includes, for each second cluster, the cluster feature data
representing the features of a corresponding second cluster, and provides the
information processing system 1 with the second dataset 15B.

The consumer feature data represents the features of a corresponding
consumer as a vector using values of elements. The cluster feature data also
represents the features of a corresponding cluster as a vector using values of
elements.

The value of each element in the cluster feature data is the statistically
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representative value of the corresponding element in a consumer set belonging
to the corresponding cluster. The representative value may include one or more
of the mean, the median, a combination of the mean and the variance, and a
combination of the maximum value and the minimum value of the corresponding
element in the consumer set.

The cluster feature data shown in FIG. 2B describes a value of each
element representing a feature of the corresponding cluster and a cluster size in
association with a cluster ID which is an identification code of the cluster. The
cluster size corresponds to the number of consumers constituting the
corresponding cluster.

Further, in the present embodiment, the information processing system 1
communicates with the first data providing system 31 and the second data
providing system 32, taking into account the possibility that there may be
consumers common to the first group of consumers and the second group of
consumers.

As a result, the information processing system 1 determines consumers
who are commonly present in the first group and the second group as common
consumers, and transmits a common consumer list to the first data providing
system 31 and the second data providing system 32.

The first data providing system 31 clusters the first group based on the
common consumer list so that the common consumers are arranged in the first
clusters in a dispersed manner. If the number of common consumers is equal
to or less than the number of clusters, the first data providing system 31 clusters
the first group so that the respective common consumers belong to the clusters
different from each other.

FIG. 3 illustrates clustering of a set of consumers represented by white
circles and black circles in such a manner that a single cluster includes as few
common consumers as possible, ideally a single cluster includes one common
consumer. An area surrounded by a dashed circle corresponds to one cluster.

Each white circle represents one common consumer, and each black circle
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represents a consumer who is not a common consumer, that is, one non-common
consumer.

Similarly, the second data providing system 32 clusters the second group
so that the common consumers are arranged in the second clusters in a dispersed
manner. If the number of common consumers is equal to or less than the
number of clusters, the second data providing system 32 clusters the second
group so that the respective common consumers belong to the second clusters
different from each other.

The information processing system 1 acquires, from the first data
providing system 31, the first dataset 15A containing the cluster feature data of
each first cluster generated by such clustering. The information processing
system 1 further acquires, from the second data providing system 32, the second
dataset 15B containing the cluster feature data of each second cluster.

FIG. 4 illustrates details of an acquisition-related process performed by the
processor 11 of the information processing system 1 to acquire the first dataset
15A and the second dataset 15B. The processor 11 initiates the acquisition-
related process based on an instruction from the user via the user interface 17.

When the acquisition-related process begins, the processor 11 acquires a
list of consumers belonging to the first group from the first data providing system
31 as a first consumer list (S110). The first consumer list contains, for each
consumer belonging to the first group, information about a consumer ID which
is an identification code of the corresponding consumer.

The processor 11 further acquires a list of consumers belonging to the
second group from the second data providing system 32 as a second consumer
list (S120). The second consumer list contains, for each consumer belonging
to the second group, information about the consumer ID.

To identify the common consumers, the same type of consumer 1Ds may
be described in the first consumer list and the second consumer list. An
example of the consumer IDs may be advertising IDs. Alternatively, the

consumer IDs may be IDs given to a large number of consumers, such as those
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epitomized by a membership IDs for a reward program with a vast number of
members.

First consumer IDs, which are the consumer IDs used in the first consumer
list, may be a type of identification codes different from second consumer IDs,
which are the consumer IDs used in the second consumer list. In this case, a
table may be required that indicates the correspondence relationship between the
first consumer ID and the second consumer ID to identify the same person.

In subsequent S130, the processor 11 determines one or more common
consumers, who are one or more consumers common to the first group and the
second group, by comparing the consumer IDs listed in the first consumer list
with the consumer IDs listed in the second consumer list, and generates the
common consumer list.

In subsequent S140, the processor 11 transmits the common consumer list
generated in S130 to the first and second data providing systems 31, 32, and
causes the first and second data providing systems 31, 32 to generate the above-
described first dataset 15A and second dataset 15B based on this list.

In subsequent S150, the processor 11 acquires the first dataset 15A and a
first cluster-consumer relationship table from the first data providing system 31.
The first cluster consumer relationship table describes, for example as shown in
FIG. 5A, a first cluster ID for the consumer ID of each common consumer. The
first cluster ID is an identification code of the first cluster to which the
corresponding consumer belongs. The first data providing system 31 is
configured to transmit the first cluster-consumer relationship table to the
information processing system 1 together with the first dataset 15A.

