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DESCRIPTION

TITLE: RISK MANAGEMENT DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to a risk management device, more specifically, relates
to a risk management device which has a function of calculating a risk amount from loss data

including a loss amount and loss occurrence frequency by a simple method.

BACKGROUND ART
[0002]

In general, company business may face various kinds of operational risks (simply
referred to as “risk™ hereinafter) such as an earthquake, system trouble, a clerical mistake and
fraud. Therefore, it 1s required to weigh the amount of a risk by using a risk weighing device
and take measures against the risk.

[0003]

A risk weighing device inputs therein fragmental information on an unknown risk
profile in a company, and weighs a feature value (e.g., a 99.9% value at risk (VaR)) of the risk
profile in the company from the input data. Data inputted into the risk weighing device
generally includes internal loss data and scenario data. Internal loss data is data on a loss event

having actually occurred in the company. Internal loss data shows the contents of events and
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the loss amounts brought by the respective events. However, it is difficult to obtain a
necessary and sufficient number of internal loss data with respect to all event contents.
Therefore, with respect to the content of an event which has rarely occurred and the content of
an event which has not occurred yet, the values of the occurrence frequency and loss amount
thereof are estimated as scenario data and utilized to weigh a risk amount. Hereinafter, internal
loss data and scenario data will be collectively referred to as loss data.

[0004]

A general risk weighing device weighs a VaR by a method called loss distribution
approach (e.g., see Patent Document 1 and Non-Patent Document 1). To be specific, firstly, the
risk weighing device generates a loss frequency distribution from the number of internal loss
data, and so on, and generates a loss scale distribution from internal loss data, scenario data
and so on. Next, by Monte Carlo simulation, the risk weighing device repeatedly executes a
process of taking out the loss amounts of the number of losses caused by using the
abovementioned loss frequency distribution from the abovementioned loss scale distribution,
totaling the loss amounts and calculating a loss mount per holding period, ten-thousand or
hundred-thousand times, thereby generating a loss amount distribution. Then, the risk
weighing device calculates a VaR in a predetermined confidence interval from this generated
loss amount distribution.

[0005]
Patent Document 1: Japanese Patent Publication No. 4241083
[0006]

Non-Patent Document 1: Kobayashi, Shimizu, Nishiguchi, and Morinaga, “Operational Risk
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Management,” Kinzai Institute for Financial Affairs, Inc., issued on April 24, 2009, pp. 107-
144
[0007]

As mentioned above, a risk weighing device using loss distribution approach
generates a frequency distribution and a scale distribution, calculates the total amount of loss
occurring per holding period by using the frequency distribution and the scale distribution by
Monte Carlo simulation, and finding a VaR. Thus, there is a problem that computation load is
heavy though the accuracy is high.

[0008]

In the field of risk analysis, beyond a situation that a highly accurate VaR is required,

there is also a case, such as component analysis, that it is desired to obtain a VaR in a short

time though the accuracy can be low somewhat.

SUMMARY
[0009]

Embodiments of the present invention provide a risk management device which
solves the abovementioned problem, namely, a problem that it is difficult to calculate an
approximate value of a VaR in a short time.

[0010]

In a first aspect, there is provided a risk management device comprising: a memory
for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower a% point (o 1s a
predetermined constant) in a cumulative distribution function of a probability distribution

with the loss occurrence frequency as a parameter; and a processor connected to the memory,
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wherein the processor is programmed to calculate multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data
and the loss amount included in the loss data, wherein: the memory is configured to store the
loss data as first scenario data, and also configured to store second scenario data each
obtained by changing at least one of the loss amount and the loss occurrence frequency in
each of the first scenario data; the processor is programmed to, in calculation of the
multiplication values, for each of the first and second scenario data, calculate a multiplication
value of the coefficient held in the coefficient table in association with the loss occurrence
frequency included in the scenario data and the loss amount included in the scenario data; and
the processor is further programmed to, for each combination of the first scenario data and
the second scenario data obtained by changing at least one of the loss amount and the loss
occurrence frequency in the first scenario data, calculate a difference value between the
multiplication value relating to the first scenario data and the multiplication value relating to
the second scenario data.
[0010a]

