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INFORMATION PROCESSING APPARATUS AND PROGRAM 

 

BACKGROUND 

1. Technical Field 

 The present invention relates to an information processing apparatus and a 

program. 

2. Related Art 

 In the related art, so-called community (cluster) decomposition may be 

performed on vector type data to analyze global characteristics in some cases.  The 

community decomposition may be performed on network type data (network 

information) including nodes and links connecting the nodes in some cases. 

 The following Patent Document 1 (JP-A-2012-027589) describes a sensor 

network system that specifies a group including two or more operators participating in 

a meeting as a community, based on an index assigned to a sensor device mounted 

on the operators, and a time when two or more operators meet. 

 The following Patent Document 2 (JP-A-2005-244647) describes a program 

for forming a group of users who are in a relationship of transmitting e-mails, into one 

community, based on information regarding the e-mails that are transmitted and 

replied to. 

 The following Patent Document 3 (JP-A-2007-102657) describes a 

community analyzing apparatus that selects and extracts separate users who perform 

access to the same document, as users having a community relationship. 

 

SUMMARY 

 If nodes are connected by a link, based on an event, the content of network 

information may vary with time.  For example, when plural users access plural pieces 

of document data that are cited by each other, a link is formed between the document 

data and the user for each event such as an access, and the network information of 

which content varies with time is formed.  In addition, when the users transmit and 

receive an e-mail with each other in a network of plural users, if an event such as 

transmission and reception of an e-mail occurs, a link is formed between the users, 

and network information of which content varies with time is formed. 

 A method of generating a community has been studied for the network 
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information of which content varies with time.  For example, it is considered to 

generate a community by slicing the network information at a fixed time interval, and 

acquiring the network information at each slice time, and a link between respective 

slices. 

 However, in the method of performing community generation by slicing the 

network information, since the network information is sliced at a fixed time interval, if 

narrowing the slice interval so as to try to perform community generation with better 

accuracy, the calculation amount increases regardless of the number of occurrences 

of an event. 

 Thus, the object of the present invention is to provide an information 

processing apparatus and a program that perform community generation of network 

information whose contents change with time, with a calculation amount according to 

the number of occurrences of an event. 

 [1] An aspect of the present invention provides an information processing 

apparatus including: a first network information acquisition unit that acquires first 

network information including plural event nodes and event links each connecting one 

pair of event nodes involved in an event, among the plural event nodes; a second 

network information acquisition unit that acquires second network information 

including at least two time links each connecting the plural event nodes and plural 

time nodes, and the one pair of event nodes and the time nodes indicating a time of 

occurrence of the event; a first community generation unit that generates one or more 

first communities to which the plural event nodes belong, for the first network 

information, using a proportion distribution in a case where there is movement 

between the plural event nodes along the event link; and a second community 

generation unit that generates one or more second communities to which the plural 

event nodes and the plural time nodes belong, for the second network information, 

using a proportion distribution in a case where there is movement between node 

groups, of which each is configured with the plural event nodes and the plural time 

nodes, along the time link. 

 [2] It may be the information processing apparatus according to [1], further 

including: a community decomposition unit that decomposes the one second 

community into the two or more first communities, for one or more interest nodes to 

which the one second community belongs, among the plural event nodes, when there 
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is two or more first communities to which the one or more interest node belongs. 

 [3] It may be the information processing apparatus according to [1] or [2], in 

which the second network information further includes a time correlation link that links 

the time node indicating the time of occurrence of the event and other time nodes, 

and has a weight that becomes smaller as the time node is further away from the time 

of occurrence of the event, and in which the second community generation unit 

generates one or more second communities to which the plural event nodes and the 

plural time nodes belong, using a proportion distribution in a case where there is 

movement between the node groups along the time link and the time correlation link. 

 [4] It may be the information processing apparatus according to [3], in which 

the weight is determined by a correlation including a correlation length parameter 

indicating a time range having a correlation with the time of occurrence of the event. 

 [5] It may be the information processing apparatus according to [1] or [2], in 

which the second network information includes time correlation time links of an even 

number, respectively connecting the one pair of event nodes, and the time node 

indicating the time of occurrence of the event and the time node indicating a time 

range having a correlation with the time of occurrence of the event. 

 [6] It may be the information processing apparatus according to any one of [1] 

to [5], in which the first community generation unit and the second community 

generation unit respectively generate the first community and the second community, 

by alternately performing sequential calculation using a calculation result of a 

counterpart. 

 [7] Another aspect of the present invention provides a program causing a 

computer to function as: a first network information acquisition unit that acquires first 

network information including plural event nodes and event links each connecting one 

pair of event nodes involved in an event, among the plural event nodes; a second 

network information acquisition unit that acquires second network information 

including at least two time links each connecting the plural event nodes and plural 

time nodes, and the one pair of event nodes and the time nodes indicating a time of 

occurrence of the event; a first community generation unit that generates one or more 

first communities to which the plural event nodes belong, for the first network 

information, using a proportion distribution in a case where there is movement 

between the plural event nodes along the event link; and a second community 
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generation unit that generates one or more second communities to which the plural 

event nodes and the plural time nodes belong, for the second network information, 

using a proportion distribution in a case where there is movement between node 

groups, of which each is configured with the plural event nodes and the plural time 

nodes, along the time link. 

 According to [1] and [7], an information processing apparatus and a program 

are obtained which perform community generation of network information whose 

contents change with time, with a calculation amount according to the number of 

occurrences of an event. 

 According to [2], an information processing apparatus is achieved in which 

plural communities are generated in a range overlapping in time. 

 According to [3], it is possible to achieve the information processing 

apparatus in which a community is generated in a time range having the influence of 

the event. 

 According to [4], an information processing apparatus is achieved in which a 

time range having the influence of the event is adjusted by a single parameter. 

 According to [5], it is possible to achieve the information processing 

apparatus in which a community is generated in a time range having the influence of 

the event, without increasing the types of links. 

 According to [6], an information processing apparatus is achieved in which 

the community is generated by successively improving the accuracy. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 Exemplary embodiment(s) of the present invention will be described in detail 

based on the following figures, wherein 

 Fig. 1 is a functional block diagram illustrating an information processing 

apparatus according to the embodiment of the present invention; 

 Fig. 2 is a diagram illustrating an example of first network information 

acquired by the information processing apparatus according to the embodiment of the 

present invention; 

 Fig. 3 is a diagram illustrating an example of second network information 

acquired by the information processing apparatus according to the embodiment of the 

present invention; 
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 Fig. 4 is a diagram illustrating an example of a time correlation link of the 

second network information acquired by the information processing apparatus 

according to the embodiment of the present invention; 

 Fig. 5 is a diagram illustrating an example of the time correlation link of the 

second network information acquired by the information processing apparatus 

according to the embodiment of the present invention; 

 Fig. 6 is a flowchart illustrating first community generation by the information 

processing apparatus according to the embodiment of the present invention; 

 Fig. 7 is a flowchart illustrating second community generation by the 

information processing apparatus according to the embodiment of the present 

invention; 

 Fig. 8 is a graph illustrating a value of the event node [n], among a product of 

a second importance and a second classification proportion that are calculated by the 

information processing apparatus according to the embodiment of the present 

invention; 

 Fig. 9 is a graph illustrating a value of a product of the second importance and 

the second classification proportion that are calculated by the information processing 

apparatus according to the embodiment of the present invention; and 

 Fig. 10 is a graph illustrating a second community that is decomposed by the 

information processing apparatus according to the embodiment of the present 

invention. 

