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DESCRIPTION
Title of Invention:
CAUSAL NETWORK GENERATING SYSTEM AND CAUSAL RELATION DATA

STRUCTURE

Technical Field
[0001] The present invention relates to a technique of
generating a causal network and a data structure for a causal

relationship.

Background Art

[0002] A method has been conventionally known in which
causal relationships (called a causal network) among a
plurality of events (elements) are represented by a table or
graph for use in predicting the behavior in a complex system
or deducing the cause of a problem occurring in the system.
For example, in a Bayesian network, each element is treated
as a random variable, and a causal relationship between
elements is represented by a conditional probability. PTL 1
discloses an example of using a causal-loop diagram (CLD) in
risk assessment of a software development project. In the
causal-loop diagram, the notation is such that elements having
a causal relationship are connected with an arc, the arc being
added with a plus sign in the case of a positive correlation,
a minus sign in the case of a negative correlation, or double
lines in the case where there is a time delay until the effect

appears. PTL 2 discloses an example inwhich, in the case where
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an abnormality has occurred in a large-scale plant, a

cause—and-effect table associating an assumed cause of

abnormality with an indication pattern of each surveillance
index is referenced to identify the cause. PTL 3 discloses
an example of preparing a causal network defining the order
and interval of alarms to be generated by an interlock system
upon occurrence of an abnormality in a large-scale plant, so
that, when an alarm is actually generated, an operator can
predict an alarm that is possibly generated next and measures
to be taken in response thereto. PTL 4 shows a multi-layer
causal network in which causal graphs (graphs in which elements
having a positive correlation are connected with a "plus" arc
and elements having a negative correlation are connected with
a "minus" arc) for respective elapsed times tl, t2, and so forth
are arranged in the order of time to represent changes in causal
relationships among elements over time since the occurrence

of an abnormality.
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Summary of Invention

Technical Problem

[0004] In order to accurately perform an analysis or
prediction of the behavior of a target, it is important to
understand the causal propagation, i.e., when and how the
occurrence of an event A influences another event B. However,
in conventional causal networks, the propagation strength and
propagation delay (time delay) in cause and effect have not
been successfully modeled, and there has been a problem that
a complex causal relationship a target has cannot be
represented sufficiently.

[0005] The present invention has been made in view of the
above circumstance, and an object is to provide a technique
for representing clearly the behavior of a target having a

complex causal relationship involving a time delay.

Solution to Problem

[0006] The invention according to claim 1 is a data
structure for a causal relationship, including target
identification information for identifying a target for which
a causal relationship is represented, index identification
information of each of a plurality of indexes used for
quantitatively describing an event that occurs to the target,
and causal relationship information for each pair of two

different indexes selected from the plurality of indexes, the
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causal relationship information including direction
information representing which one of the two indexes is a cause
index and which one is an effect index, strength information
representing a causal strength between the cause index and the
effect index, time information representing a delay time for
propagation of an influence of the cause index to the effect
index, and correlation information representing a direction
of change in the effect index with respect to an increase or
decrease in the cause index. With the invention according to
claim 1, the behavior of the target having a complex causal
relationship involving a time delay can be represented
accurately.

[0007] The invention according to claim 2 is the data
structure for a causal relationship according to claim 1,
wherein the strength information represents a causal strength
between a change in the cause index and a change in the effect
index after a delay time represented by the time information.
With the invention according to claim 2, the causal strength
in consideration of a propagation delay from the cause index
to the effect index can be represented.

[0008] The invention according to claim 3 is the data
structure for a causal relationship according to claim 2,
wherein the time information represents a delay time with which
the causal strength between the cause index and the effect index
becomes maximum, and the strength information represents a
maximum causal strength between the cause index and the effect

index. With the invention according to claim 3, the causal
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strength in consideration of a propagation delay from the cause
index to the effect index can be represented. The difference
in causal strength or difference in delay time for each
combination of indexes can also be represented clearly.
[0009] The invention according to claim 4 is the data
structure for a causal relationship according to claim 2,
wherein the time information includes information of n delay
times from first to n-th (where n is an integer greater than
or equal to 2), and the strength information includes
information of n causal strengths corresponding to the
respective first to n-th delay times. With the invention
according to claim 4, the causal strength in consideration of
a propagation delay from the cause index to the effect index
can be represented. The difference in causal strength or
difference in delay time for each combination of indexes and
further the change in causal strength for each delay time can
also be represented clearly.

[0010] The invention according to claim 5 is the data
structure for a causal relationship according to any one of
claims 1 to 4, wherein the correlation information represents
a correlation coefficient between a value of the cause index
and a value of the effect index after a delay time represented
by the time information. With the invention according to claim
5, the strength of correlation can be represented clearly, in
addition to the direction of change in the effect index with
respect to the increase/decrease in the cause index (whether

the correlation is positive or the correlation is negative).
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[0011] The invention according to claim 6 is a causal
network generation system to generate a causal network
representing a causal relationship between a plurality of
events that occur to a target, the causal network generation
system including a data acquisition unit that acquires time
series data of each of a plurality of indexes used for
quantitatively describing the plurality of events, a causal
relationship evaluation unit that evaluates, for each pair of
two different indexes selected from the plurality of indexes,
a causal relationship between the two indexes, and an output
unit that outputs data describing a causal relationship for
each pair of the two indexes evaluated by the causal
relationship evaluation unit, the causal relationship
evaluation unit assuming one of the two indexes as a cause index
and the other as an effect index, and calculating a causal
strength between a change in the cause index and a change in
the effect index after a time s while varying a value of the
time s to evaluate a causal strength between the cause index
and the effect index and a delay time for propagation of an
influence of the cause index to the effect index. With the
invention according to claim 6, the causal network
representing clearly the behavior of the target having a
complex causal relationship involving a time delay can be
generated.

[0012] The invention according to claim 7 is the causal
network generation system according to claim 6, wherein the

causal relationship evaluation unit evaluates a delay time
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with which the causal strength between the cause index and the
effect index becomes maximum, and the causal relationship
output from the output unit includes information of the delay
time with which the causal strength between the cause index
and the effect index becomes maximum and information of a
maximum causal strength between the cause index and the effect
index. With the invention according to claim 7, the causal
network representing the causal strength in consideration of
a propagation delay from the cause index to the effect index
can be generated.

[0013] The invention according to claim 8 is the causal
network generation system according to claim 6 or 7, wherein
the causal relationship evaluation unit evaluates the causal
strength between the cause index and the effect index for n
delay times from first to n-th (where n is an integer greater
than or equal to 2), and the causal relationship output from
the output unit includes information of ndelay times from first
to n-th and information of n causal strengths corresponding
to the respective first to n-th delay times. With the
invention according to claim 8, the causal network
representing the causal strength in consideration of a
propagation delay from the cause index to the effect index can
be generated. The causal network also representing clearly
the difference in causal strength or difference in delay time
for each combination of indexes can be generated.