In a second aspect, there is provided a risk management device comprising: a memory
for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower % point (o is a
predetermined constant) in a cumulative distribution function of a probability distribution
with the loss occurrence frequency as a parameter; and a processor connected to the memory,
wherein the processor is programmed to calculate multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the

coefficient table in association with the loss occurrence frequency included in the loss data
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and the loss amount included in the loss data, wherein: the memory is configured to store the
loss data as first loss data, and also store a first risk amount weighed by a risk weighing
device based on the first loss data and second loss data each including a loss amount and loss
occurrence frequency; the processor is programmed to, in calculation of the multiplication
values, for each of the first and second loss data, calculate a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency
included in the loss data and the loss amount included in the loss data; and the processor is
further programmed to: calculate first and second approximate risk amounts obtained by
cumulating the calculated multiplication values for the first and second loss data,
respectively; calculate a ratio of the first risk amount to the first approximate risk amount as
an approximate ratio; calculate a value obtained by multiplying the second approximate risk
amount by the approximate ratio as a second risk amount; and calculate a difference between
the first risk amount and the second risk amount as a risk-amount change resulting from a
difference between the first loss data and the second loss data.
[0010b]

In a third aspect, there is provided a risk management device comprising: a memory
for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower a% point (¢ is a
predetermined constant) in a cumulative distribution function of a probability distribution
with the loss occurrence frequency as a parameter; and a processor connected to the memory,
wherein the processor is programmed to calculate multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data

and the loss amount included in the loss data, wherein: the memory is configured to store the
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loss data as first loss data, and also configured to store a first risk amount weighed by a
weighing device based on the first loss data, second loss data each including a loss amount
and loss occurrence frequency, and difference factor information between the first loss data
and the second loss data; the processor is programmed to, in calculation of the multiplication
values, for each of the first loss data and for each of interim loss data obtained by reflecting
only a change of the loss amount and the loss occurrence frequency due to a specific factor in
each of the second loss data on the first loss data, calculate a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency
included in the loss data and the loss amount included in the loss data; and the processor is
further programmed to: calculate a first approximate risk amount and an interim approximate
risk amount obtained by cumulating the calculated multiplication values for the first loss data
and for the interim loss data, respectively; calculate a ratio of the first risk amount to the first
approximate risk amount as an approximate ratio; calculate a value obtained by multiplying
the interim approximate risk amount by the approximate ratio as an interim risk amount; and
calculate a difference between the first risk amount and the interim risk amount as a risk-
amount change resulting from the specific factor between the first loss data and the second
loss data.

[0011]

In a fourth aspect, there is provided a risk management method executed by a risk
management device which includes a memory for storing loss data each including a loss
amount and loss occurrence frequency and a coefficient table holding a coefficient in
association with the loss occurrence frequency, the coefficient being equal to a value of an
occurrence number at a lower 0% point (o is a predetermined constant) in a cumulative
distribution function of a probability distribution with the loss occurrence frequency as a

parameter, and which includes a processor connected to the memory, the risk management



5

method comprising: by the processor, calculating multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data
and the loss amount included in the loss data; by the memory, storing the loss data as first
scenario data, and also storing second scenario data each obtained by changing at least one of
the loss amount and the loss occurrence frequency in each of the first scenario data; and by
the processor: in calculation of the multiplication values, for each of the first and second
scenario data, calculating a multiplication value of the coefficient held in the coefficient table
in association with the loss occurrence frequency included in the scenario data and the loss
amount included in the scenario data; and for each combination of the first scenario data and
the second scenario data obtained by changing at least one of the loss amount and the loss
occurrence frequency in the first scenario data, calculating a difference value between the
multiplication value relating to the first scenario data and the multiplication value relating to
the second scenario data.

[0011a]

In a fifth aspect, there is provided a risk management method executed by a risk
management device which includes a memory for storing loss data each including a loss
amount and loss occurrence frequency and a coefficient table holding a coefficient in
association with the loss occurrence frequency, the coefficient being equal to a value of an
occurrence number at a lower 0% point (o is a predetermined constant) in a cumulative
distribution function of a probability distribution with the loss occurrence frequency as a
parameter, and which includes a processor connected to the memory, the risk management
method comprising: by the processor, calculating multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the