 

DETAILED DESCRIPTION 

 Hereinafter, exemplary embodiments of the present invention will be 

described with reference to the drawings. 

 Fig. 1 is a configuration diagram of an information processing apparatus 1 

according to the embodiment of the present invention.  The information processing 

apparatus 1 acquires first network information 100, second network information 110, a 

resolution 13, a correlation length parameter 14, and a link weight 15, and includes an 

input unit 12, a control unit 16, a storage unit 17, and a display unit 18. 

 The storage unit 17 includes, for example, a random access memory (RAM) 

and a read only memory (ROM).  The storage unit 17 stores the programs that the 

control unit 16 executes, and also functions as a work memory of the control unit 16.  
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In addition, the programs executed by the control unit 16 and stored in the storage 

unit 17 may be provided through a telecommunication line, or may be provided by 

being stored in a computer-readable information storage medium such as a 

semiconductor memory device. 

 The first network information 100 includes plural event nodes, and event 

nodes each of which connects a pair of event nodes involved in an event, among the 

plural event nodes.  The first network information 100 may be, for example, data of 

the position of a person in an organization, friend-related data, and the like.  When 

the friend-related data is the first network information 100, the event node 

corresponds to a person, and the event link corresponds to the contact (transmitting 

and receiving e-mail, or the like) between people.  The first network information 100 

may indicate the relationship of association between at least event nodes (the 

relationship between the event node and the event link), or may not indicate specific 

contents contained in the event node (person name, and the like). 

 The second network information 110 includes plural event nodes and plural 

time nodes, and at least two time nodes: a time link connecting plural event nodes 

with plural time nodes, and a time link connecting a pair of event nodes involved in an 

event, among the plural event nodes, with a time node indicating a time of occurrence 

of an event.  The second network information 110 includes network information 

including the first network information 100, and the time node in addition to the event 

node.  The time node is a node used for indicating a time of occurrence of the event.  

Further, the second network information 110 includes the time link in addition to the 

event link.  The time link connects the time node indicating a time of occurrence of 

an event, and a pair of event nodes involved in an event.  For example, if the friend-

related data is the first network information 100, when there is contact between 

people, a time link is formed between the time node corresponding to the time of 

occurrence of the contact and a pair of event nodes corresponding to the people 

involved in the contact.  Thus, since the information processing apparatus 1 

according to the present embodiment includes the second network information 110 

including the time node and the time link, network information of which contents 

change with time is handled. 

 The input unit 12 is, for example, a keyboard, a mouse, and the like, and 

transmits the instruction by the user to the control unit 16.  The resolution 13 is a 
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positive real number, and a parameter for determining the size of a community, when 

the information processing apparatus 1 generates the community from the first 

network information 100 and the second network information 110. 

 The control unit 16 includes, for example, a central processing unit (CPU), 

and controls the entire information processing apparatus 1 by executing the programs 

stored in the storage unit 17.  The control unit 16, functionally, includes a first 

network information acquisition unit 160, a first community generation unit 161, a 

second network information acquisition unit 162, and a second community generation 

unit 163.  Here, the first community generation unit 161 includes a first classification 

proportion calculation unit 161a, a first importance calculation unit 161b, and a first 

attribution calculation unit 161c.  Further, the second community generation unit 163 

includes a second classification proportion calculation unit 163a, a second importance 

calculation unit 163b, a second attribution calculation unit 163c, and a community 

decomposition unit 163d.  The control performed by the control unit 16 will be 

described in detail later. 

 The storage unit 17 is configured to include, for example, a random access 

memory (RAM) and a read only memory (ROM).  The storage unit 17 stores the 

programs that the control unit 16 executes, and also functions as a work memory of 

the control unit 16.  In addition, the programs executed by the control unit 16 and 

stored in the storage unit 17 may be provided through a telecommunication line, or 

may be provided by being stored in a computer-readable information storage medium 

such as a semiconductor memory device.  The display unit 18 displays information 

processed by the control unit 16 to the user, and is, for example, a liquid crystal 

display. 

 In addition, the first network information 100, the second network information 

110, the resolution 13, the correlation length parameter 14, and the link weight 15 

may be input by the user through the input unit 12, may be stored in the storage unit 

17, or may be provided through a telecommunication line. 

 Fig. 2 is a diagram illustrating an example of the first network information 100 

acquired by the information processing apparatus 1 according to the embodiment of 

the present invention.  The first network information 100 of this example includes 

seven event nodes 101, and six event links 102.  The respective event nodes 101 

are given the event node numbers of 1 to 7, and for example, the node of the event 
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node number 1 (hereinafter, represented as an event node [1]) is connected to an 

event node [2] by an event link.  Although the present embodiment exemplifies the 

first network information 100 with seven event nodes for the purpose of simplicity of 

explanation, the number of event nodes and the number of event links may be larger 

than the above numbers, and for example, may be about one hundred thousand.  

The event link connecting event nodes has no direction in the first network information 

100 of this example, but the event link may have a one-way direction.  In addition, in 

Fig. 2, the time nodes and the time links included in the second network information 

are indicated by broken lines.  The second network information will be described in 

detail with reference to the following diagram. 

 Fig. 3 is a diagram illustrating an example of the second network information 

110 acquired by the information processing apparatus 1 according to the embodiment 

of the present invention.  The second network information 110 of this example 

includes seven event nodes 101, six time nodes 111, and eleven time links.  The 

respective event nodes 101 are given the event node numbers of 1 to 7, and the 

respective time nodes 111 are given symbols of A to F.  In Fig. 3, an arrow indicating 

the traveling direction of time is indicated, a time node [A] is a time node 111 

representing the most past time, and time nodes [A] to [F] are arranged in 

chronological order.  For example, the time node [A] is a node corresponding to May 

1, 2015, and time nodes [B] to [F] may be nodes respectively corresponding to days 

of May 2, 2015 to May 6, 2015.  Further, each node may not correspond to a day, 

but rather correspond to a month, or hour:minute:second, and a time interval between 

corresponding times of the time nodes 111 may not be equally spaced.  In addition, 

in Fig. 3, event links included in the first network information 100 are indicated by 

broken lines. 

 The time link 112 included in the second network information 110 connects 

the event node 101 and the time node 111, and represents a time when an event has 

occurred.  For example, in this example, the time link [A] and the event nodes [3] and 

[4] are respectively connected by the time link 112.  This represents information 

indicating that the event involved in the event nodes [3] and [4] has occurred in the 

time indicated by the time node [A].  Similarly, it is known that the event involved in 

the event nodes [5] and [7] has occurred in the time indicated by the time node [B], 

the event involved in the event nodes [6] and [7] has occurred in the time indicated by 
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the time node [C], and the event involved in the event nodes [1] and [2] has occurred 

in the time indicated by the time node [E].  Further, it is known that the event 

involved in the event nodes [1] and [4] and the event involved in the event nodes [4] 

and [5] have occurred in the time indicated by the time node [F]. 