[0014] The invention according to claim 9 is the causal

network generation system according to any one of claims 6 to
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8, wherein the causal relationship evaluation unit calculates
a correlation coefficient between a value of the cause index
and a value of the effect index after the delay time, and the
causal relationship output from the output unit includes
information of the correlation coefficient. With the
invention according to claim 9, the causal network
representing clearly the relationship of an increase/decrease
in the cause index and a change in the effect index (whether
a correlation is positive or the correlation is negative) and
also the strength of correlation can be generated.

[0015] The invention according to claim 10 is the causal
network generation system according to any one of claims 6 to
9, wherein the causal relationship evaluation unit evaluates
a causal strength between the cause index and the effect index
using transfer entropy. With the invention according to claim
10, the causal relationship involving a time delay and the
causal strength thereof can be evaluated appropriately by

using transfer entropy.

Advantageous Effects of Invention
[0016] The present invention enables a clear
representation of the behavior of a target having a complex

causal relationship involving a time delay.

Brief Description of Drawings
[0017] [Fig. 1] A functional block diagram of a causal

network generation system.
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[Fig. 2] A flowchart showing the flow of causal network
generation processing.

[Fig. 3] An example of time series data used in generating
a causal network.

[Fig. 4] An example of a data structure of causal relationship
data.

[Fig. 5] A display example of a causal network.

[Fig. 6] A functional block diagram of a health management
support system.

[Fig. 7] Configuration examples of the health management
support system.

[Fig. 8] Configuration examples of the health management
support system.

[Fig. 9] A flowchart showing the flow of processing of the
health management support system.

[Fig. 10] Examples of causal relationship data, a causal
network, and a partial network.

[Fig. 11] Diagrams for illustrating processing of generating
a graph for user support.

[Fig. 12] A flowchart showing the flow of processing of
detecting an exercise effect appearing span.

[Fig. 13] A diagram showing an example of detecting a positive
exercise effect appearing span SP-posi.

[Fig. 14] A diagram showing an example of joining contiguous
spans.

[Fig. 15] A diagram showing an example of the graph for user

support.
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[Fig. 16] An example of templates stored in a support message
pattern storage unit.
[Fig. 17] A display example of support information provided

to a user.

Description of Embodiments

[0018] <Causal network generation system>

A causal network generation system according to an embodiment
of the present inventionwill be described. The causal network
generation system is a system for automatically generating a
causal network representing causal relationships among a
plurality of events that occur to a target of analysis. The
causal network is for representing the behavior of a target
of analysis, and is applicable to analyses and predictions of
behaviors of various targets such as, for example, management
and maintenance of a production line or large-scale plant,
prediction of weather or a disaster, forecasting of stock
prices or currency exchange rates, or marketing.

[0019] Fig. 1 shows a functional configuration example
of a causal network generation system 1. The causal network
generation system 1 includes functional blocks such as a time
series data acquisition unit 10, a causal relationship
evaluation unit 11, and a causal relationship data output unit
12. The system 1 can be configured of a general-purpose
computer including a central processing unit (CPU), a primary
storage device (memory), an auxiliary storage device (such as

a hard disk or semiconductor disk), an input device (such as
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a keyboard, mouse, or touch panel), a display device (such as
a liquid crystal monitor), and a communication IF. Each
function shown in Fig. 1 is realized by the CPU reading and
executing a program. The system 1 can be configured of one
device or can be configured of a plurality of devices capable
of wired or wireless communication with each other.

[0020] The time series data acquisition unit 10 is a
function of acquiring time series data that of an index used
for quantitatively describing an event that occurs to a target
of analysis. The type and number of events (indexes) can be
designed at will to suit the target or purpose of analysis.
For example, if the purpose ismaintenance of a production line,
environmental data such as the output of a sensor provided to
a manufacturing device, the manufacturing conditions, the
operating time, the rolled throughput yield and first time
yield, and the temperature and humidity can be chosen as the
indexes. 1In a complex system, time series data of several tens
to several hundreds of types of indexes can be used.

[0021] The causal relationship evaluation unit 11 is a
function of assessing the causal relationships among
respective indexes. As described above, in order to
accurately perform an analysis or prediction of the behavior
of a target, a correct understanding is necessary of the causal
strength between two indexes (a cause index and an effect index)
and the delay time for propagation of the influence of the cause
index to the effect index. Thus, the causal relationship

evaluation unit 11 of this embodiment assesses the causal
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relationship between two indexes, using the concept of
"transfer entropy (TE)" in information theory.

[0022] Transfer entropy is a measure or method of
assessing a causal relationship in consideration of a
propagation time (delay time) between two indexes X and Y. The
average amount of information (entropy) that has transferred
fromindex Xto index Y after a time s is regarded as the strength
(i.e., causal strength) of the influence of the cause index
X on the effect index Y after the time s. A correlation
coefficient is a similar concept, but a correlation
coefficient merely assesses the degree of a linear
relationship between two indexes X and Y and the sign of the
linear relationship, and differs from transfer entropy in that
the direction of cause and effect (which index is the cause
and which is the effect) and the time delay are not taken into
consideration.

[0023] Assuming time series data of respective indexes
X and Y as x(t) and y(t) and the probability density function
as P(x(t)) and P(y(t)), a transfer entropy TExy(s) relating
to the delay time s, with index X as the cause and index Y as
the effect, can be calculated with the following equation.

[Math. 1]

TE ., (s) = [logz Ply(t+5),y(0), x(t))'P(y(t))}

P(y(0),x(0))- P(y(t +5), (1))
Herein, P(a,b) represents joint probability density variables
of P(a) and P(b), and [*] represents the time average of *.

[0024] As can be seen from the above equation, the
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transfer entropy can be calculated, given the time series data
of two indexes X and Y and the delay time s. 1In the case where
a causal relationship such that X is the cause and Y is the
effect exists between indexes X and Y, TExy(s) > TEyx(s) holds
between the value of TExy(s) and the value of TEvx(s) calculated
with the cause and effect reversed. Thus, by assessing the
magnitude relationship of the values of TExy(s) and TEvyx(s),
the existence of the causal relationship and the direction of
cause and effect can be determined. By calculating the
transfer entropy TExy(s) while varying the wvalue of s, the
maximum value of the causal strength between the cause index
X and the effect index Y and the delay time s with which the
causal strength becomes maximum can be evaluated.