The processor 11 acquires the second dataset 15B and a second cluster
consumer relationship table from the second data providing system 32 (S160).
The second cluster consumer relationship table describes, for example as shown
in FIG. 5B, a second cluster ID for the consumer ID of each common consumer.
The second cluster ID is an identification code of the second cluster to which the

corresponding consumer belongs. The second data providing system 32 is
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configured to transmit the second cluster-consumer relationship table to the
information processing system 1 together with the second dataset 15B.

In subsequent S170, based on the acquired first and second cluster-
consumer relationship tables, the processor 11 generates a cluster relationship
table, shown in FIG. 5C, which shows a combination of the first cluster and the
second cluster in which the same consumer is included.  The cluster
relationship table corresponds to information that enables identification of the
first cluster and the second cluster to which each common consumer belongs.
The cluster relationship table, shown as an example in FIG. 5C, indicates a
combination of the first cluster and the second cluster in which the same common
consumer is included by a combination of the first cluster ID and the second
cluster ID.

In subsequent S180, the processor 11 saves the cluster relationship table
generated in S170 in the storage 15 together with the first dataset 15A and the
second dataset 15B, and ends the process illustrated in FIG. 4.

Subsequently, details of an analysis process performed by the processor 11
will be described using FIG. 6. The analysis process is performed based on an
instruction from the user via the user interface 17, for example.

When the analysis process begins, the processor 11 reads out, from the
storage 15, the first dataset 15A designated by the user and generates an array
Dr based on the cluster feature data of each first cluster contained in the read
first dataset 15A (S210).

For example, when there are K1 clusters and K1 pieces of cluster feature
data each represent the features of the cluster in an L1-dimensional feature vector
including L1 elements, the array Dris a two-dimensional array with K1 rows and
L1 columns.

Each row vector Dy[i]=(xi[1], xi[2], xi[3], ..., xi[L1]) in the array Dr is the
L1-dimensional feature vector of the corresponding i-th first cluster. Here, i
corresponds to the row number in the array D and takes an integer value ranging

from a value of 1 to K1 corresponding to the number of clusters KI.
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Hereinafter, an L1-dimensional space that corresponds to a feature vector
Di[i] represented by the cluster feature data contained in the first dataset 15A
will be expressed as a first feature space. The feature vector D¢[i] defines a
point at which the corresponding first cluster is located in the first feature space.
The first feature space is an LIl-dimensional space having dimensions
respectively corresponding to the L1 elements of the feature vector Dy[i].

In subsequent S220, the processor 11 reads out, from the storage 15, the
second dataset 15B designated by the user and generates an array D based on
the cluster feature data of each second cluster contained in the read second
dataset 15B.

For example, when there are K2 clusters and K2 pieces of cluster feature
data each represent the features of the cluster in an L2-dimensional feature vector
including L2 elements, the array Ds is a two-dimensional array with K2 rows and
L2 columns.

Each row vector Ds[j]=(yi[1], yi[2], yi[3], ..., yj[L2]) in the array Dy is the
L2-dimensional feature vector of the corresponding j-th second cluster. Here,
j corresponds to the row number in the array Ds and takes an integer value
ranging from a value of 1 to K2 corresponding to the number of clusters K2.

Hereinafter, an L2-dimensional space corresponding to a feature vector
Ds[j] represented by the cluster feature data contained in the second dataset 15B
will be expressed as a second feature space. The feature vector Dg[j] defines a
point at which the corresponding second cluster is located in the second feature
space. The second feature space is an L2-dimensional space having dimensions
respectively corresponding to the L2 elements of the feature vector Ds[j].

In subsequent S230, the processor 11 searches a function g that minimizes
the following evaluation function E. In this manner, the processor 11 searches
a mapping that best maps each of points corresponding to the respective common
consumers in the first feature space identified from the first dataset 15A near the
point of the same person in the second feature space identified from the second

dataset 15B.
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[Mathematical Formula 1]

E= Y dg@ a7 I Da D - Y dGo(; [47Iml]). D4z 1))
mmn eEM1 mmn EM2

In the above formula, m means the m-th consumer in a consumer group
corresponding to the K1 first clusters whose cluster feature data are described in
the first dataset 15A.

The consumer group here may be a consumer group that corresponds to K1
first clusters interpreted when each first cluster is considered to include
consumers corresponding to the cluster size thereof.  Alternatively, the
consumer group may be a group of K1 consumers that corresponds to K1 first
clusters interpreted when each cluster is considered to include one representative
consumer. Arf![m] means that the first cluster to which the m-th consumer
belongs is the Af![m]-th cluster among the K1 clusters.