coefficient table in association with the loss occurrence frequency included in the loss data
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and the loss amount included in the loss data; by the memory, storing the loss data as first
loss data, and also storing a first risk amount weighed by a risk weighing device based on the
first loss data and second loss data each including a loss amount and loss occurrence
frequency; and by the processor: in calculation of the multiplication values, for each of the
first and second loss data, calculating a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data
and the loss amount included in the loss data; calculating first and second approximate risk
amounts obtained by cumulating the calculated multiplication values for the first and second
loss data, respectively; calculating a ratio of the first risk amount to the first approximate risk
amount as an approximate ratio; calculating a value obtained by multiplying the second
approximate risk amount by the approximate ratio as a second risk amount; and calculating a
difference between the first risk amount and the second risk amount as a risk-amount change
resulting from a difference between the first and second loss data.

[0011b]

In a sixth aspect, there is provided a risk management method executed by a risk
management device which includes a memory for storing loss data each including a loss
amount and loss occurrence frequency and a coefficient table holding a coefficient in
association with the loss occurrence frequency, the coefficient being equal to a value of an
occurrence number at a lower a% point (o is a predetermined constant) in a cumulative
distribution function of a probability distribution with the loss occurrence frequency as a
parameter, and which includes a processor connected to the memory, the risk management
method comprising: by the processor, calculating multiplication values, each of which is
calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data

and the loss amount included in the loss data by the memory, storing the loss data as first loss
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data, and also storing a first risk amount weighed by a weighing device based on the first loss
data, second loss data each including a loss amount and loss occurrence frequency, and
difference factor information between the first loss data and the second loss data; by the
processor: in calculation of the multiplication values, for each of the first loss data and for
each of interim loss data obtained by reflecting only a change of the loss amount and the loss
occurrence frequency due to a specific factor in each of the second loss data on the first loss
data, calculating a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data; calculating a first approximate risk amount and an interim
approximate risk amount obtained by cumulating the calculated multiplication values for the
first loss data and for the interim loss data, respectively; calculating a ratio of the first risk
amount to the first approximate risk amount as an approximate ratio; calculating a value
obtained by multiplying the interim approximate risk amount by the approximate ratio as an
interim risk amount; and calculating a difference between the first risk amount and the
interim risk amount as a risk-amount change resulting from the specific factor between the
first and second loss data.
[0012]

With the aspects described above, embodiments of the present invention enable rapid

calculation of an approximate value of a VaR.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

Fig. 1 is a block diagram of a risk management device according to a first exemplary
embodiment of the present invention;

Fig. 2 shows an example of the configuration of loss data used in the first exemplary
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embodiment of the present invention;

Fig. 3 shows an example of the configuration of a coefficient table used in the first
exemplary embodiment of the present invention;

Fig. 4 shows an example of the configuration of interim information used in the first
exemplary embodiment of the present invention;

Fig. 5 is a flowchart showing an example of processing in the first exemplary
embodiment of the present invention;

Fig. 6 is a block diagram of a risk management device according to a second
exemplary embodiment of the present invention;

Fig. 7 shows an example of the configuration of element-by-element loss data used in
the second exemplary embodiment of the present invention;

Fig. 8 shows an example of the configuration of interim information used in the
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second exemplary embodiment of the present invention;

Fig. 9 is a flowchart showing an example of processing in the second exemplary
embodiment of the present invention;

Fig. 10 is a block diagram of a risk management device according to a third
exemplary embodiment of the present invention;

Fig. 11 shows an example of the configuration of first scenario data used in the third
exemplary embodiment of the present invention;

Fig. 12 shows an example of the configuration of second scenario data used in the
third exemplary embodiment of the present invention;

Fig. 13 shows an example of the configuration of interim information used in the
third exemplary embodiment of the present invention;

Fig. 14 1s a flowchart showing an example of processing in the third exemplary
embodiment of the present invention;

Fig. 15 is a block diagram of a risk management device according to a fourth
exemplary embodiment of the present invention;

Fig. 16 shows an example of the configuration of first loss data used in the fourth
exemplary embodiment of the present invention;

Fig. 17 shows an example of the configuration of second loss data used in the fourth
exemplary embodiment of the present invention;

Fig. 18 shows an example of the configuration of interim information used in the
fourth exemplary embodiment of the present invention;

Fig. 19 is a flowchart showing an example of processing in the fourth exemplary
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embodiment of the present invention;

Fig. 20 is a block diagram of a risk management device according to a fifth
exemplary embodiment of the present invention;

Fig. 21 shows an example of the configuration of first loss data used in the fifth
exemplary embodiment of the present invention;

Fig. 22 shows an example of the configuration of second loss data used in the fifth
exemplary embodiment of the present invention;

Fig. 23 shows an example of the configuration of difference factor information used
in the fifth exemplary embodiment of the present invention;

Fig. 24 shows an example of the configuration of interim information used in the fifth
exemplary embodiment of the present invention; and

Fig. 25 is a flowchart showing an example of processing in the fifth exemplary

embodiment.