[0025] The causal relationship data output unit 12 is a
function that generates and outputs data (referred to as causal
relationship data) describing a causal relationship between
respective indexes assessed by the causal relationship
evaluation unit 11. For the output destination of the causal
relationship data, an auxiliary storage device, a display
device, a printer, an external storage or computer (on a LAN
or the Internet), or the like is assumed.

[0026] (Processing of generating causal network)

The flow of causal network generation processing by the causal
network generation system 1 will be described, along a
flowchart in Fig. 2.

[0027] In step S20, the time series data acquisition unit

10 acquires time series data of a plurality of indexes relating
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to a target of analysis. Herein, it is assumed that time series
data of m indexes El1 to Em (where m is an integer greater than
or equal to 2) is acquired. The source of acquisition and
method of acquisition of the time series data are not limited.
For example, data stored in an auxiliary storage device may
be read, or data may be acquired from an external storage device
or computer via a LAN or the Internet. Fig. 3 schematically
shows an example of the time series data. The abscissa of each
graph is the time axis, and the ordinate is the value of the
index.

[0028] Subsequently, the causal relationship evaluation
unit 11 performs the following processing for each pair of two
indexes (Ei and Ej) selected from the m indexes E1 to Em (step
S21). Herein, Ei represents the cause index, and Ej the effect
index. 1Indices i and j representing the index number satisfy
i equals 1 tom, j equals 1 to m, and i1 # j.

[0029] First, the causal relationship evaluation unit 11
sets the delay time s to a minimum value smin (step S22). Then,
the causal relationship evaluation unit 11 evaluates the
causal strength between the cause index Ei and the effect index
Ej after the time s (step S23). 1In this embodiment, a transfer
entropy TEij calculated with the formula above is used as the
causal strength. In the case where the transfer entropy in
the opposite direction, i.e., a transfer entropy TEji from
index Ej to index Ei after the time s, is calculated and the
transfer entropy in the opposite direction is greater (TEji

>TEij), it is advisable to determine that a causal relationship
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such that index Ei is the cause and index Ej is the effect is
absent between the two indexes (Ei and Ej) and assume the causal
strength as 0.
[0030] In the case where a causal relationship between
the cause index Ei and the effect index Ej is recognized (in
the case where the causal strength is not 0) (YES in step S24),
the causal relationship evaluation unit 11 calculates the
correlation coefficient of the cause index Ei and the effect
index Ej after the time s (step S25). Themethod of calculating
the correlation coefficient is known, and therefore
description is omitted.
[0031] The processing of steps S23 to S25 above is
executed repeatedly while increasing the value of s by a time
step width As (step S26). When the processing has ended for
up to a maximum value smax of the delay time (step S27), it
proceeds to the processing for the next pair of indexes (NO
in step S28). When the evaluation of a causal relationship
has ended for all possible pairs of two indexes (YES in step
528), the causal relationship data output unit 12 generates
causal relationship data (step S29) and ends the processing.
[0032] <Data structure for causal relationship>

Fig. 4 schematically shows an example of a data structure
of causal relationship data. The causal relationship data
includes target identification information for identifying a
target (target of analysis) for which a causal relationship
is represented, index identification information of each of

m indexes, and causal relationship information for each pair
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of two indexes.

[0033] The target identification information describes
the name, the ID, or the like of the target of analysis. The
target identification information is information to be
referenced in order to identify what the causal relationship
represented by the causal relationship data pertains to, and
thus may describe any content as long as distinction from other
targets of analysis can be made. The index identification
information describes the name, the ID, or the like for
identifying an index or event. The index identification
information is information to be referenced in order to
identify what each index represents, and thus may describe any
content as long as distinction from other indexes can be made.
[0034] The causal relationship information is configured
of a two-dimensional array of m x m (where m = 6 in the example
of Fig. 4), and causal relationship information between a cause
index i1 and an effect index j is stored in a cell of element
number (i,j). An example of data description of causal
relationship information Ark (3, 4) for element number (3,4) is
shown below.

[0035] Ark (3,4) = {

Causality = 0.58;

Delay = 3;
Co_CoEf = -0.7
}
[0036] Causality is strength information representing

the maximum causal strength (transfer entropy) between the
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cause index 1 and the effect index j, and Delay is time
information representing the delay time with which the causal
strength becomes maximum. Co_CoEf is correlation information
representing the direction of change in the effect index j with
respect to an increase or decrease in the cause index i (whether
the correlation is positive or the correlation is negative).
In this example, "day" is used as units for Delay, and the
correlation coefficient between the cause index i and the
effect index j after Delay is used as the correlation
information. That is, from the causal relationship
information Ark(3,4) in the above example, it can be seen that
a causal relationship exists between a cause index 3 and an
effect index 4 with the direction of cause and effect being
from index 3 to index 4, the causal strength is 0.58, it takes
(there is a delay of) 3 days for the influence of the cause
index 3 to propagate to the index 4, there is a negative
correlation between the cause index 3 and the effect index 4,
and the strength thereof is 0.7.

[0037] In the case where it is determined that a causal

relationship is absent between indexes i and j in step S24

described above, NULL is set for Ark (i, j). NULL is also set
for cells of Ark (i, j) where i = j.
[0038] The causal relationship information may describe

information of the causal strength and correlation coefficient
corresponding to each of ndelay times from first to n-th (where
n is an integer greater than or equal to 2), instead of

describing only the maximum value of the causal strength and
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the delay time and correlation coefficient at the time. An
example of data description of the causal relationship

information Ark(3,4) for element number (3,4) is shown below.

[0039] Ark (3,4) = {
Causality[] = {0.02, 0.13, 3.2, ...};
Co_CoEf[] = {-0.2, -0.13, -0.7, ...}
}
[0040] In this description example, data of strength
information (Causality[]) and correlation information
(Co_CoEf[]) is held in a one-dimensional array. The element

number of the array corresponds to the delay time (in units
of "days"). That is, Causality[0] =0.02 represents the causal
strength in the case where the delay is 0 days (delay is absent),
Causality[1l] = 0.13 the causal strength in the case where the
delay is 1 day, and so forth, and Co_CoEf[0] = -0.2 represents
the correlation coefficient in the case where the delay is 0
days, Co_CoEf[1l] = -0.13 the correlation coefficient in the
case where the delay is 1 day, and so forth. In the case where
the units (time step width) of the delay time are to be set
at will, an array Delay[] of the delay time may be held, as

in an example of data description below.