In the above formula, n means the n-th consumer in a consumer group
corresponding to the K2 second clusters whose cluster feature data are described
in the second dataset 15B. The consumer group here may be a consumer group
that corresponds to K2 second clusters interpreted when each second cluster is
considered to include consumers corresponding to the cluster size thereof.
Alternatively, the consumer group may be a group of K2 consumers that
corresponds to K2 second clusters interpreted when each cluster is considered to
include one representative consumer. A '[n] means that the second cluster to
which the n-th consumer belongs is the As![n]-th cluster among the K2 clusters.

d(vl, v2) is a distance function and represents the distance (for example,
Mahalanobis distance) between a vector vl and a vector v2. 1 is a design
parameter and is defined by the user, in other words, by an analyst.

The first term and the second term of the evaluation function E each
represent the sum Y d(g(De[Ar'[m]]), Ds[As'[n]]) of a distance d(g(DfAr'[m]]),
Ds[As'[n]]) between a point g (DfAf'[m]]) in the second feature space and a
point Ds[As![n]] in the second feature space when a point Df[A¢![m]] in the first

feature space is mapped to a point in the second feature space by the function g
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as amapping. The point DfAf'[m]] is the point D A¢![m]] in the first feature
space of the Af!'[m]-th first cluster to which the m-th consumer in the first group
belongs. The point Ds[As'[n]] is the point Ds[As![n]] in the second feature
space of the Ay![n]-th second cluster to which the n-th consumer in the second
group belongs.

However, the first term of the evaluation function E is, according to the
cluster relationship table, the sum Y d(g(DsfAr![m]]), Ds[As![n]]) for a set M1
of combinations of m and n in which the same consumer is present in the Af
'Im]-th first cluster and the As'[n]-th second cluster. That is, the first term of
the evaluation function E is the sum Y d(g(Df{Ar![m]]), Ds[As'[n]]) for same
consumer combinations (m, n).

The second term of the evaluation function E is, according to the cluster
relationship table, the sum Yd(g(DfAr![m]]), Ds[As![n]]) for a set M2 of
combinations of m and n in which the same consumer is not present in the A
[m]-th first cluster and the Ay '![n]-th second cluster. That is, the second term
of the evaluation function E is the sum Yd(g(D{Ar!'[m]]), Ds[As![n]]) for
different consumer combinations (m, n).

This evaluation function E is a function that outputs a value: with regard
to specified pairs each of which is a pair of the first cluster and the second cluster
that include the same consumer, that is smaller for a shorter distance in the
second feature space between the first cluster and the second cluster constituting
the specified pair; and, with regard to pairs of the first cluster and the second
cluster other than the specified pairs, that is greater for a smaller distance in the
second feature space between the first cluster and the second cluster.

Thus, searching the function g that minimizes the evaluation function E
enables searching a mapping that best maps each of the points corresponding to
the respective common consumers in the first feature space identified from the
first dataset 15A to a position near the point of the same person in the second
feature space identified from the second dataset 15B. According to this

mapping, the distance between non-identical persons is large in the second
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feature space. The function g may be a transformation orthogonal matrix or a
multi-layer perceptron.

After searching the function g that minimizes the evaluation function E in
S230, the processor 11 associates each of the first clusters to one or more second
clusters based on the positional relationship (in other words, the relative
positions) between the points g (DfAf'[m]]) in the second feature space of the
K1 first clusters mapped by the searched function g and the points Ds[As'[n]] in
the second feature space of the K2 second clusters (S240).

For example, the processor 11 assumes that at each point there are a certain
number of consumers that matches the cluster size of the corresponding cluster,
and associates each of the first clusters to one or more second clusters by solving
an optimal transportation problem.

For example, in S240, the processor 11 may perform the processing shown
in FIG. 7A. According to this processing, based on the cluster relational table,
the processor 11 sets, with regard to pairs of the first cluster and the second
cluster in each pair of which the first cluster and the second cluster include the
same consumer, the distance between the first cluster and the second cluster to a
specified value of € (S241). The value of € may be, for example, zero or close
to zero.

With regard to pairs of the first cluster and the second cluster not including
the same consumer, the processor 11 uses the distance in the second feature space
between the first cluster and the second cluster identified from the feature vector
g(Df[Ar'[m]]) and the feature vector Ds[As![n]] unchanged to solve the
aforementioned optimal transportation problem, and thereby associates each of
the first clusters to one or more second clusters (S243).

Alternatively, in S240, the processor 11 may perform the processing shown
in FIG. 7B. According to this processing, with regard to the pairs of the first
cluster and the second cluster each pair of which the first cluster and the second
cluster include the same consumer, the processor 11 equally associates on a pair-

by-pair basis the first cluster with the pairwise-corresponding second cluster
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without referring to the cluster feature data (S245).

With regard to a group of pairs of the first cluster and the second cluster
not including the same consumer, each of the first clusters is associated with one
or more second clusters based on the positional relationship between the point g
(Di[Af!'[m]]) in the second feature space of the first cluster identified from the
cluster feature data and the point Ds[As![n]] in the second feature space of the
second cluster, on a pair-by-pair basis (S247).