EXEMPLARY EMBODIMENTS
[0014]

Next, exemplary embodiments of the present invention will be described in detail
with reference to the drawings.
[First Exemplary Embodiment]|

With reference to Fig. 1, a risk management device 1 according to a first exemplary
embodiment of the present invention has a function of approximating a VaR based on loss

data.



10

15

20

[0015]

This risk management device 1 has, as major function units, a communication
interface unit (referred to as a communication I/F unit hereinafter) 11, an operation inputting
unit 12, a screen displaying unit 13, a storing unit 14, and a processor 15.

[0016]

The communication I/F unit 11 is formed by a dedicated data communication circuit,
and has a function of performing data communication with various kinds of devices (not
shown in the drawings) connected via a communication line (not shown in the drawings).
[0017]

The operation inputting unit 12 is formed by an operation input device such as a
keyboard and a mouse, and has a function of detecting an operation by an operator and
outputting to the processor 15.

{0018]

The screen displaying unit 13 is formed by a screen display device such as an LCD
and a PDP, and has a function of displaying various kinds of information such as an operation
menu and a calculation result on a screen in accordance with instructions from the processor
15.

[0019]

The storing unit 14 is formed by a storage device such as a hard disk and a
semiconductor memory, and has a function of storing processing information necessary for
various kinds of processing by the processor 15 and a program 14P. The program 14P, which is

a program loaded into the processor 15 and executed to realize various kinds of processing
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units, is previously loaded from an external device (not shown) or a computer-readable storage
medium (not shown) via a data input/output function such as the communication I/F unit 11,
and is stored into the storing unit 14. Major processing information stored by the storing unit
14 includes loss data 14A, a coefficient table 14B, and interim information 14C.

(00201

The loss data 14A is data including a loss amount and loss occurrence frequency. Fig.
2 shows an example of the configuration of the loss data 14A. The loss data 14A of this
example is composed of n loss data 14A1 to 14An in total. Each loss data has an identifier (an
ID) for uniquely identifying the loss data, a loss amount b, and loss occurrence frequency A.
The loss data 14A correspond one-to-one to internal loss data and scenario data that are inputs
into a risk weighing device as the target of approximation. For example, loss data
corresponding to internal loss data “loss amount = 2 million yen, observation period = 5
years” has a content that a loss amount is 2 million yen and loss occurrence frequency is 0.2,
Moreover, loss data corresponding to scenario data “mean loss amount = 10 million yen, loss
occurrence frequency = 0.17 has a content that a loss amount is 10 million yen and loss
occurrence frequency is 0.1.

[0021]

The coefficient table 14B is a table which holds, in association with loss occurrence
frequency, a coefficient equal to the value of the number of occurrences at a lower a% point in
a cumulative distribution function of a probability distribution with the loss occurrence
frequency as a parameter. The abovementioned “o” is determined in accordance with a

confidence interval of a VaR weighed by a risk weighing device as the target of approximation.
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For example, in a case that a risk weighing device as the target of approximation weighs a
99.9% VaR, o is set to 99.9. Moreover, the abovementioned probability distribution is the
same as a probability distribution used for prediction of a frequency distribution in a general
risk weighing device. For example, in a general risk weighing device, when a Poisson
distribution is used, the abovementioned probability distribution is a Poisson distribution.
Because a cumulative distribution function of a Poisson distribution is discontinuous, it is
desirable to extend the factorial of integers to the factorial of real numbers by using a gamma
function, smooth a cumulative distribution function of a Poisson distribution, and then obtain a
coefficient equal to the value of the number of occurrences at a lower 0% point.