[0041] Ark (3,4) = {
Causality[] = {0.02, 0.13, 3.2, ...};
Delay[] = {0, 2, 5, ...};
Co_CoEf[] = {-0.2, -0.13, -0.7, ...}

}

[0042] Such a data structure enables a clear
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representation of the behavior of a target having a complex
causal relationship involving a time delay. From causal
relationships involving a plurality of events (indexes), a
pair of events (indexes) having a strong causal relationship
can be found easily. Moreover, since the propagation delay
of cause and effect can be taken into consideration, a more
appropriate understanding of causal relationships is possible
compared to with conventional methods. Further, since a
correlation coefficient between two events (indexes) i1s also
held, the sign of correlation and the strength of correlation
can also be represented. With the presence of such
information, searching or narrowing down of a causal
relationship with a constraint condition in the sign of
correlation or the strength of correlation, for example, can
be carried out easily, and it is useful for analysis and
prediction of the behavior of a target.

[0043] Fig. 5 is a display example of a causal network
with the causal relationship data output unit 12. In this
directed graph, each node corresponds to an index, and an arc
that links two nodes shows a causal relationship and the
direction of cause and effect between the two nodes (with the
base end side of the arc being a cause node and the arrow side
being an effect node). The index identification information
is displayed for each node, and the causal strength, delay time,
and correlation coefficient are displayed for each arc. 1In
the upper portion of the directed graph, the target

identification information is displayed. Upon viewing such
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a causal network, the presence or absence of a causal
relationship between indexes, the direction of cause and
effect, the causal strength, the time it takes for propagation
of cause and effect, the sign and degree of a correlation, and
the like can be grasped easily.

[0044] In the above processing, a causal relationship has
been evaluated from time series data of one target of analysis.
However, a causal relationship can be evaluated from time
series data of each of a plurality of targets of analysis. For
example, analyzing vital data of a plurality of subjects, or
analyzing data of a plurality of production lines with the same
design can be assumed. Since the basic behavior is common to
the same type of targets of analysis, relationships such as
the presence or absence of a causal relationship, the direction
of cause and effect, the sign of correlation, and the like are
supposedly the same. However, there may be individual
variability regarding the causal strength and the delay time.
In the case of evaluating a causal relationship fromtime series
data of a plurality of targets of analysis, it is advisable
to calculate the causal strength, the delay time, the
correlation coefficient, or the like for each target of
analysis, and further hold the maximum value, the minimum
value, the average value, the variance, the standard
deviation, or the like thereof as statistic information within
causal relationship data. An example of data description of
the causal relationship data in such a case is shown below.

[0045] Ark(3,4) = {
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Causalityl[] = {2.2, 3.5, 3.0, ...};

Causality_Max = 4.4;

Causality_Ave = 2.8;

Causality_Var = 0.89;

Delayl[] = {3, 2, 4, ...};

Delay_Max = 5;

Delay_Ave = 3.1;

Delay_Var = 1.88;

Co_CoEf[] = {0.5, 0.32, 0.3, ...}

}

[0046] In this description example, data of the strength
information (Causality([]), time information (Delay[]), and
correlation information (Co_CoEf[]) is held in a

one—-dimensional array. The element number of an array
corresponds to the target-of-analysis number. That is, for
the 0-th target of analysis, a causal strength Causality[0]
equals 2.2, a delay time Delay[0] equals 3, and a correlation
coefficient Co_CoEf[0] equals 0.5. As the statistic
information, the maximum value (Causality_Max), average value
(Causality_Ave), and variance (Causality_Var) of the causal
strength and the maximum value (Delay_Max), average value
(Delay_Ave), and variance (Delay_Var) of the delay time are
held for all targets of analysis.

[0047] Such a data structure enables a clear
representation of the behavior of a target (target group), even
in the case where there is individual variability in causal

strength or propagation delay of cause and effect. Since the
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statistic information for a plurality of targets is held, there
are possibilities of new findings such as, for example, that
there is a strong causal relationship between indexes X and
Y, but also great individual variability in delay time, or that
the reliability for a causal relationship between indexes A
and B is low because the dispersion of the causal strength and
the dispersion of the delay time for indexes A and B are
extremely large.
[0048] <Application example of causal network: health
management support system>

The causal network (causal relationship data) described
above can be applied to an analysis or prediction of the
behavior of various targets. As one example, an example of
application to a causal analysis of indexes relating to health
management of a human will be described below.
[0049] In recent years, there has been a growing interest
in health, and an increasing number of people are personally
keeping records of diets and exercises or recording measured
values of vital data, such as the blood pressure or weight,
for use in health management. However, even with such
information accumulated, it is not easy for a person without
expertise in medicine or physiology to find a relationship
(causal relationship) between respective numerical values or
to gain useful knowledge for health management. Moreover, the
way in which vital data changes or the time lag until the
influence of a diet or exercise appears as a change in vital

data varies from person to person. This is another reason
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health management is difficult. A health management support
system described below is for creating and presenting to a user
the causal network described above, so that health management
by the user him/herself is made easy.
[0050] <System configuration>

Fig. 6 is a functional block diagram showing the overall

configuration of a health management support system 6 (also

referred to simply as "the system 6") according to this
embodiment.
[0051] The system 6 includes functional blocks such as

a plurality of index recording units 60, a data transmission
unit 61, a data storing unit 62, a causal network generation
unit 63, a data acquisition unit 64, a graph drawing unit 65,
a support message generation unit 66, a support message pattern
storage unit 67, a drawing synthesis unit 68, and an output
unit 69. The functional blocks can be configured of one device
or can be configured of a plurality of devices capable of wired
or wireless communication with each other. (A specific

example of the device configuration will be described later.)
[0052] The index recording unit 60 is a functional block
that records various indexes that are a measurement or input
from a user. Any index relating to health may be recorded.
To give an example, the number of steps, walking distance, time
of exercise, amount of exercise (calorie consumption), amount
of activity (product of the exercise intensity and time), time
of sleep, time and number of rests, calorie intake, amount of

salt intake, dosage of medicine, and amount of supplement
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intake are indexes that can influence health, out of activities
(motions or actions) carried out by a user. Indicators that
are measurements of a user or something collected from a user
include the blood pressure, pulse rate, weight, body fat
percentage, amount of body fat, muscle percentage, amount of
muscle, abdominal circumference, BMI, cholesterol level,
blood sugar level, urine sugar level, and body temperature.
In addition, the cost or the like of healthcare or medicine
can also be treated as an index relating indirectly to health.
The configuration may be such that the value of each index is
manually input by a user, or it may be such that the index
recording unit 60 is configured of a measuring instrument such
as a pedometer or blood pressure meter, so that the index value
can be measured and recorded automatically.

[0053] The data transmissionunit 61 is a functional block
with which data of each index recorded by the index recording
unit 60 is transmitted and registered with respect to the data
storing unit 62. The data storing unit 62 is a database that
stores and manages data of each index accepted via the data
transmission unit 61 in the order of time. Causal relationship
data generated by the causal network generation unit 63 is also
saved in the data storing unit 62. In the case where the system
is used by a plurality of users, data needs to be collected
and accumulated for each user. Therefore, it is advisable to
manage time series data and causal relationship data of each
index together with a user ID for identification of a user.