For example, only for the group of pairs of first cluster and the second
cluster not including the same consumer, the processor 11 associates each of the
first clusters with one or more second clusters by solving an optimal
transportation problem for the group (S247).

Upon completing the processing in S240 in this manner, the processor 11
combines the first dataset 15A and the second dataset 15B so that the cluster
feature data of each first cluster contained in the first dataset 15A is combined
with the cluster feature data of the one or more second clusters that are contained
in the second dataset 15B and have been associated by the processing of S240.
Through this combining (that is, data fusion), the processor 11 generates the
extended dataset 15C and stores the same in the storage 15 (S250).
Subsequently, the processor 11 ends the analysis process.

According to the information processing system 1 of the present
embodiment described above, it is possible to accurately perform association
between cluster-related feature data by utilizing information about consumers
common to the first group of consumers corresponding to the first dataset 15A
and the second group of consumers corresponding to the second dataset 15B.
In particular, it is possible to associate the first cluster feature data with the
second cluster feature data so that the first cluster and the second cluster
including the same consumer are associated with each other.

To improve the accuracy of association, it is preferable that the clustering
process be performed in the first data providing system 31 and the second data

providing system 32 so that each cluster includes as few common consumers as
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possible, ideally so that each cluster includes one common consumer.

For this purpose, the first data providing system 31 and the second data
providing system 32 may perform a clustering process shown in FIG. 8 A which
is an improvement of the k-means method.

That is, the processor 311 of the first data providing system 31 may
perform, as the clustering process, processing (S300) to cluster the first group
into K clusters where K is a specified number so that the following penalized
evaluation function H is minimized.

[Mathematical Formula 2]

H=) > I(m € ADWImId(CIK], DIm]) + 4 ) 1(A™[1] == A7)

m k LjEQ

The first term of the evaluation function H is an evaluation function in
accordance with the k-means method, and the second term of the evaluation
function H is a term in which a penalty A is added when two or more common
consumers are present in one cluster.

In the evaluation function H, m is an index of a consumer and k is an index
of a cluster. A[k] is a consumer set constituting the k-th cluster. The indicator
function I(m €AJ[k]) is a function that returns a value of 1 when the m-th
consumer is present in the consumer set constituting the k-th cluster, and returns
a value of 0 when it is otherwise. W[m] is the weight of the m-th consumer.
The weight W may be understood to be one.

C[k] is the center vector of the k-th cluster, and D[m] is the feature vector
of the m-th consumer identified from the consumer feature data of the m-th
consumer. A°'[i] indicates that the cluster to which the i-th consumer belongs
is the A"!'[i]-th cluster among the K clusters.

The indicator function I(A !'[i]==A"![j]) is a function that returns a value
of 1 when the i-th consumer and the j-th consumer are present in the same cluster
in a common consumer set Q, and returns a value of 0 when the i-th consumer
and the j-th consumer are not present in the same cluster.

That is, the second term of the evaluation function H is a term obtained by
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multiplying the sum of values of I(A"![i]J==A"![j]) by the penalty A where values
of I(A"'[i]==A"![j]) are for combinations of consumers who are in the common
consumer set Q and i#j. The penalty A may be defined to be a positive value
by the designer.

As with the first data providing system 31, the processor 321 of the second
data providing system 32 is also capable of clustering the second group into
second clusters in accordance with the penalized evaluation function H.

In another example, the processor 311 of the first data providing system
31 may perform a clustering process shown in FIG. §B.

According to the clustering process shown in FIG. 8B, the processor 311
sets K empty clusters (S410) where K is a specified number. Then, the
processor 311 randomly selects, from the first group of consumers, one of the
common consumers who is common to the second group as a target consumer
(S420).

Subsequently, the processor 311 determines whether there are any empty
clusters to which no common consumer is assigned among the set K clusters
(S430). If the processor 311 determines that there are one or more empty
clusters (Yes in S430), the processor 311 assigns the target consumer to one
empty cluster (S440).

In subsequent S450, the processor 311 determines whether all the common
consumers have each been assigned to any one of the K clusters. If the
processor 311 makes a negative determination here (No in S450), the processor
311 selects another common consumer as the target consumer in S420, and
performs the processing of S430 and following steps for the selected target
consumer.

In this manner, the processor 311 performs the processing of S430 and the
following steps for each common consumer, and assigns each common consumer
to one of the K clusters.

In a case where the number of common consumers is smaller than the

number of clusters, no negative determination is made in S430, and the common
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consumers are each assigned to one of the K clusters. In contrast, in a case
where the number of common consumers is greater than the number of clusters,
the processor 311, after assigning each of K common consumers to an empty
cluster, determines in S430 that there are no empty clusters when selecting
another common consumer from the remaining common consumers as the target
consumer.