 When the weight of the event link 102 is set to 1, the time link 112 has a 

weight  determined by the link weight 15.  Here,  is a real number greater than 0.  

Further,  may be 1 or more.  Thus, it is possible to adjust the size of the influence 

of the time link 112 to the event link 102, in the alternating sequential calculation by 

the first community generation unit 161 and the second community generation unit 

163 to be described later. 

 The second network information 110 includes the time link 112, and thus 

records a time when an event has occurred.  Here, the event may occur with a time 

correlation.  For example, when network information is generated based on the event 

of transmitting and receiving an e-mail between people, if one e-mail is transmitted, a 

reply mail is expected to be exchanged for a fixed time.  In this way, since a situation 

is handled in which the occurrence of an event is concentrated in a certain time range 

due to a single event, the second network information 110 may include a time 

correlation link connecting the time nodes 111 with each other.  Alternately, the 

second network information 110 may include a time correlation time link associated 

with the time link 112 connecting the event node 101 and the time node 111.  The 

time correlation link will be describe in detail with reference to the following diagram.  

Further, the time correlation time link will be described in detail with reference to Fig. 

5. 

 Fig. 4 is a diagram illustrating an example of the time correlation link 113 of 

the second network information 110 acquired by the information processing apparatus 

1 according to the embodiment of the present invention.  In Fig. 4, for the purpose of 

simplicity of explanation, the event nodes [6] and [7] among nodes included in the 

second network information 110 illustrated in Fig. 3 and the time nodes [A] to [F] are 

illustrated.  The event nodes [6] and [7] and the time node [C] are respectively 

connected by the time link 112, and this indicates that events have occurred at the 

time indicated by the time node [C].  Further, a time correlation link 113 is illustrated 

in in Fig. 4, which connects the time node [C] indicating the time of occurrence of the 

events and other time nodes [A], [B], [D], and [E], has a weight which becomes 
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smaller, as the time node becomes further away from the time of occurrence of the 

event, and indicates a time range having a time correlation with the event.  Since the 

time correlation becomes smaller as the time node becomes further away from the 

time of occurrence of the event, the time correlation link 113 connecting the time node 

that is further away from the time node [C] indicating the time of occurrence of the 

events has a smaller weight.  In addition, in the example illustrated in Fig. 4, the time 

correlation links 113 are arranged symmetrically around the time node [C] indicating a 

time of occurrence of an event, but the time correlation link 113 may be arranged 

asymmetrically around the time node indicating a time when an event has occurred.  

For example, the time correlation link may be provided only between the time node 

indicating a time earlier than the time of occurrence of the event and the event node.  

It is possible to represent a causal relationship of the event, by providing the time 

correlation link 113 only between the time node indicating a time earlier than the time 

of occurrence of the event and the event node.  Thus, a community is generated in 

the time range having the influence of the event, by acquiring the second network 

information 110 including the time correlation link 113. 

 The weight of the time correlation link 113 is determined by a function 

including a correlation length parameter  indicating a time range having a correlation 

with the time of occurrence of the event.  In the information processing apparatus 1 

according to the present embodiment, the function for determining the weight of the 

time correlation link 113, with the weight of the time link 112 as 1, is given as exp(-([t]-

[e])2/22).  Here, ([t]-[e]) represents a time difference between an interest time node 

[t] and the time node [e] indicating the time when the event has occurred.  

Incidentally, a function obtained by constant-multiplying the above function may be 

used as a function for determining the weight, and a different function may be 

employed.  For example, a function may be used in which as the time node is further 

away from the time of occurrence of the event, the weight linearly decreases, and the 

function has a value only in the range of the correlation length parameter  around the 

time of occurrence of the event.  In this way, since the weight of a time correlation 

link 113 is determined by the function including the correlation length parameter , the 

time range having a correlation with the event is adjusted by a single parameter, and 

the handling of time correlation becomes easy. 

 Fig. 5 is a diagram illustrating an example of the time correlation time link 114 
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of the second network information 110 acquired by the information processing 

apparatus 1 according to the embodiment of the present invention.  In Fig. 5, for the 

purpose of simplicity of explanation, the event nodes [6] and [7], and the time nodes 

[A] to [F] are illustrated, among nodes included in the second network information 110 

illustrated in Fig. 3.  The event nodes [6] and [7] and the time node [C] are 

respectively connected by the time link 112, and it is indicated that the event has 

occurred in the time indicated by the time node [C].  Further, an even number of the 

time correlation time links 114 are illustrated in in Fig. 5, which connect a pair of event 

nodes [6] and [7] involved in an event, with the time nodes (time nodes [A] and [B]) 

indicating the time node [C] indicating a time of occurrence of the event and the time 

range having a correlation with the time of occurrence of the event.  The number of 

the time correlation time links 114 is two for each of the time nodes [A] and [B], and 

the time range having a correlation with the event which occurred in the time indicated 

by the time node [C] represents the times indicated by the time nodes [A] and [B].  In 

addition, Fig. 5 illustrates an example in which the time correlation time links 114 are 

provided between the time nodes indicating the times earlier than the time of 

occurrence of the event and the event nodes, but the time correlation time link 114 

may be provided between the time nodes indicating the times later than the time of 

occurrence of the event and the event nodes.  Further, as the weight of the time 

correlation time link 114, a weight may be given that becomes smaller as the time 

node becomes further away from the time of occurrence of the event.  Thus, a 

community is generated in the time range having the influence of the event, by 

introducing the time correlation time link 114, without increasing the types of links, in 

addition to the time link 112. 

 Fig. 6 is a flowchart of first community generation in the information 

processing apparatus 1 according to the embodiment of the present invention.  The 

first community generation unit 161 according to the present embodiment generates 

one or more first communities to which plural event nodes 101 belong, with respect to 

the first network information 100, using the probability distribution in the case where 

there is movement between plural event nodes 101 along the event link 102.  

Hereinafter, the flow of the first community generation by the first community 

generation unit 161 will be described in detail. 

 First, the first community generation unit 161 acquires the first network 
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information 100, by the first network information acquisition unit 160 (S1).  Next, the 

first community generation unit 161 calculates the first stationary probability 

distribution pst(I)(n) in the case where there is movement between the event nodes 

101 included in the first network information 100 along the event link 102 (S2).  The 

first stationary probability distribution pst(I)(n) is a stationary probability distribution in 

the case where there is random transition between E pieces of the event nodes 101 

along the event link.  The first stationary probability distribution pst(I)(n) is obtained by 

solving a coalition E-order equation defined by following Equation (1).  The stationary 

probability distribution pst(I)(n) is an eigenvector of the matrix T(I), and the eigenvalue is 

1. 