[0054] The causal network generation unit 63 is a block
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having the same function as the causal network generation
system 1 shown in Fig. 1. The causal network generation unit
63 generates causal relationship data from time series data
of each index read from the data storingunit 62. The generated
causal relationship data is stored in the data storing unit
62.

[0055] The data acquisition unit 64 is a functional block
that acquires causal relationship data or time series data of
an index from the data storing unit 62. The graph drawing unit
65, the support message generation unit 66, the support message
pattern storage unit 67, the drawing synthesis unit 68, and
the output unit 69 are a group of functional blocks forming
an information providing unit that provides a user with support
information relating to health management. The graph drawing
unit 65 generates a causal network (directed graph) based on
causal relationship data or generates a graph of time series
data of each index. The support message generation unit 66
performs generation of a support message using a message
template registered in the support message pattern storage
unit 67, based on causal relationship data or time series data
of each index. The generated graph and support message are
synthesized by the drawing synthesis unit 68 and output to a
display device, an external terminal, or the like by the output
unit 69. Specific processing of generating the support
information and a specific example of the graph and support
message will be described later.

[0056] <Example of device configuration>
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The health management support system in Fig. 6 may employ
various device configurations. Fig. 7(a) to Fig. 8(b) show
specific examples of the device configuration.

[0057] Fig. 7(a) 1is an example in which the health
management support system is configured of one device 70. The
device 70 can be configured of a general-purpose personal
computer including a central processing unit (CPU), a primary
storage device (memory), an auxiliary storage device (such as
a hard disk or semiconductor disk), an input device (such as
a keyboard, mouse, or touch panel), a display device (such as
a liquid crystal monitor), and a communication IF.
Alternatively, the device 70 can be configured of a device that
provides a function equivalent to that of a personal computer,
such as a tablet terminal, smartphone, or personal digital
assistant (PDA), or the device 70 can be configured of a
dedicated machine with an embedded board computer. In the case
of the configuration in Fig. 7(a), a user operates the input
device to perform data input of each index, and support
information is output to the display device.

[0058] Fig. 7(b) is an example of combining measuring
instruments such as a pedometer 71 and a blood pressure meter
72 with the device 70. Data measured with the pedometer 71
or the blood pressure meter 72 is transferred to the device
70 through a wired line (e.g., USB) or wirelessly (e.g., with
Bluetooth® or WiFi). In the case of this configuration, the
pedometer 71 and the blood pressure meter 72 corresponds to

the index recording unit 60 in Fig. 6, and a data communication
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function embedded in the pedometer 71 and the blood pressure
meter 72 corresponds to the data transmission unit 61 in Fig.
6. Support information may be output to the display device
of the device 70, or may be transmitted to the pedometer 71
or the blood pressure meter 72 to be output to a display unit
of the pedometer 71 and the blood pressure meter 72.

[0059] Fig. 8(a) is an example of cloud computing and is
an example in which the data storing unit 62 in Fig. 6 is
configured of an online storage 80. In the configuration of
Fig. 8(a), a terminal 81 operated by a user includes functions
of the data transmission unit 61, the causal network generation
unit 63, the data acquisition unit 64, and the information
providing unit in Fig. 6, and executes upload of data measured
with the pedometer 71 or the blood pressure meter 72, download
of time series data, generation of a causal network, generation
and display of the support information, and the like. 1In a
similar manner to the device 70 shown in Fig. 7, the terminal
81 can be configured of a personal computer, a tablet terminal,
a smartphone, a dedicated machine, or the like. 1In the case
where the pedometer 71 or the blood pressure meter 72 allows
for Internet access, datamay be uploaded directly to the online
storage 80 from the pedometer 71 or the blood pressure meter
72

[0060] Fig. 8(b) is also an example of cloud computing.
The difference from Fig. 8(a) is that a cloud server 82 serves
the functions of the data storing unit 62, the causal network

generation unit 63, the data acquisition unit 64, and the
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information providing unit inFig. 6. On the side of a terminal
83 operated by a user, it suffices to provide a function of
a request unit that makes a request for support information
with respect to the cloud server 82, a display unit that
displays support information received from the cloud server
82, or the like. For identification of a user, it suffices
to include a user ID in the request for support information
or to perform authentication with the user ID, for example.
The configuration of Fig. 8(b) can reduce resources (such as
the data capacity or computing power) necessary on the terminal
side and simplify the configuration of the terminal 83, and
therefore is suitable for a service of performing a health
management support particularly with an app in a tablet
terminal, a smartphone, or the like.
[0061] <Processing example 1>

An example of processing of analyzing a causal network
that is executed by the health management support system 6 will
be described. As a premise, it is assumed that a user has,
over a certain period (e.g., one month or more), kept a record
of six indexes of the diet (calorie intake), exercise (calorie
consumption), salt intake, weight, blood pressure, and
healthcare cost, and that time series data thereof is already
accumulated in the data storing unit 62. It is also assumed
that, based on the time series data of the six indexes, the
causal network generation unit 63 has generated a causal
network (see Fig. 2 for specific processing), and that causal

relationship data thereof is already accumulated in the data
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storing unit 62.

[0062] The flow of processing will be described, along
a flowchart in Fig. 9. First, the data acquisition unit 64
acquires causal relationship data from the data storing unit
62 (step S90). Fig. 10(a) is an example of the causal
relationship data, and Fig. 10(b) is an example of a causal
network (directed graph) drawn based on the causal
relationship data. As shown in Fig. 10(b), an extremely
complex network is generated when causal relationships of all
indexes are represented, and it is difficult to figure out the
relationships of the indexes and the points to be noted.
[0063] The graph drawing unit 65 provides a function of
creating a partial network described next. First, the graph
drawing unit 65 selects an index of interest from the six
indexes (step S91). The index of interest may be either one.
For example, a user him/herself may designate an index for which
a causal analysis is intended, or the graph drawing unit 65
may select an index to which causal relationships with other
indexes are concentrated as the index of interest. Herein,
it is assumed that "index 5: blood pressure" is selected as
the index of interest. Next, the graph drawing unit 65 sets
the threshold values of the causal strength and the correlation
coefficient (step S92). The threshold value may be determined
from, for example, medical evidence or past data of the user
him/herself. Alternatively, the threshold value may be set
based on the dispersion of the causal strength or correlation

coefficient of the index of interest and the other five indexes.
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Subsequently, the graph drawing unit 65 cuts off an arc (causal
relationship) for which the value of the causal strength and/or
coefficient is less than the threshold value set in step S92,
and deletes the node of an index, unless the index is linked
to "index 5: blood pressure" that is the index of interest (step
S93) .
[0064] By the above operation, a partial network relating
to the index of interest (blood pressure), as shown in Fig.
10(c), is generated. 1In this example, "index 4: weight" and
"index 2: exercise" are detected as factors influencing the
blood pressure, and "index 6: healthcare cost" is detected as
a factor influenced by the blood pressure. A solid arc shows
a positive correlation, and a dashed arc a negative
correlation. As additional information for each arc,
information of the causal strength, the delay time, the
correlation coefficient, or the like is shown.
[0065] In step 594, the support message generation unit
66 generates a support message relating to health management,
based on information of the name, the causal strength, the delay
time, the sign of correlation, or the like of each index
extracted for the partial network. A template such as the
following is prepared in the support message pattern storage
unit 67.
[0066] Template example:

Tl: The <C> in <FC> seems to be influencing the <C> in
<FT> the most.