The processor 311, if determining in S430 that there is no empty cluster,
assigns the target consumer to a cluster for which the following evaluation
function R=d(C[k], D[i]) is minimum (S445).

In the evaluation function R, C[k] is the center vector of the k-th cluster,
and D[i] is the feature vector of the i-th consumer, who is the target consumer,
identified from the consumer feature data of the i-th consumer. d() is a distance
function.

After the cluster assignment in S445, the processor 311 performs the
processing of S450. The processor 311, when determining in S450 that all the
common consumers have each been assigned to one of the K clusters, assigns
each of remaining non-common consumers in the first group to a nearby cluster
so as to minimize the sum of the distances between the feature vectors of the
consumers and the center vectors of the clusters as with the case of the k-means
method (S460).

The processor 311 clusters the first group of consumers into K clusters by
assigning each consumer belonging to the first group to one of the K clusters in
this manner. Then, the processor 311 ends the clustering process shown in FIG.
8B.

According to this clustering process, when the number of common
consumers is smaller than the number of clusters, it is possible to assign the
common consumers to multiple clusters in a dispersed manner so that each
cluster includes one common consumer. Thus, it is possible to perform
association of the first clusters with the second clusters in the information

processing system 1 with high accuracy based on the information about the
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common consumer.

The technology of the present disclosure described above is not limited to
the above-described embodiment, and may be implemented in various manner.

In the above-described embodiment, even if there is no common element
between the cluster feature data contained in the first dataset 15A and the cluster
feature data contained in the second dataset 15B as an element that describes a
feature of the clusters, it is possible to associate the first clusters with the second
clusters by searching the mapping (function g).

If there is a common element, that is, if there is a common variable,
association between the first clusters and the second clusters may be performed
by solving the optimal transportation problem based only on this common
variable. There may be cases where the cluster feature data contained in the
first dataset 15A and the cluster feature data contained in the second dataset 15B
have a common element that describes the feature of the clusters. That is, there
may be cases where there is a common variable between the feature vector (x;i[1],
xi[2], xi[3], ..., xi[L1]) of the cluster feature data contained in the first dataset
15A and the feature vector (yj[1], yi[2], yi[3], ..., yj[L2]) of the cluster feature
data contained in the second dataset 15B.

In this case, the processor 11 may perform an analysis process shown in
FIG. 9 in place of the analysis process shown in FIG. 6. When the analysis
process shown in FIG. 9 begins, the processor 11 reads out the designated first
dataset 15A from the storage 15 in S510. Based on the cluster feature data of
each first cluster contained in the read first dataset 15A, the processor 11
generates, for each first cluster, a feature vector Dr [i]=(xi[1], xi[2], xi[3], ...,
xi[LO]) consisting only of common variables.

It is assumed here that LO elements xi[1], xi[2], xi[3], ..., xi[LO] out of L1
elements describing the features of the first cluster in the first dataset 15A, and
LO elements yj[1], yj[2], yi[3], ..., yj[LO] out of L2 elements describing the
features of the second cluster in the second dataset 15B are common variables.

In subsequent S520, the processor 11 reads out the designated second
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dataset 15B from the storage 15. Based on the cluster feature data of each
second cluster contained in the read second dataset 15B, the processor 11
generates, for each second cluster, a feature vector D5 [j]1=(yi[1], yi[2], i[3], ..,
y;j[LO]) consisting only of common variables.

In subsequent S540, based on the distance in the feature space between the
feature vector D¢ [i] and the feature vector Ds'[j] for each combination of the
first cluster and the second cluster, the processor 11 associates each of the first
clusters to one or more second clusters by solving the optimal transportation
problem.

In S540, as with the processing shown in FIG. 7A, the processor 11 may
set the distance between the first cluster and the second cluster to the specified
value of € and solve the optimal transportation problem with regard to pairs of
the first cluster and the second cluster in each pair of which the first cluster and
the second cluster includes the same consumer.

Alternatively, with regard to the pairs of the first cluster and the second
cluster in each pair of which the first cluster and the second cluster include the
same consumer, the processor 11 may equally associate on a pair-by-pair basis
the first cluster with the pairwise-corresponding second cluster without referring
to the cluster feature data. For a group of pairs of first cluster and second
cluster not including the same consumer, the processor 11 may associate each of
the first clusters to one or more second clusters by solving the optimal
transportation problem based on the distance in the feature space between the
feature vector Dr [i] and the feature vector Ds"[j].

In subsequent S550, the processor 11 combines the first dataset 15A and
the second dataset 15B in accordance with the association in S540, so as to
combine the cluster feature data of each first cluster contained in the first dataset
15A with the cluster feature data of the one or more associated second clusters
contained in the second dataset 15B. Through this combining, the processor 11
generates the extended dataset 15C and stores the same in the storage 15.