 [Equation 1] 

 

 Here, the matrix T(I) represents the transition probability in the case where 

there is random transition between the event nodes 101 along the event link 102.  If 

a description is made based on an example of the first network information 100 

illustrated in Fig. 2, when there is random transition to another event node along the 

event link 102, with the event node [1] as a starting point, a transition is made to the 

event node [2] at half the probability and a transition is made to the event node [4] at 

half the probability.  If these transition probabilities are arranged and expressed, the 

first column of the matrix T(I) is obtained.  Other elements of the matrix are obtained 

similarly.  In general, in the case where the total number of nodes is N, using a 

matrix A, in which Anm=1 when the event node [n] and the event node [m] are 

connected by the event link, and Anm=0 when the event node [n] and the event node 

[m] are not connected by the event link, the matrix T(I) is defined by T(I)
nm=Anm/sAsm.  

Since the total number of the transition probabilities is 1, nT
(I)

nm=1 is established for 

any event node [m]. 

 If there is a concern about problems such as a so-called rank sink, and a 

concern in which the value of the stationary probability distribution is likely to be 

concentrated in a particular node, the first stationary probability distribution pst(I)(n) 

may be obtained, for example, based on the relationship pst(I)(n)=(1-

r)mT(I)
nmpst(I)(m)+r, obtained by deforming Equation (1).  Here, r is a real number of 
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0 or more and 1 or less.  r represents the probability of random transition between 

event nodes not along the event link. 

 Next, plural pieces of first pass information n
(I)(d) are generated which indicate 

the event nodes that are passed through in the case where there is random transition 

between plural event nodes along the event link (S3).  In the present embodiment, 

the first pass information is generated by setting n
(I)(d)=1 to the event node [n] that is 

selected according to the first stationary probability distribution pst(I)(n), and setting 

m
(I)(d)=1 to the event node [m] that is selected according to the T(I)

mn giving the 

probability to transition to the event node [m], with the event node [n] as a starting 

point.  Such an E-dimensional vector is generated D number of times.  The first 

pass information n
(d) is an amount satisfying nn

(I)(d)=2.  The first pass information 

n
(I)(d) represents the case where a virtual agent is found on the event link connecting 

the event node [n] and the event node [m], when the virtual agent randomly 

transitions between event nodes along the event link. 

 The first classification proportion calculation unit 161a and the first importance 

calculation unit 161b according to the present embodiment respectively calculate the 

first classification proportion p(I)(nk) and the first importance (I)(k) through the 

sequential calculation.  The first classification proportion calculation unit 161a 

calculates the classification proportion, by which the interest event node is classified 

into each of the plural communities of a predetermined number of the first network 

information 100, so as to have the classification proportion by which the interest event 

node and the adjacent event node connected by the event link are classified into each 

of the plural communities and the correlation according to a predetermined resolution 

13.  To begin the sequential calculation, p0
(I)(nk), 0

(I)(k), and 0
(I)(d)(k) are 

provisionally determined (S4).  Here, it is assumed that values satisfying 

np0
(I)(nk)=1 and k0

(I)(k)=1 are given.  Since p0
(I)(nk) indicates the proportion by 

which the event nodes of n=1 to E are classified for the components of k=1 to C, the 

positive real numbers of CxE-1 are given in the provisional determination.  Further, 

since 0
(I)(k) indicates the importance, for the community of the network that is 

classified into k=1 to C, the positive real numbers of C-1 are given in the provisional 

determination.  Since 0
(I)(d)(k) is a coefficient representing a proportion occupied by 

the community [k] for all of plural communities, and is a coefficient determined 
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according to the pass information τ(I)(d) of d=1 to D, the positive real numbers of CxD 

are given in the provisional determination. 

 Further, the first classification proportion calculation unit 161a and the first 

importance calculation unit 161b according to the present embodiment uses the 

resolution 13 that is the positive real number , as a parameter for determining the 

size of the community of a network.  Here,  is a value that the user can freely 

determine, but it is preferable to set a value that is sufficiently fine for the community 

classification of the first network information 100. 

 In the first step of the sequential calculation, the classification proportion 

pt(nk) is calculated by the t-th sequential calculation (S5).  Here, t is a positive 

integer, and represents the number of sequential calculations.  pt(nk) is calculated 

by pt-1(nk), t-1(k), and t-1
(d)(k) that are obtained by the one previous sequential 

calculation.  For example, in the first sequential calculation performed after the 

provisional determination (S3), p1(nk) is obtained by using p0
(I)(nk), 0

(I)(k), and 

0
(I)(d)(k). 

 The first classification proportion calculation unit 161a according to the 

present embodiment calculates the classification proportion pt(nk) by the t-th 

sequential calculation, based on the relationship determined by following Equation (2) 

(S5). 

 [Equation 2] 

 

 In the present embodiment, the resolution 13 the parameter by which as  

approaches 0, the particle size of the community decomposition becomes finer, and 

as  approaches infinity, the particle size of the community decomposition becomes 

rougher.  Further, Dt-1(k) is a coefficient determined from t-1
(d)(k), and Dt-1(k)=dt-

1
(d)(k). 

 The classification proportion pt(nk) is calculated by values having a first 

contribution (the first term on the right side) that becomes larger, as the classification 

proportion pt-1(mk) for the community [k] including the event node [n] and the event 

node (the event node [m], where T(I)
nm0) becomes larger, and a second contribution 
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(the second term on the right side) that becomes larger, as the proportion t-1
(d)(k) 

occupied by the community [k] for all of plural communities becomes larger. 

 Further, the first contribution is determined by the first coefficient /(+2Dt-

1(k)) that approaches 1, as the resolution 13 becomes rougher ( is brought close to 

infinity) and the classification proportion pt-1(mk) that has been calculated 

immediately before with respect to the event node (the event node [m], where 

T(I)
nm0) having the event link with the event node [n].  Further, the second 

contribution is determined by the second coefficient 1/(+2Dt-1(k)) that approaches 0, 

as the resolution 13 becomes rougher ( is brought close to infinity), plural pieces of 

first pass information τn
(I)(d), and the proportion t-1

(d)(k) occupied by the community [k] 

for all of plural communities.  As described below, the proportion t-1
(d)(k) occupied by 

the community [k] for all of plural communities is calculated from the classification 

proportion pt-1(nk) and the importance t-1(k) that have been calculated immediately 

before. 

 Next, the proportion t
(d)(k) occupied by the community [k] for all of plural 

communities is calculated from the classification proportion pt-1(nk), the importance t-

1(k), and plural pieces of first pass information τn
(I)(d) that have been calculated 

immediately before (S6).  In the present embodiment, the proportion t
(d)(k) is 

calculated by following Equation (3).  The proportion t
(d)(k) has a larger value for a 

community having a relatively larger importance among all communities. 

 [Equation 3] 

 

 Further, the importance t(k) of the community [k] of the network is calculated 

(S7).  The importance t(k) is calculated so as to have a larger value, as the 

proportion t
(d)(k) occupied by the community [k] for all of plural communities becomes 

larger.  The first importance calculation unit 161b calculates the importance t(k) of 

one community [k] of plural communities so as to have a larger value, as the 

proportion t
(d)(k) occupied by one community [k] for plural communities becomes 

larger, using the classification proportion pt-1(nk)  that is calculated by the first 
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classification proportion calculation unit 161a.  In the present embodiment, the 

importance t(k) of the community [k] is calculated by following Equation (4). 