T2: In your case, the <C> in <FC> seems to cause the <FT>



10

15

20

25

31

to <C>, and it seems that the effect of the <FC> appears after
<AD> days.

T3: The <FE> tends to <C> with the <C> in <FT>. Stay
attentive.

[0067] A character string between "<" and ">" embedded
within the template is replaced by a character string below
upon generating the support message.

<FT>: Name of index of interest

<FE>: Name of index influenced by index of interest

<FC>: Name of index influencing index of interest

<C>: "increase" in the case of positive correlation or
"decrease" in the case of negative correlation

<AD>: Value of delay time Delay
[0068] In the case of the example in Fig. 10(c), the
following support message is generated using templates Tl to
T3.

"The increase in weight seems to be influencing the
increase in blood pressure the most."

"In your case, the increase in exercise seems to cause
the blood pressure to decrease, and it seems that the effect
of the exercise appears after 3 days."

"The healthcare cost tends to increase with the increase
in blood pressure. Stay attentive."

[0069] In step S95, the graph (Fig. 10(c)) of the partial
network and the support message are displayed in the display
device. By viewing such a support message, a user can easily

grasp how the indexes relate to one another, for use in one's
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own health management.
[0070] <Processing example 2>

Next, a specific example of data analysis processing and
processing of generating and displaying support information
that are executed by the health management support system 6
will be described. As a premise, it is assumed that a user
has, over a certain period (e.g., one month or more), kept a
record of a plurality of indexes such as the diet, number of
steps, weight, blood pressure, and pulse rate, and that time
series data and causal relationship data thereof are already
accumulated in the data storing unit 62. An example will be
described below in which processing of performing exercise
support for a user, using time series data and causal
relationship data of the number of steps and blood pressure
for which a causal relationship has been found.
[0071] (1) Generation of graph for user support

First, the graph drawing unit 65 creates a line graph
in which the abscissa is time (in days) and the ordinate is
the number of steps (in steps) and blood pressure (in mmHg),
using time series data St(t) of the number of steps and time
series data Bp(t) of the blood pressure. Fig. 1l(a) is an
example of the graph. Reference sign 110 denotes a graph line
for the number of steps, and reference sign 111 denotes a graph
line for the blood pressure.
[0072] Next, the graph drawing unit 65 acquires a time
delay amount (delay time) sd between the number of steps and

the blood pressure from the causal relationship data, and
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shifts the graph line 110 of the number of steps to the right
by the time delay amount sd. (Alternatively, the graph line
111 of the blood pressure may be shifted to the left by sd.)
Fig. 11(b) is an example of the graph after the shift, and
reference sign 112 shows a graph line of the number of steps
that has been shifted to the right by sd. Hereinafter, a graph
in which one graph line has been shifted by the time delay amount
sd, as shown in Fig. 11(b), is referred to as a "time-adjusted
graph of the number of steps and blood pressure."

[0073] Subsequently, the graph drawing unit 65 detects
a positive exercise effect appearing span SP-posi and a
negative exercise effect appearing span SP-nega from the
time—-adjusted graph of the number of steps and blood pressure.
Herein, the positive exercise effect appearing span refers to
a span in the time-adjusted graph of the number of steps and
blood pressure in which the number of steps increases and the
blood pressure decreases. The negative exercise effect
appearing span refers to a span in the same graph in which the
number of steps decreases and the blood pressure increases.
Various methods of detecting positive and negative exercise
effect appearing spans are conceivable. An example is shown
in Fig. 12.

[0074] In the description below, Sday and Eday are
respectively variables showing the calculation starting day
and the calculation ending day, and Db and Ds are respectively
variables showing the amount of change in blood pressure and

the amount of change in the number of steps. Bp(t) and St (t)
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respectively show the blood pressure and the number of steps
in a particular day t. (Note that the number of steps St (t)
is data that has been shifted by the time delay amount sd.)
It is assumed that appropriate values are set in advance for
the following threshold wvalues.
[0075] ThSpan: Maximum period (e.g., 7 days) for
calculating amount of change

ThDifBp: Difference value (positive value, e.g., 3 mmHqg)
by which blood pressure is determined to have
increased/decreased

ThDifSt: Difference value (positive value, e.g., 1000
steps) by which number of steps is determined to have
increased/decreased
[0076] When the processing in Fig. 12 is started, the
graph drawing unit 65 assigns 1 to the calculation starting
day Sday (step S800) and assigns Sday + 1 to the calculation
ending day Eday (step S801). It proceeds to step S803 if there
is data of the number of steps and blood pressure for the
calculation ending day Eday, or proceeds to step S813 if data
of the number of steps and blood pressure is does not exist
(step S802).
[0077] In steps S803 and S804, the graph drawing unit 65
calculates the amount of change Db in blood pressure and the
amount of change Ds in the number of steps between the
calculation starting day Sday and the calculation ending day
Eday with the following equations.

Db = Bp(Eday) - Bp(Sday)
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Ds = St(Eday) - St (Sday)
[0078] Subsequently, determination on the positive
exercise effect appearing span SP-posi is performed (step
5805). Specifically, in the case where the amount of change
Db in blood pressure satisfies the condition "Db < -1 x ThDifBp"
and the amount of change Ds in the number of steps satisfies
the condition "Ds > ThDifSt" (YES in step S805), the graph
drawing unit 65 records a span from Sday to Eday as SP-posi
(step S806) and proceeds to step S811. In the case where Db
or Ds does not satisfy the above condition (NO in step S805),
it is determined that a positive exercise effect has not
appeared and proceeds to step S807.
[0079] In step S807, determination on the negative
exercise effect appearing span SP-nega is performed.
Specifically, in the case where the amount of change Db in blood
pressure satisfies the condition "Db > ThDifBp" and the amount
of change Ds in the number of steps satisfies the condition
"Ds < =1 x ThDifSt" (YES in step S807), the graph drawing unit
65 records the span from Sday to Eday as SP-nega (step S808)
and proceeds to step S811. In the case where Db or Ds does
not satisfy the above condition (NO in step S807), it is
determined that a negative exercise effect has not appeared
and proceeds to step S809.
[0080] Then, Eday is incremented by 1 (step S809), and
processing of steps S802 to S809 is repeated until Eday reaches
ThSpan (step S810). That is, determination on whether the

exercise effect appearing span applies is performed
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sequentially, while the length of the span (1 day being the
shortest and ThSpan being the longest) is increased by 1 day
at a time. Accordingly, not only day-to-day changes in the
number of steps and blood pressure, but also the trend of change
on a macro level within, to some extent, a long period can be
assessed. Therefore, failures to detect an exercise effect
appearing span can be reduced. Using Fig. 13, an example of
detecting an exercise effect appearing span by varying the
length of the span will be described.