Subsequently, the processor 11 ends the analysis process.
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The analysis process shown in FIG. 9 focuses on common variables and
enables data fusion between the first dataset 15A and the second dataset 15B
with a low-load procedure.

The above has described an example in which the technology of the present
disclosure is applied to combining of datasets containing consumer feature data.
However, the technology of the present disclosure may be applied to examples
of various entities other than consumers, including information terminals and
automobiles. That is, the entities may be other than consumers and may be non-
human.

One or a plurality of functions of one component in the aforementioned
embodiments may be distributed as a plurality of components, or one or a
plurality of functions of a plurality of components may be integrated into one
component. A part of the configurations of the aforementioned embodiments
may be omitted. At least a part of the configurations of the aforementioned
embodiments may be added to or replaced with another configuration of the
aforementioned embodiments. Any and all embodiments encompassed by the
technical idea defined by the language of the claims are embodiments of the

present disclosure.
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CLAIMS

1. An information processing system comprising:

a first acquirer configured to acquire a first dataset related to multiple first
clusters defined by clustering a first group of entities, the first dataset including, for each
first cluster, a piece of first cluster feature data representing a feature of a corresponding
first cluster;

a second acquirer configured to acquire a second dataset related to multiple
second clusters defined by clustering a second group of entities, the second dataset
including, for each second cluster, a piece of second cluster feature data representing a
feature of a corresponding second cluster; and

an associator configured to associate each piece of multiple pieces of first cluster
feature data included in the first dataset with one or more pieces of multiple pieces of
second cluster feature data included in the second dataset based on information, with
regard to one or more common entities that are one or more entities common to the first
group and the second group, that enables identification of a first cluster and a second

cluster to which each of the one or more common entities belongs.

2. The information processing system according to claim 1,

wherein the associator is configured to, with regard to one or more specified
clusters among the multiple first clusters, associate the piece of first cluster feature data
of each of the one or more specified clusters with the piece of second cluster feature data
of the second cluster including a same entity, and

wherein the one or more specified clusters are one or more first clusters each of
which includes at least one of the one or more common entities among the multiple first

clusters.

3. The information processing system according to claim 2,
wherein the associator is configured to:

with regard to one or more non-common first clusters and one or more non-
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common second clusters, determine relationship between each of the one or more non-
common first clusters and each of the one or more non-common second clusters based on
the piece of first cluster feature data of each of the one or more non-common first clusters
and the piece of second cluster feature data of each of the one or more non-common
second clusters; and
associate the piece of first cluster feature data of each of the one or more
non-common first clusters with at least one piece of second cluster feature data of at least
one of the one or more non-common second clusters based on the relationship determined,
wherein the one or more non-common first clusters are one or more remaining
clusters that are the multiple first clusters other than the one or more specified clusters,
and
wherein the one or more non-common second clusters are one or more remaining
clusters that are the multiple second clusters other than one or more clusters associated

with the one or more specified clusters.

4. The information processing system according to claim 1 or 2,
wherein the piece of first cluster feature data defines a point of the corresponding
first cluster in a first feature space,
wherein the piece of second cluster feature data defines a point of the
corresponding second cluster in a second feature space,
wherein the associator is configured to perform:
a process of searching, using an evaluation function, a mapping that maps
a point of each of the multiple first clusters in the first feature space into the second
feature space; and
a process of associating each piece of the multiple pieces of first cluster
feature data with one or more pieces of the multiple pieces of second cluster feature data
based on positional relationship between a point of each of the multiple first clusters in
the second feature space mapped by the mapping and a point of each of the multiple
second clusters in the second feature space, and

wherein the evaluation function is designed to output a value:
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with regard to a specified pair that is a pair of the first cluster and the
second cluster including a same entity, that varies in a specified direction with a decrease
in a distance in the second feature space between the first cluster and the second cluster
constituting the specified pair; and

with regard to a pair of the first cluster and the second cluster other than
the specified pair, that varies in a direction opposite to the specified direction with a
decrease in a distance in the second feature space between the first cluster and the second

cluster.