[0022]

Fig. 3 shows an example of the configuration of the coefficient table 14B. Although
the coefficient table 14 of this example includes loss occurrence frequency of two types,
namely, every how many years a loss occurs once and how many times a loss occurs in one
year, a coefficient table may include only one of the types and the other can be omitted as far
as the type of loss occurrence frequency in loss data is uniform. Moreover, although the
coefficient table of this example includes coefficients corresponding to loss occurrence
frequency of two types, namely, without smooth and with smooth, a coefficient table may
include only one of the types. For example, when without-smooth coefficients are not used, it
is sufficient to table only with-smooth coefficients.

[0023]
The interim information 14C is interim data or final data generated in the process of

operation by the processor 15. Fig. 4 shows an example of the configuration of the interim
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information 14C. The interim information 14C of this example has individual data VaR
amounts 14C1 to 14Cn corresponding one-to-one to the loss data 14Al1 to 14An, and a
cumulative value 14Cm that is the sum of the individual data VaR amounts 14C1 to 14Cn.
[0024]

The processor 15 has a microprocessor such as a CPU and a peripheral circuit thereof,
and has a function of loading the program 14P from the storing unit 14 and executing to make
the hardware and the program 14P work in cooperation and realize various kinds of processing
units. Major processing units realized by the processor 15 are an input storing unit 15A, an
individual data VaR amount calculating unit 15B, a cumulating unit 15C, and an outputting
unit 15D.

[0025]

The mput storing unit 15A has a function of inputting the loss data 14A and the
coefficient table 14B from the communication I/F unit 11 or the operation inputting unit 12
and storing into the storing unit 14.

[0026]

The individual data VaR amount calculating unit 15B has a function of loading the
loss data 14A and the coefficient table 14B from the storing unit 14 and, for each loss data
14Ai, calculating the value of multiplication of a coefficient held in the coefficient table 14B
in association with loss occurrence frequency At included in the loss data and a loss amount bi
included in the loss data, and storing as an individual data VaR amount 14Ci into the storing
unit 14.

[0027]
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The cumulating unit 15C has a function of loading all the individual data VaR
amounts 14Ci from the storing unit 14, calculating the sum thereof, and storing the calculation
result as a cumulative value 14Cm into the storing unit 14.

[0028]

The outputting unit 15D has a function of loading the cumulative value 14Cm from
the storing unit 14, and outputting as an approximate value of a risk amount to the screen
displaying unit 13, or to the outside via the communication I/F unit 11.

[0029]

Next, with reference to Fig. 5, the operation of the risk management device 1
according to this exemplary embodiment will be described.
[0030]

First, the input storing unit 15A inputs the loss data 14A and the coefficient table 14B
from the communication I/F unit 11 or the operation inputting unit 12 and stores into the
storing unit 14 (step S1).

[0031]

Next, the individual data VaR amount calculating unit 15B, for each loss data
included in the loss data 14A, multiplies a coefficient held in the coefficient table 14B in
association with loss occurrence frequency included in the loss data and a loss amount
mcluded in the loss data, and stores the calculation result as an individual data VaR amount
corresponding to the loss data into the storing unit 14 (step S2).

[0032]

Next, the cumulating unit 15D stores a value obtained by adding all the individual
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data VaR amounts 14Ci as the cumulative value 14Cm into the storing unit 14 (step S3).
[0033]

Next, the outputting unit 15D outputs the cumulative value 14Cm as an approximate
value of a risk amount to the screen displaying unit 13, or to the outside via the
communication I/F unit 11 (step S4).

[0034]

Next, it will be described why a VaR calculated in this exemplary embodiment 1s an
approximate value of a VaR weighed by a risk weighing device as the target of approximation
based on the loss data 14A.

[0035]

First, data inputted into a risk weighing device is the set of information each
including a ternary of the content of a risk loss event, the amount of loss, and the mean value
of the frequency that the amount of loss occurs from the content during a holding period: for
example, (Tokai earthquake 1, 1 million yen, 0.03), (Tokai earthquake 2, 10 million yen, 0.06),
(bank transfer scam, 0.5 million yen, 0.65). Although information like a mean event interval (a
holding period / the mean value of frequency) may be included instead of the mean value of
frequency, it is assumed herein that the abovementioned ternary is included because the
following discussion will be established as it is. Moreover, although an event content of Tokai
earthquake 1s separated into ““Tokai earthquake 1” and “Tokai earthquake 2” based on a
difference of loss amounts for the sake of convenience of the following description, the
following discussion will be established as it is without this separation for the sake of

convenience. For the sake of ease of description, a “risk loss event” will be written as a “loss
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event” hereinafter. Input data regarding an event content 1 will be written as (I,Si,Fi). Si
denotes a loss amount, and Fi denotes the mean value of frequency.
{0036]