[0081] Fig. 13 is an example of detecting the positive
exercise effect appearing span SP-posi. In Fig. 13, there is
an increasing trend for the number of steps St(t), and there
is a decreasing trend for the blood pressure Bp(t). The span
"Sday to (Eday — 1)" is not determined as Sp-posi, since the
amount of change Ds in the number of steps that equals St (Eday
- 1) - St(Sday) does not satisfy the condition Ds > ThDifSt.
However, the span "Sday to Eday" is detected as the positive
exercise effect appearing span SP-posi, since, in subsequent
determination processing for the span "Sday to Eday," the
amount of change Db in blood pressure that equals Bp(Eday -
1) - Bp(Sday) satisfies the condition "Db < -1 x ThDifBp" and
the amount of change Ds in the number of steps that equals
St (Eday) — St(Sday) satisfies the condition "Ds > ThDifSt."
[0082] In the above manner, when the determination
processing for spans starting from the calculation starting
day Sday has ended, the graph drawing unit 65 updates the

calculation starting day Sday with Sday = Eday + 1 (step S811).
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It returns to step S801 to repeat the processing if data of
the number of steps and blood pressure for Sday after the update
exists, or it proceeds to step S813 if data of the number of
steps and blood pressure does not exist (step S812).

[0083] In step S813, the graph drawing unit 65 performs,
if a plurality of detected exercise effect appearing spans
include contiguous spans, processing of joining the contiguous
spans. At this time, the positive exercise effect appearing
span SP-posi and the negative exercise effect appearing span
SP-nega are not joined. Fig. 14 shows an example of joining
contiguous spans. A graph on the left side in Fig. 14 shows
SP-posi and SP-nega that have been detected, and a graph on
the right side shows SP-posi and SP-nega with contiguous spans
joined. Only spans adjacent without an interval may be joined,
or spans between which an interval is extremely short (e.g.,
approximately one to several days) may be regarded contiguous
spans and also joined.

[0084] Based on information obtained through the
processing described above, the graph drawing unit 65
generates a graph for user support to be presented to a user.
Fig. 15 is an example of the graph for user support. 1In this
example, two graphs are displayed. Drawn in the graph on the
left side are, in addition to a number-of-steps graph line 150
plotted for time series data of the number of steps and a blood
pressure graph line 151 plotted for time series data of the
blood pressure, an exercise effect graph line 152 plotted by

shifting the number-of-steps graph line 150 by a time delay
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amount and information 153 showing the time delay amount (3
days in this example). Drawn in the graph on the right side
are a positive exercise effect appearing span 154 and a negative
exercise effect appearing span 155 on the blood pressure graph
line 151 and the exercise effect graph line 152. While it is
possible that a plurality of exercise effect appearing spans
exist, all may be drawn on the graph, or only a representative
one (e.g., one in which the span is longest) may be drawn on
the graph. A caption for each element can be set at will.
[0085] (2) Generation of message for user support

As an example, this embodiment presents two types of
messages for user support of a first message including a result
of assessment of an exercise carried out by a user and/or an
advise for the future and a second message including the delay
characteristics (time delay amount) of the exercise effect for
the user.
[0086] Fig. 16 shows an example of a template stored in
the support message pattern storage unit 67. The support
message pattern storage unit 67 includes a first table 160 in
which a plurality of templates for the first message are
registered and a second table 161 in which a plurality of
templates for the second message are registered. The
templates may be registered in advance in the system, or a
system administrator or user may be able to add, edit, or delete
the template. Each template is registered in association with
a selection condition for the template. It is advisable to

set the selection condition using a value such as, for example,
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a causal strength TEmax, number of steps St, a blood pressure
Bp, the amount of change Ds in the number of steps, the amount
of change Db in blood pressure, or the time delay amount sd.
In the example of Fig. 16, a selection condition combining the
condition of the causal strength TEmax and the condition of
the amount of change Ds in the number of steps or amount of
change Db in blood pressure is set in the template for the first
message, and a selection condition with the causal strength
TEmax is set in the template for the second message. A
character string between "<$" and ">" embedded within the
template is a portion to be replaced by an actual value upon
generating the message for user support.
[0087] For example, consider a case where the following
are obtained.

SP-posi: February 5, 2013 to February 12, 2013

TEmax: 0.53

sd: 3
Db: 14
Ds: 2050

The support message generation unit 66 selects a second
template from the first table 120 to generate the first message
saying

"Take a 1look at the period of February 5, 2013 to February
12, 2013. Your hard work has paid off and lowered the blood
pressure by 14 mmHg! Amazing!"
and selects a first template from the second table 121 to

generate the second message saying
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"In your case, the effect of exercise appears in
approximately three days."
[0088] The generated message for user support is
synthesized in a predetermined area of the graph for user
support by the drawing synthesis unit 68 and output to a display
device, an external terminal, or the like by the output unit
69. Fig. 17 is a display example of the support information.
The first message is displayed in the upper portion of a screen,
and the second message is displayed in the upper portion of
the left graph. By viewing such support information, a user
can become aware of the delay characteristics in the effect
of one's own exercise and check the effect resulting from the
exercise intuitively and with confidence.
[0089] The system described above enables a health
management support in consideration of a time delay until an
effect resulting from an exercise appears. Particularly,
since the causal strength and delay time calculated from data
of the number of steps and blood pressure of a user him/herself
are used, it is possible to present a causal relationship of
an exercise carried out by the user and an effect thereof in
a comprehensible manner, so that the motivation to continue
the exercise is maintained.
[0090] By viewing the screen in Fig. 17, one can become
aware of his/her inherent physiological characteristics that
an effect resulting from an exercise appears with a delay of
approximately 3 days. Thus, a user can understand which parts

of the increase or decrease in the number of steps and the change
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in blood pressure to compare, and can check the outcomes of
past exercises or conversely notice the blood pressure
worsening due to inactivity. Also, health management (e.g.,
an exercise plan or goal setting for the number of steps or
blood pressure) in consideration of one's own physiological
characteristics is made possible.