5. The information processing system according to claim 3,

wherein the piece of first cluster feature data defines a point of the corresponding
first cluster in a first feature space,

wherein the piece of second cluster feature data defines a point of the
corresponding second cluster in a second feature space,

wherein the associator is configured to perform:

a process of searching, using an evaluation function, a mapping that maps
a point of each of the multiple first clusters including the one or more specified clusters
in the first feature space into the second feature space;

a process of associating the piece of first cluster feature data of each of the
one or more specified clusters with the piece of second cluster feature data of the second
cluster including a same entity; and

a process of associating the piece of first cluster feature data of each of the
one or more non-common first clusters with at least one piece of second cluster feature
data of at least one of the one or more non-common second clusters based on positional
relationship between a point of each of the one or more non-common first clusters in the
second feature space mapped by the mapping and a point of each of the one or more non-
common second clusters in the second feature space, and

wherein the evaluation function is designed to output a value:
with regard to a specified pair that is a pair of the first cluster and the

second cluster including a same entity, that varies in a specified direction with a decrease
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in a distance in the second feature space between the first cluster and the second cluster
constituting the specified pair; and

with regard to a pair of the first cluster and the second cluster other than
the specified pair, that varies in a direction opposite to the specified direction with a
decrease in a distance in the second feature space between the first cluster and the second

cluster.

6. The information processing system according to claim 4 or 5,
wherein the evaluation function is designed to output a value:
with regard to the specified pair, that is smaller for a shorter distance in
the second feature space between the first cluster and the second cluster constituting the
specified pair; and
with regard to a pair of the first cluster and the second cluster other than
the specified pair, that is greater for a shorter distance in the second feature space between
the first cluster and the second cluster, and
wherein the associator is configured to search the mapping that minimizes an

output of the evaluation function.

7. The information processing system according to any one of claims 1 to 6,

wherein the one or more common entities are multiple common entities,

wherein the multiple first clusters are a set of clusters defined by clustering the
first group so that the multiple common entities are arranged in the multiple first clusters
in a dispersed manner, and

wherein the multiple second clusters are a set of clusters defined by clustering
the second group so that the multiple common entities are arranged in the multiple second

clusters in a dispersed manner.

8. The information processing system according to any one of claims 1 to 6,
wherein the one or more common entities are multiple common entities,

wherein the multiple first clusters are a set of clusters defined by clustering the
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first group so that respective common entities of the multiple common entities belong to
first clusters different from each other, and

wherein the multiple second clusters are a set of clusters defined by clustering
the second group so that respective common entities of the multiple common entities

belong to second clusters different from each other.

9. The information processing system according to any one of claims 1 to 8,

wherein the piece of first cluster feature data is a piece of feature data generated
by integrating multiple pieces of feature data of multiple entities belonging to the
corresponding first cluster through a statistical process, and

wherein the piece of second cluster feature data is a piece of feature data
generated by integrating multiple pieces of feature data of multiple entities belonging to

the corresponding second cluster through a statistical process.

10. The information processing system according to claim 9,
wherein the multiple entities are multiple consumers, and
wherein the multiple pieces of feature data of the multiple entities are multiple

pieces of feature data describing features of the multiple consumers.

11.  An information processing method performed by a computer, the method
comprising:

acquiring a first dataset related to multiple first clusters defined by clustering a
first group of entities, the first dataset including, for each first cluster, a piece of first
cluster feature data representing a feature of a corresponding first cluster;

acquiring a second dataset related to multiple second clusters defined by
clustering a second group of entities, the second dataset including, for each second cluster,
a piece of second cluster feature data representing a feature of a corresponding second
cluster; and

associating each piece of multiple pieces of first cluster feature data included in

the first dataset with one or more pieces of multiple pieces of second cluster feature data
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included in the second dataset based on information, with regard to one or more common
entities that are one or more entities common to the first group and the second group, that
enables identification of a first cluster and a second cluster to which each of the one or

more common entities belongs.

12.  The information processing method according to claim 11,

wherein the associating includes associating, with regard to one or more
specified clusters among the multiple first clusters, the piece of first cluster feature data
of each of the one or more specified clusters with the piece of second cluster feature data
of the second cluster including a same entity, and

wherein the one or more specified clusters are one or more first clusters each of
which includes at least one of the one or more common entities among the multiple first

clusters.

13. The information processing method according to claim 12,
wherein the associating includes:
determining, with regard to one or more non-common first clusters and one
or more non-common second clusters, relationship between each of the one or more non-
common first clusters and each of the one or more non-common second clusters based on
the piece of first cluster feature data of each of the one or more non-common first clusters
and the piece of second cluster feature data of each of the one or more non-common
second clusters; and
associating the piece of first cluster feature data of each of the one or more
non-common first clusters with at least one piece of second cluster feature data of at least
one of the one or more non-common second clusters based on the relationship determined,
wherein the one or more non-common first clusters are one or more remaining
clusters that are the multiple first clusters other than the one or more specified clusters,
and
wherein the one or more non-common second clusters are one or more remaining

clusters that are the multiple second clusters other than one or more clusters associated
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with the one or more specified clusters.