The risk weighing device estimates a probability distribution of loss occurrences due
to risk during a holding period so that it fits to input data as much as possible based on some
assumptions, calculates a VaR or the like as a feature amount from a probability distribution of
total loss amounts during a holding period specifically, and outputs. That is to say, denoting a
loss amount during a holding period due to a loss event content 1 by Li, and denoting a total
loss amount by L, an econometric model estimates a joint distribution P(L1, ..., Ln) of L1, ...,
Ln, calculates a probability distribution P(L) of the total loss amount L=L1+,,+Ln based
thereon, and outputs a VaR[L] or the like as a feature amount thereof. Herein, the kinds of loss
events are expressed as 1, ..., n (i.e., n kinds in total). The above description is about the
principle of a risk weighing device and, in actual implementation, it is designed to obtain the
same result while saving a calculation amount and a storage amount by configuring P(L.1, ...,
Ln) and P(L) as implicitly as possible.

[0037]

A difference of risk weighing devices depends on what assumptions they estimate
based on or from what viewpoints they make fit to input data. It is possible to set any odd
assumptions or viewpoints for fitting, but, when a frequency distribution and a scale
distribution are estimated by a widely used method such as the method of moments, maximum
likelihood estimation and the Bayesian method, a mean value E[Li] of loss mounts during a

holding period with respect to a loss event content 1 becomes close to a mean value SixFi
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obtained directly from the loss amount and mean frequency of input data (specifically, in the
case of the method of moments, they coincide). Hereinafter, a risk weighing device as the
target of approximation shall have this feature. In this case, due to the additivity of mean
values, a mean value E[L] of total loss amounts L also becomes a value close to a mean value
S1xF1+, ..., +SnxFn obtained directly from the loss amounts and mean frequency of input
data. To be specific, a ratio E[Li}/E[L] of the mean value of a loss amount resulting from a
specific event to the mean value of total loss amounts also becomes close to a ratio
SixFi/(S1xF1, ..., +SnxFn) obtained directly from input data. Besides, a ratio E[Lil+, ...,
+Lmm]/E[L] of the mean value of a loss amount resulting from a specific event set [={il, ...,
im} to the mean value of total loss amounts also becomes close to a ratio (SilxFil+, ...,
+SimxFim)/(S1xF1+, ..., +SnxFn) obtained directly from input data. Averagely, in a risk
weighing device as the target of approximation, the ratio of a loss amount resulting from a
specific event set to a total loss amount becomes close to that obtained directly from input
data.

[0038]

A method for calculating a VaR according to this exemplary embodiment will be
described from the above viewpoint. By the method for calculating a VaR according to this
exemplary embodiment, the same value is calculated as that obtained by:

assuming that:

- the number of occurrences during a holding period of each loss event follows a frequency

distribution of a kind used in a general risk weighing device;

- the correlation of the abovementioned number of occurrences between loss events is |
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(precisely, a copula of a joint distribution thereof is a uniform distribution on the diagonal);
and
- a loss amount caused by one loss in each loss event becomes Si written in input data,

fitting P(L1, ..., Ln) so that a mean value E[Li] of loss amounts during a holding
period with respect to a loss event content i becomes equal to a mean value SixFi obtained
directly from the loss amount and mean frequency of input data, calculating P(L) by using it,
and outputting VaR[L].

[0039]

At this moment, due to the additivity of mean values, a mean value E[L] of total loss
amounts L. by the method for calculating a VaR according to this exemplary embodiment
becomes equal to a mean value S1xF1,+ ..., +SnxFn obtained directly from the loss amount
and mean frequency of input data. To be specific, a ratio E[Li[/E[L] of the mean value of a

loss amount resulting from a specific event to the mean value of total loss amounts is also

equal to a ratio SixF1/(SIxF1, ..., +SnxFn) obtained directly from input data. Besides, a ratio
E[Lil+, ..., +Lim}/E[L] of the mean value of a loss amount resulting from a specific event set
I={il, ..., im} to the mean value of total loss amounts is also equal to a ratio (SilxFil+, ...,

+SimxFim)/(SIxF1+, ..., +SnxFn) obtained directly from input data. Averagely, in the method
for calculating a VaR according to this exemplary embodiment, the ratio of a loss amount
resulting from a specific event set to a total loss amount becomes equal to a ratio obtained
directly from input data.