[0091] By comparing the exercise effect graph line
(shifted number-of-steps graph line) and the blood pressure
graph line in the screen of Fig. 17, the causal relationship
(negative correlation) of the increase or decrease in the
number of steps and the change in blood pressure can be
understood intuitively. Further, through displaying of the
positive exercise effect appearing span SP-posi, it can be
easily grasped that the increase in the number of steps (past
effort) relates directly to the positive change in blood
pressure (i.e., drop in blood pressure). Therefore, one can
be motivated to carry out and continue the exercise. 1In
addition, through displaying of the negative exercise effect
appearing span SP-nega, it can also be easily grasped that the
decrease in the number of steps (past inactivity) relates
directly to the negative change in blood pressure (i.e., rise
in blood pressure). This has an effect of encouraging the user
to rethink and be reminded of the necessity to continue carrying
out the exercise.

[0092] The configuration of the embodiment described
above merely shows one specific example of the present

invention and is not intended to limit the scope of the present
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invention. The present invention may, without departing from
the technical idea thereof, employ various specific
configurations. In the above embodiment, a correlation
coefficient in linear regression has been used as the
correlation information between a cause index and an effect
index. However, a correlation between two indexes may be
assessed by other methods. For example, in the case where two
indexes X and Y lack a linear relationship, but are in a
relationship such that fitting with a non-linear equation is
possible, there can be a simplification into a linear problem
through conversion of one of the indexes to assess the
correlation coefficient of the two indexes in the same manner.
For example, a regression analysis method such logistic

regression can be suitably used.

Reference Signs List

[0093] 1 Causal network generation system 1
10 Time series data acquisition unit

11 Causal relationship evaluation unit

12 Causal relationship data output unit

6 Health management support system

60 Indicator recording unit

61 Data transmission unit

62 Data storing unit

63 Causal network generation unit

64 Data acquisition unit

65 Graph drawing unit
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Support message generation unit
Support message pattern storage unit
Drawing synthesis unit

Output unit

Device

Pedometer

Blood pressure meter

Online storage

Terminal

Cloud server

Terminal
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CLAIMS
[Claim 1]

A causal network generation system to generate a causal network representing a
causal relationship between a plurality of events that occur to a target, the causal network
generation system comprising:

a data acquisition unit that acquires time series data of each of a plurality of
indexes used for quantitatively describing the plurality of events;

a causal relationship evaluation unit that evaluates, for each pair of two different
indexes selected from the plurality of indexes, a causal relationship between the two
indexes; and

an output unit that outputs data describing a causal relationship for each pair of
the two indexes evaluated by the causal relationship evaluation unit,

the causal relationship evaluation unit assuming one of the two indexes as a cause
index and the other as an effect index, and calculating transfer entropy that is strength of
influence of a change in the cause index on a change in the effect index after a delay time
s while varying a value of the delay time s to evaluate maximum transfer entropy between
the cause index and the effect index and a delay time with which the transfer entropy
between the cause index and the effect index becomes maximum, and

the causal relationship output from the output unit includes information of the
delay time with which the transfer entropy between the cause index and the effect index
becomes maximum and information of a maximum transfer entropy between the cause

mndex and the effect index.

[Claim 2]

The causal network generation system according to claim 1,

wherein the causal relationship evaluation unit evaluates the transfer entropy
between the cause index and the effect index for n delay times from first to n-th (where n
1s an integer greater than or equal to 2), and

the causal relationship output from the ocutput unit includes information of n
delay times from first to n-th and information of n transfer entropy corresponding to the

respective first to n-th delay times.

[Claim 3]

A causal network generation system to generate a causal network representing a
causal relationship between a plurality of events that occur to a target, the causal network
generation system comprising;
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a data acquisition unit that acquires time series data of each of a plurality of
indexes used for quantitatively describing the plurality of events;

a causal relationship evaluation unit that evaluates, for each pair of two different
indexes selected from the plurality of indexes, a causal relationship between the two
indexes; and

an output unit that outputs data describing a causal relationship for each pair of
the two indexes evaluated by the causal relationship evaluation unit,

the causal relationship evaluation unit assuming one of the two indexes as a cause
index and the other as an effect index, and calculating transfer entropy that is strength of
influence of a change in the cause index on a change in the effect index after a delay time
s while varying a value of the delay time s to evaluate the transfer entropy between the
cause index and the effect index for n delay times from first to n-th (where n is an integer
greater than or equal to 2),

wherein the causal relationship output from the output unit includes information
of n delay times from first to n-th and information of n transfer entropy corresponding to

the respective first to n-th delay times.

[Claim 4]

The causal network generation system according to any one of claims | to 3,

wherein the causal relationship evaluation unit calculates a correlation
coefficient between a value of the cause index and a value of the effect index after the
delay time, and

the causal relationship output from the output unit includes information of the
correlation coefficient.

[Claim 5]

A causal network generation system to generate a causal network representing a
causal relationship between a plurality of events that occur to a target, the causal network
generation system comprising:

a data acquisition unit that acquires time series data of each of a plurality of
indexes used for quantitatively describing the plurality of events;

a causal relationship evaluation unit that evaluates, for each pair of two different
indexes selected from the plurality of indexes, a causal relationship between the two
indexes; and

an output unit that outputs data describing a causal relationship for each pair of
the two indexes evaluated by the causal relationship evaluation unit,



46

the causal relationship evaluation unit assuming one of the two indexes as a cause
index and the other as an effect index, calculating transfer entropy that is strength of
influence of a change in the cause index on a change in the effect index after a delay time
s while varying a value of the delay time s to evaluate the transfer entropy between the
cause index and the effect index and a delay time for propagation of an influence of the
cause index to the effect index, and calculating a correlation coefficient between a value
of the cause index and a value of the effect index after the delay time,

wherein the causal relationship output from the output unit includes information
of the correlation coefficient.
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CAUSAL NETWORK GENERATING SYSTEM AND CAUSAL RELATION DATA
STRUCTURE

ABSTRACT
A causal relationship i1s represented with a data

structure including target identification information for
identifying a target, index tdentification information of each
of Indexes to be used for quantitatively describing an event
that occurs to the target, and causal relationship information
for each pair of two indexes selected from the indexes. The
causal relationship information includes direction
information representing which one of the two indexes i1s a cause
index and which one is an effect index, strength information
representing a causal strength between the cause index and the
effect index, time information representing a delay time for
propagation of an influence of the cause Index to the effect
index, and correlation information representing a direction
of change In the effect iIndex with respect to an increase or

decrease in the cause index.

Fig. 4 accompanies the abstract.
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