14. The information processing method according to claim 11 or 12,
wherein the piece of first cluster feature data defines a point of the corresponding
first cluster in a first feature space,
wherein the piece of second cluster feature data defines a point of the
corresponding second cluster in a second feature space,
wherein the associating includes:
searching, using an evaluation function, a mapping that maps a point of
each of the multiple first clusters in the first feature space into the second feature space;
and
associating each piece of the multiple pieces of first cluster feature data
with one or more pieces of the multiple pieces of second cluster feature data based on
positional relationship between a point of each of the multiple first clusters in the second
feature space mapped by the mapping and a point of each of the multiple second clusters
in the second feature space, and
wherein the evaluation function is designed to output a value:
with regard to a specified pair that is a pair of the first cluster and the
second cluster including a same entity, that varies in a specified direction with a decrease
in a distance in the second feature space between the first cluster and the second cluster
constituting the specified pair; and
with regard to a pair of the first cluster and the second cluster other than
the specified pair, that varies in a direction opposite to the specified direction with a
decrease in a distance in the second feature space between the first cluster and the second

cluster.

15. The information processing method according to claim 13,
wherein the piece of first cluster feature data defines a point of the corresponding
first cluster in a first feature space,

wherein the piece of second cluster feature data defines a point of the
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corresponding second cluster in a second feature space,
wherein the associating includes:

searching, using an evaluation function, a mapping that maps a point of
each of the multiple first clusters including the one or more specified clusters in the first
feature space into the second feature space;

associating the piece of first cluster feature data of each of the one or more
specified clusters with the piece of second cluster feature data of the second cluster
including a same entity; and

associating the piece of first cluster feature data of each of the one or more
non-common first clusters with at least one piece of second cluster feature data of at least
one of the one or more non-common second clusters based on positional relationship
between a point of each of the one or more non-common first clusters in the second
feature space mapped by the mapping and a point of each of the one or more non-common
second clusters in the second feature space, and

wherein the evaluation function is designed to output a value:

with regard to a specified pair that is a pair of the first cluster and the
second cluster including a same entity, that varies in a specified direction with a decrease
in a distance in the second feature space between the first cluster and the second cluster
constituting the specified pair; and

with regard to a pair of the first cluster and the second cluster other than
the specified pair, that varies in a direction opposite to the specified direction with a
decrease in a distance in the second feature space between the first cluster and the second

cluster.

16. The information processing method according to claim 14 or 15,
wherein the evaluation function is designed to output a value:
with regard to the specified pair, smaller for a shorter distance in the
second feature space between the first cluster and the second cluster constituting the
specified pair; and

with regard to a pair of the first cluster and the second cluster other than
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the specified pair, greater a shorter distance in the second feature space between the first
cluster and the second cluster, and
wherein the associating includes searching the mapping that minimizes an output

of the evaluation function.

17. The information processing method according to any one of claims 11 to
16,

wherein the one or more common entities are multiple common entities,

wherein the multiple first clusters are a set of clusters defined by clustering the
first group so that the multiple common entities are arranged in the multiple first clusters
in a dispersed manner, and

wherein the multiple second clusters are a set of clusters defined by clustering
the second group so that the multiple common entities are arranged in the multiple second

clusters in a dispersed manner.

18. The information processing method according to any one of claims 11 to
16,

wherein the one or more common entities are multiple common entities,

wherein the multiple first clusters are a set of clusters defined by clustering the
first group so that respective common entities of the multiple common entities belong to
first clusters different from each other, and

wherein the multiple second clusters are a set of clusters defined by clustering
the second group so that respective common entities of the multiple common entities

belong to second clusters different from each other.

19. The information processing method according to claim 11,
wherein the associating includes:
associating each piece of the multiple pieces of first cluster feature data
with one or more pieces of the multiple pieces of second cluster feature data so that, out

of a first pair that is a pair of a first cluster and a second cluster including an entity
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common with each other and a second pair that is a pair of a first cluster and a second
cluster not including any entity common with each other, association of the piece of first
cluster feature data and the piece of second cluster feature data corresponding to the first
pair is prioritized over the second pair; and

with regard at least to the second pair, determining a pair of the first cluster
and the second cluster to be associated with each other based on positional relationship
in a feature space between the first cluster and the second clusters determined from the
piece of first cluster feature data and the piece of second cluster feature data
corresponding to the second pair so as to associate the piece of first cluster feature data

with the piece of second cluster feature data.

20. The information processing method according to claim 12,

wherein the associating includes, with regard to a non-specified cluster among
the multiple first clusters other than the one or more specified clusters, determining a pair
of the first cluster and the second cluster to be associated with each other based on
positional relationship in a feature space between the first cluster and the second cluster
determined from the piece of first cluster feature data and the piece of second cluster
feature data so as to associate the piece of first cluster feature data with the piece of

second cluster feature data.

21. A computer-readable recording medium storing a computer program that
contains instructions for causing a computer to perform an information processing
method according to any one of claims 11 to 20 when the computer program is executed

by the computer.