 [Equation 4] 

 

 The classification proportion pt(nk), the importance t(k), and the proportion 

t
(d)(k) are calculated from the classification proportion pt-1(nk), the importance t-1(k), 

and proportion t-1
(d)(k) which have been calculated immediately before, and the first 

pass information τn
(I)(d), by the following equations (2), (3) and (4). 

 Whether or not to end the sequential calculation performed by the first 

classification proportion calculation unit 161a and the first importance calculation unit 

161b is determined by whether or not the absolute value Qt-Qt-1 of a difference in the 

evaluated value Qt before and after the sequential calculation is smaller than the 

predetermined reference value  (S8).  In the present embodiment, the evaluated 

value Qt is the amount determined by following Equation (5). 

 [Equation 5] 

 

 If Qt-Qt-1< is not established, the classification proportion pt(nk), the 

importance t(k) and the proportion t
(d)(k), which are the latest, are updated to the 

classification proportion, the importance, and the proportion which are the previous 

(S9).  Thereafter, a series of processes are repeated: a process (S5) of calculating 

the classification proportion pt+1(nk), a process (S6) of calculating the proportion 

t+1
(d)(k), a process (S7) of calculating the importance t+1(k), and a process of 

determining whether or not Qt+1-Qt< is established (S8).  The first classification 

proportion calculation unit 161a and the first importance calculation unit 161b 
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according to the present embodiment repeat the above processes until the absolute 

value of the difference in the evaluated values becomes smaller than a predetermined 

value, and calculates the first classification proportion and the first importance through 

the sequential calculation.  Thus, the community classification of the first network 

information 100 is asymptotically performed. 

 Meanwhile, if Qt-Qt-1< is established, the first classification proportion by 

which the event node [n] is classified into the community [k] is determined by 

p(I)(nk)=pt(nk), and the first importance of the community [k] is determined by the 


(I)(k)=t(k) (S10).  Here, the subscript (I) indicates that these values are the values 

used for the first community generation.  According to the information processing 

apparatus 1 according to the present embodiment, the first classification proportion 

p(I)(nk) and the first importance (I)(k) is obtained in any precision by adjusting the 

predetermined value , and the community classification of a network is performed in 

any precision.  Incidentally, the number of sequential calculations is determined in 

advance, and the values of pt(nk) and t(k) in the case of performing the sequential 

calculation the determined number of times may respectively be determined as the 

first classification proportion p(I)(nk) and the first importance (I)(k). 

 Next, the first attribution calculation unit 161c calculates the first attribution so 

as to have a larger value, as the first classification proportion p(I)(nk) becomes larger 

by which the event node [n] is classified into the community [k], with respect to each 

of plural event nodes (S11).  In the present embodiment, the first attribution q(I)(kn) 

which the event node [n] attributes to the community [k] is obtained by following 

Equation (6). 

 [Equation 6] 

 

 As seen from Equation (6), the first attribution q(I)(kn) is a value satisfying 

kq
(I)(kn)=1.  In other words, the sum of the first attributions which a certain event 

node attributes to each community is 1.  The first attribution q(I)(kn) is a value 

obtained by relatively measuring the degree which a certain event node [n] attributes 

to the community [k] for all communities. 

 The first community generation unit 161 generates one or more first 
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communities of the first network information 100, to which the interest event node [n] 

belongs, from the first classification proportion p(I)(nk) for the interest event node [n], 

that is calculated so as to have a correlation according to the value  of the resolution 

13 (S12).  The first community generation unit 161 may determine the proportion by 

which the interest event node [n] belongs to the community [k], based on the value of 

the first classification proportion p(I)(nk).  Further, the first community generation unit 

161 may generate the first community to which the interest event node [n] belongs, 

based on the first attribution q(I)(kn) that is calculated from the first classification 

proportion p(I)(nk) and the first importance (I)(k).  In this case, the proportion by 

which the interest event node [n] belongs to the community [k] is determined by the 

value of the first attribution q(I)(kn).  In any case, the first community generation unit 

161 generates two or more first communities to which the interest event node [n] 

belongs.  Therefore, according to the first community generation unit 161 according 

to the present embodiment, the community classification representing the case where 

one node has plural attributes is performed. 

 Fig. 7 is a flowchart illustrating second community generation by the 

information processing apparatus 1 according to the embodiment of the present 

invention.  The second community generation unit 163 according to the present 

embodiment generates one or more second communities to which plural event nodes 

101 and plural time nodes 111 belong, for the second network information 110, using 

the probability distribution in the case where there is movement between the node 

groups each being configured with the plural event nodes 101 and plural time nodes 

111, along the time link 112.  The second community generation unit 163 may 

generate one or more second communities to which plural event nodes 101 and plural 

time nodes 111 belong, using the probability distribution in the case where there is 

movement between the node groups along the time link 112 and the time correlation 

link 113.  Further, the time correlation time link 114 may be included as the time link 

112.  Since the flow of the second community generation by the second community 

generation unit 163 is similar to the flow of the first community generation by the first 

community generation unit 161, the difference will be described in detail, and the 

description is not repeated. 

 First, the second community generation unit 163 acquires the second network 

information 110, by the second network information acquisition unit 162 (S21).  Next, 



19 
 
the second community generation unit 163 calculates the second stationary 

probability distribution pst(II)(N) in the case where there is movement between node 

groups, each being configured with plural event nodes 101 and plural time nodes 111 

included in the second network information 110, along the time links 112 (S22).  

Here, in the case of the second network information 110 illustrated in Fig. 3, the 

symbol N is values of the N=1 to 7 indicating the event nodes [1] to [7] and N=8 to 13 

indicating the time nodes [A] to [F].  The second stationary probability distribution 

pst(II)(N) is a stationary probability distribution in the case where there is random 

transition between node groups including E pieces of event nodes 101 and T pieces 

of time nodes 111 along the time links 112.  The second stationary probability 

distribution pst(II)(N) is obtained by solving a coalition (E+T)-order equation defined by 

the relationship obtained by replacing the matrix T(I) in Equation (1) with the matrix T(II).  

Here, matrix T(II) is (E+T)x(E+T) matrix, and is a transition probability in the case 

where there is random transition between the event node 101 and the time node 111 

along the time link 112.  If a description is made based on an example of the second 

network information 110 illustrated in Fig. 3, when there is random transition to the 

time node along the time link 112, with the event node [1] as a starting point, a 

transitions is made to the time node [E] at half the probability and a transitions is 

made to the time node [F] at half the probability.  If these transition probabilities are 

arranged and expressed, the first column of the matrix T(II) is obtained.  Further, 

when there is random transition to the event node along the time link 112, with the 

time node [A] as a starting point, a transitions is made to the event node [3] at half the 

probability and a transitions is made to the event node [4] at half the probability.  If 

these transition probabilities are arranged and expressed, the eighth column of the 

matrix T(II) is obtained.  Here, NT(II)
NM=1 is established for any node [N]. 

 When the second network information 110 includes the time correlation link 

113, the matrix T(II) represents the transition probability in the case of random 

transition between the event node 101 and the time node 111, along the time link 112 

and the time correlation link 113.  Further, when the second network information 110 

includes the time correlation link 114, the matrix T(II) represents the transition 

probability in the case of random transition between the event node 101 and the time 

node 111, along the time link 112 and the time correlation time link 114. 

 Next, plural pieces of first pass information N
(II)(d) is generated which 
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indicates the event nodes and the time nodes that are passed through in the case 

where there is random transition between node groups including plural event nodes 

and plural time nodes along the plural time links (S23).  In the present embodiment, 

the second pass information is generated by setting N
(II)(d)=1 to the node [N] (node 

included in the node group including event nodes and time nodes) that is selected 

according to the second stationary probability distribution pst(II)(N), and setting 

M
(II)(d)=1 to the node [M] that is selected according to the T(II)

MN giving the probability 

to transition to the node [M], with the node [N] as a starting point.  Such E+T-

dimensional vector is generated D number of times. 

 The second classification proportion calculation unit 163a and the second 

importance calculation unit 163b according to the present embodiment respectively 

calculate the second classification proportion p(II)(NK) and the second importance 


(II)(K), through the sequential calculation.  To begin the sequential calculation, 

p0
(II)(NK), 0

(II)(K), and 0
(II)(d)(K) are provisionally determined (S24).  Further, the 

resolution 13 that is a positive real number  is used as a parameter for determining 

the size of the community of a network. 

 The second community generation unit 163 according to the present 

embodiment performs the second community generation by using a calculation result 

of the first community generation unit 161.  Specifically, the second classification 

proportion calculation unit 163a and the second importance calculation unit 163b 

according to the present embodiment determine the value related to the event node 

101(the value in the case of N=1 to E) among p0
(II)(NK) which are tentative values, 

the value of 0
(II)(K), and the value of 0

(II)(d)(K), by the values of the first classification 

proportion p(I)(nk), the first importance (I)(k) and the latest proportion t
(d)(k), which 

are calculated by the first classification proportion calculation unit 161a and the first 

importance calculation unit 161b.  Since the determination performed as described 

above, the amount of calculation is reduced and the time required for the second 

community generation is shortened, as compared with the case of randomly 

determining the tentative value.  In addition, more accurate second community 

generation is performed. 

 In the first step of the sequential calculation, the classification proportion 

pt(nk) by the t-th sequential calculation is calculated by the relationship obtained by 
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replacing the matrix T(I) and the first pass information τn

(I)(d) in Equation (2) with the 

matrix T(II) and the second pass information τN
(II)(d) (S25). 

 Next, the proportion t
(d)(K) occupied by the community [K] relative to the 

entire plural communities is calculated based on the classification proportion pt-1(NK) 

and the importance t-1(K) which are calculated immediately before, and plural pieces 

of second pass information τN
(II)(d) (S26).  The proportion t

(d)(K) is calculated by the 

relationship obtained by replacing the first pass information τn
(I)(d) in Equation (3) with 

the second pass information τN
(II)(d). 

 Further, the importance t(K) of the community [K] of the network is calculated 

by Equation (4) (S27).  Further, whether to end the sequential calculation by the 

second classification proportion calculation unit 163a and the second importance 

calculation unit 163b is determined by whether or not the absolute value Qt-Qt-1 of a 

difference in the evaluated values Qt before and after the sequential calculation is 

smaller than the predetermined reference value  (S28).  Here, the evaluated value 

Qt is given by the relationship obtained by replacing the matrix T(I) and the first pass 

information τn
(I)(d) in Equation (5) with the matrix T(II) and the second pass information 

τN
(II)(d). 

 If Qt-Qt-1< is not established, the classification proportion pt(NK), the 

importance t(K) and the proportion t
(d)(K), which are the latest, are updated to the 

classification proportion, the importance, and the proportion which are the previous 

(S29).  Meanwhile, if Qt-Qt-1< is established, the second classification proportion by 

which the node [N] is classified into the community [K] is determined by 

p(II)(NK)=pt(NK), and the second importance of the community [K] is determined by 

the (II)(K)=t(K) (S30). 

 Further, with respect to each of the event node and the time node which are 

included in the node group, the second attribution calculation unit 163c calculates the 

second attribution q(II)(KN) so as to have a larger value (S31), as the second 

classification proportion p(II)(nk) by which the node [N] is classified into the community 

[K] becomes larger.  The second attribution q(II)(KN) is given by the relationship 

obtained by replacing the first classification proportion p(I)(nk) and the first importance 


(I)(k) of Equation (6) with the second classification proportion p(II)(NK) and the 

second importance (II)(K). 



22 
 
 The second community generation unit 163 generates the second 

communities of one or more of the second network information 110, to which the 

interest node [N] belongs, based on the second classification proportion p(II)(NK) 

relating to the interest node [N], which is calculated so as to have a correlation 

according to the value  of the resolution 13 (S32).  The second community 

generation unit 163 may determine the proportion of the interest node [N] belonging to 

the community [K] by the value of the second classification proportion p(II)(NK).  

Further, the second community generation unit 163 may generate the second 

community, to which the interest node [N] belongs, based on the second attribution 

q(II)(KN) which is calculated from the second classification proportion p(II)(NK) and the 

second importance (II)(K).  In this case, the proportion of the interest node [N] 

belonging to the community [K] is determined by the value of the second attribution 

q(II)(KN).  Even in any case, the second community generation unit 163 generates 

the second communities of two or more to which the interest node [N] belongs.  

Therefore, according to the second community generation unit 163 according to the 

present embodiment, the community classification representing the case where one 

node has plural attributes is performed. 

 The first community generation unit 161 according to the present embodiment 

again performs the first community generation by using a calculation result of the 

second community generation unit 163.  Specifically, the first classification proportion 

calculation unit 161a and the first importance calculation unit 161b according to the 

present embodiment determine p0
(I)(nk), 0

(I)(k), and 0
(I)(d)(k), which are tentative 

values, by the values of the second classification proportion p(II)(NK), the second 

importance (II)(K), and the latest proportion t
(d)(K) which are calculated by the 

second classification proportion calculation unit 163a and the second importance 

calculation unit 163b, again calculate the first classification proportion and the first 

importance, and again calculate the first attribution.  Thus, the first community 

generation unit 161 and the second community generation unit 163 according to the 

present embodiment respectively generate the first community and the second 

community, by alternately performing the sequential calculation using the calculation 

result of the other party.  The number of alternate sequential calculations may be a 

predetermined number of times.  In addition, the degree of the impact of the 

calculation result of the other party may be adjusted by setting the ratio between the 
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number of repetitions of repeated calculations by the first community generation unit 

161 and the number of repetitions of repeated calculations by the second community 

generation unit 163 to a value  of the link weight 15.  Thus, since the first 

community generation and the second community generation are repeatedly and 

alternately performed based on the calculation result of the counterpart, the accuracy 

of the community generation is sequentially improved. 

 The information processing apparatus 1 according to the present embodiment 

acquires the first network information 100 including the event link representing the 

event node involved in the event, and generates the first community by the first 

community generation unit 161.  The second network information 110 including the 

time link of the number corresponding to the number of occurrences of the event is 

acquired, and the second community is generated by the second community 

generation unit 163.  The dominant factor for determining the amount of calculation 

required for the community generation is the number of links included in the network 

information.  Therefore, according to the information processing apparatus 1 

according to the present embodiment, the community of the network information of 

which contents change with time is generated in the amount of calculation in 

accordance with the number of occurrences of the event. 

 Fig. 8 is a graph illustrating a value (II)(K)p(II)(nK) of the event node [n], 

among a product of the second importance and the second classification proportion 

that are calculated by the information processing apparatus 1 according to the 

embodiment of the present invention.  The graph of Fig. 8 illustrates the result of 

calculation of (II)(K)p(II)(nK), by alternate calculation for the first network information 

100 and the second network information 110 respectively including 100 pieces of 

event nodes 101.  The horizontal axis of the graph represents the event node 

numbers of n=1 to 100, and the vertical axis represents the value of the product of the 

second importance and the second classification proportion.  The values in the case 

of K=1 to 5 are plotted in the graph. 

 If focusing on the values of (II)(K=1)p(II)(nK=1), the values are relatively large 

for the event nodes of n=1 to 20, and relatively small for the other event nodes (event 

nodes of n=21 to 100).  If the value of (II)(K)p(II)(nK) in the case of K=2 to 5 is also 

taken into account, it is known that with respect to the event nodes of n=1 to 20, the 

proportion belonging to the community of K=1 is large and the proportion belonging to 
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the community of K=2 to 5 is small.  Similarly, it is known that with respect to the 

event nodes of n=21 to 40, the proportion belonging to the community of K=2 is large, 

and the proportion belonging to the communities of K=1, 3 to 5 is small.  Further, it is 

known that with respect to the event nodes of n=41 to 60, the proportion belonging to 

the community of K=3 is large, and the proportion belonging to the communities of 

K=1, 2, 4, 5 is small.  Further, it is known that with respect to the event nodes of 

n=61 to 80, the proportion belonging to the community of K=4 is large, and the 

proportion belonging to the communities of K=1 to 3, 5 is small.  Further, it is known 

that with respect to the event nodes of n=81 to 100, the proportion belonging to the 

community of K=5 is large, and the proportion belonging to the communities of K=2 to 

4 is small.  It is known that five first communities are generated from these types of 

information: the community [1-1] including the event nodes of n=1 to 20, the 

community [1-2] including the event nodes of n=21 to 40, the community [1-3] 

including the event nodes of n=41 to 60, the community [1-4] including the event 

nodes of n=61 to 80, and the community [1-5] including the event nodes of n=81 to 

100. 

 However, since the community classification of the event node 101 does not 

include information indicating a time when the event link 102 is formed, five generated 

communities may be formed based on the event links 102 formed in temporally 

different timings.  Therefore, if the community is generated only based on the event 

node 101, there is a case in which the temporal structure of network information is not 

achieved.  In this regard, in the information processing apparatus 1 according to the 

present embodiment, the temporal structure of network information is achieved by 

performing the community classification of the time node 111 as well. 

 Fig. 9 is a graph illustrating a value (II)(K)p(II)(NK) of a product of the second 

importance and the second classification proportion that are calculated by the 

information processing apparatus 1 according to the embodiment of the present 

invention.  Fig. 9 illustrates a value (II)(K)p(II)(NK) of a product of the second 

importance and the second classification proportion that are calculated by alternate 

calculation for the first network information 100 and the second network information 

110 respectively including 100 event nodes 101.  The second network information 

110 includes 100 event nodes 101 and 365 time nodes.  Here, 365 time nodes are 

time nodes corresponding to days during one year.  The date of the event is 
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recorded in the second network information 110 by connecting the time node 

indicating the date when an event occurs and the event node with a time link. 

 Five graphs are illustrated on the left side of Fig. 9, the horizontal axis 

represents the event node numbers of n=1 to 100, and the vertical axis represents 

values (values of (II)(K)p(II)(NK) in the case of N=1 to 100) regarding event nodes, 

among the values of the product of the second importance and the second 

classification proportion.  Further, the graphs of the values of the product of the 

second importance and the second classification proportion regarding the time node 

are illustrated on the right side of Fig. 9, the vertical axis of the graph represents the 

time node numbers of t=1 to 365, and the horizontal axis represents values (values of 


(II)(K)p(II)(NK) in the case of N=101 to 465) regarding time nodes, among the values 

of the second attribution. 

 If focusing on the values of (II)(K=1)p(II)(NK=1), the values are relatively large 

for the event nodes of n=1 to 20, and relatively small for the other event nodes (event 

nodes of n=21 to 100).  The values are relatively large for the time nodes of t=1 to 73, 

and relatively small for the other time nodes (time nodes of t=74 to 365).  If the 

values of (II)(K)p(II)(NK) in the case of K=2 to 4 are taken into account, it is known 

that with respect to the event nodes of n=1 to 20 and the time nodes of t=1 to 73, the 

proportion belonging to the community of K=1 is large and the proportion belonging to 

the community of K=2 to 5 is small.  In addition, if focusing on the values of 


(II)(K=2)p(II)(NK=2), the values are relatively large for the event nodes of n=21 to 40 

and 61 to 80, and relatively small for the other event nodes (event nodes of n=1 to 20, 

41 to 60, and 81 to 100).  In addition, the values of (II)(K=2)p(II)(NK=2) are relatively 

large for the time nodes of t=74 to 146, and relatively small for the other time nodes 

(time nodes of t=1 to 73, and 147 to 365).  It is known that with respect to the event 

nodes of n=21 to 40 and 61 to 80 and the time nodes of t=74 to 146, the proportion 

belonging to the community of K=2 is large and the proportion belonging to the 

community of K=1, 3 to 5 is small.  It is known that with respect to the event nodes of 

n=41 to 60 and the time nodes of t=147 to 219, the proportion belonging to the 

community of K=3 is large and the proportion belonging to the community of K=1, 2, 4, 

5 is small.  It is known that with respect to the event nodes of n=61 to 80 and the 

time nodes of t=220 to 292, the proportion belonging to the community of K=4 is large 

and the proportion belonging to the community of K=1 to 3, 5 is small.  It is known 
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that with respect to the event nodes of n=81 to 100 and the time nodes of t=293 to 

365, the proportion belonging to the community of K=5 is large and the proportion 

belonging to the community of K=1 to 4 is small. 

 It is known that five second communities are generated from these pieces of 

information: a community [2-1] including the event nodes of n=1 to 20 and time nodes 

of t=1 to 73, a community [2-2] including the event nodes of n=21 to 40 and 61 to 80 

and time nodes of t=74 to 146, a community [2-3] including the event nodes of n=41 

to 60 and time nodes of t=147 to 219, a community [2-4] including the event nodes of 

n=61 to 80 and time nodes of t=220 to 292, and a community [2-5] including the event 

nodes of n=81 to 100 and time nodes of t=293 to 365. 

 Here, the second communities corresponding to (II)(K=2)p(II)(NK=2) include 

event nodes of n=21 to 40 and 61 to 80.  In other words, it is known that the events 

occurring at times indicated by the time nodes of t=74 to 146 include two unities: 

event nodes of n=21 to 40 and event nodes of n=61 to 80. 

 When the number of first communities belonging to one or more interest 

nodes is two or more for one or more interest nodes belonging to one second 

community among plural event nodes 101, the community decomposition unit 163d 

according to the present embodiment decomposes the second community of 1 into 

two or more interest nodes according to two or more first communities.  Explanation 

will be given with reference to examples of Figs. 8 and 9, the event nodes of n=21 to 

40 and 61 to 80 which are one or more interest nodes belong to one second 

community (community [2-2]), and belong to two or more first communities 

(community [1-2] and community [1-4]).  Accordingly, the community decomposition 

unit 163d decomposes the community [2-2] which is one second community into the 

community [2-2a] including event nodes of n=21 to 40 and time nodes of t=74 to 146, 

and the community [2-2b] including event nodes of n=61 to 80 and time nodes of t=74 

to 146, according to the community [1-2] and the community [1-4].  Thus, since the 

second community is decomposed with reference to the first community, even when 

plural events occur in ranges which temporarily overlap, the community 

decomposition of an event node is performed and a community is generated. 

 Fig. 10 is a graph illustrating a second community that is decomposed by the 

information processing apparatus 1 according to the present embodiment.  In Fig. 10, 

event node numbers of n=1 to 100 are represented on a horizontal axis, and time 
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node numbers of t=1 to 365 are represented on a vertical axis.  A rectangular area 

marked by “K=1” in the graph represents a community [2-1] 120 including event 

nodes of n=1 to 20 and time nodes of t=1 to 73.  Further, a rectangular area marked 

by “K=2a” in the graph represents a community [2-2a] 121 including event nodes of 

n=21 to 40 and time nodes of t=74 to 146.  Further, a rectangular area marked by 

“K=2b” in the graph represents a community [2-2b] 122 including event nodes of n=61 

to 80 and time nodes of t=74 to 146.  Further, a rectangular area marked by “K=3” in 

the graph represents a community [2-3] 123 including event nodes of n=41 to 60 and 

time nodes of t=147 to 219.  Further, a rectangular area marked by “K=4” in the 

graph represents a community [2-4] 124 including event nodes of n=61 to 80 and time 

nodes of t=220 to 292.  Further, a rectangular area marked by “K=5” in the graph 

represents a community [2-5] 125 including event nodes of n=81 to 100 and time 

nodes of t=293 to 365. 

 In Fig. 10, for example, it is known that events occur at two times: a time 

range indicated by the time nodes of t=74 to 146 and a time range indicated by the 

time nodes of t=220 to 292, for the event nodes of n=61 to 80.  Thus, when different 

events occur at temporally different timings, a time before-after relationship may not 

be achieved with respect to the same event node in the first community generation, 

but the communities having the temporal structure is performed by generating the 

second communities. 

 The foregoing description of the exemplary embodiments of the present 

invention has been provided for the purposes of illustration and description. It is not 

intended to be exhaustive or to limit the invention to the precise forms disclosed. 

Obviously, many modifications and variations will be apparent to practitioners skilled 

in the art. The embodiments were chosen and described in order to best explain the 

principles of the invention and its practical applications, thereby enabling others 

skilled in the art to understand the invention for various embodiments and with the 

various modifications as are suited to the particular use contemplated.  It is intended 

that the scope of the invention be defined by the following claims and their 

equivalents. 
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What is claimed is: 

 

 1. An information processing apparatus comprising: 

 a first network information acquisition unit that acquires first network 

information including plural event nodes and event links each connecting one pair of 

event nodes involved in an event, among the plural event nodes; 

 a second network information acquisition unit that acquires second network 

information including at least two time links each connecting the plural event nodes 

and plural time nodes, and the one pair of event nodes and the time nodes indicating 

a time of occurrence of the event; 

 a first community generation unit that generates one or more first 

communities to which the plural event nodes belong, for the first network information, 

using a proportion distribution in a case where there is movement between the plural 

event nodes along the event link; and 

 a second community generation unit that generates one or more second 

communities to which the plural event nodes and the plural time nodes belong, for the 

second network information, using a proportion distribution in a case where there is 

movement between node groups, of which each is configured with the plural event 

nodes and the plural time nodes, along the time link. 

 

 2. The information processing apparatus according to Claim 1, further 

comprising: 

 a community decomposition unit that decomposes the one second community 

into the two or more first communities, for one or more interest nodes to which the 

one second community belongs, among the plural event nodes, when there is two or 

more first communities to which the one or more interest node belongs. 

 

 3. The information processing apparatus according to Claim 1 or 2, 

 wherein the second network information further includes a time correlation 

link that links the time node indicating the time of occurrence of the event and other 

time nodes, and has a weight that becomes smaller as the time node is further away 

from the time of occurrence of the event, and 

 wherein the second community generation unit generates one or more 
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second communities to which the plural event nodes and the plural time nodes belong, 

using a proportion distribution in a case where there is movement between the node 

groups along the time link and the time correlation link. 

 

 4. The information processing apparatus according to Claim 3, 

 wherein the weight is determined by a correlation including a correlation 

length parameter indicating a time range having a correlation with the time of 

occurrence of the event. 

 

 5. The information processing apparatus according to Claim 1 or 2, 

 wherein the second network information includes time correlation time links of 

an even number, respectively connecting the one pair of event nodes, and the time 

node indicating the time of occurrence of the event and the time node indicating a 

time range having a correlation with the time of occurrence of the event. 

 

 6. The information processing apparatus according to any one of Claims 1 to 

5, 

 wherein the first community generation unit and the second community 

generation unit respectively generate the first community and the second community, 

by alternately performing sequential calculation using a calculation result of a 

counterpart. 

 

 7. A program causing a computer to function as: 

 a first network information acquisition unit that acquires first network 

information including plural event nodes and event links each connecting one pair of 

event nodes involved in an event, among the plural event nodes; 

 a second network information acquisition unit that acquires second network 

information including at least two time links each connecting the plural event nodes 

and plural time nodes, and the one pair of event nodes and the time nodes indicating 

a time of occurrence of the event; 

 a first community generation unit that generates one or more first 

communities to which the plural event nodes belong, for the first network information, 

using a proportion distribution in a case where there is movement between the plural 
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event nodes along the event link; and 

 a second community generation unit that generates one or more second 

communities to which the plural event nodes and the plural time nodes belong, for the 

second network information, using a proportion distribution in a case where there is 

movement between node groups, of which each is configured with the plural event 

nodes and the plural time nodes, along the time link. 