[0040]

Owing to the abovementioned feature, namely, a feature such that, values obtained
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directly from input data are close to the value of E[L], close to the value of the ratio
E[Li}/E[L] of the mean value of a loss amount corresponding to specific input data to the
mean value of total loss amounts, and close to the value of the ratio E[Lil+ ,,, +Lim}/E[L] of
the mean value of a loss amount corresponding to a specific input data group to the mean
value of total loss amounts, the method for calculating a VaR according to this exemplary
embodiment is approximate to that of a risk weighing device as the target of approximation.
[0041]

Further, in the VaR calculation method according to this exemplary embodiment, a
cumulative distribution function of a Poisson distribution is smoothed and then a coefficient
equal to the value of the number of occurrences at a lower a% point is obtained, but this is
merely smooth fitting of the above joint distribution P(L1, ..., Ln) that is a discrete step
function, and hence, the values of E[L], E[Li}/[L] and E[Lil+, ..., +Lim}/E[L] do not vary
largely. Consequently, owing to the feature that the mean ratio of a loss amount of a specific
input data group to a mean total loss amount 1s close, the individual data VaR amount in this
exemplary embodiment is approximate to that of a risk weighing device as the target of
approximation.

[0042]

Thus, according to this exemplary embodiment, it is possible to rapidly calculate an
approximate value of a VaR.
[0043]

[Second Exemplary Embodiment]

With reference to Fig. 6, a risk management device 2 according to a second
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exemplary embodiment of the present invention has a function of calculating, from a VaR of
each weighing unit weighed by a risk weighing device, a risk amount for each element
forming the weighing unit, by utilizing the function of approximating a VaR based on loss
data.

[0044]

The risk management device 2 has a communication I/F unit 21, an operation
inputting unit 22, a screen displaying unit 23, a storing unit 24, and a processor 25, as major
function units.

[0045]

The communication I/F unit 21, the operation inputting unit 22 and the screen
displaying unit 23 have the same functions as the communication I/F unit 11, the operation
inputting unit 12 and the screen displaying unit 13 shown in Fig. 1 in the first exemplary
embodiment.

[0046]

The storing unit 24 is formed by a storage device such as a hard disk and a
semiconductor memory, and has a function of storing processing information necessary for
various kinds of processing by the processor 25 and a program 24P. The program 24P, which is
a program loaded into the processor 25 and executed to realize various kinds of processing
units, is previously loaded from an external device (not shown) or a computer-readable storage
medium (not shown) via a data input/output function such as the communication I/F unit 21,
and is stored into the storing unit 24. Major processing information stored by the storing unit

24 includes element-by-element loss data 24A, a coefficient table 24B, interim information
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24C, and a weighing-unit risk amount 24D.
[0047]

The element-by-element loss data 24A is loss data for each element forming a
weighing unit that is a unit for weighing a risk amount by a risk weighing device. For example,
in a case that a risk weighing device using loss distribution approach predicts, for each unit
called an operation cell in which a plurality of operational divisions are gathered, a frequency
distribution and a scale distribution from input data relating to each operation cell, and
predicts the distribution of total loss amounts of each operation cell, an operation cell is one
weighing unit, and individual operational divisions configuring an operation cell are elements.
Fig. 7 shows an example of the configuration of the element-by-element loss data 24A. The
element-by-element loss data 24A of this example is divided for n elements in total from 1* to
n™. Individual element-by-element loss data 24A1 are composed of x loss data, y loss data, ...,
and z loss data, respectively. As well as the loss data 14A1 and the like described in the first
exemplary embodiment, each of loss data 24A11, 24A12, ..., 24A1x, 24A21, 24A22, ...,
24A2§, ..., 24Anl, 24An2, ..., 24Anz has an identifier (an ID) for uniquely identifying the
loss data, a loss amount b and loss occurrence frequency A.

[0048]

The coefficient table 24B is the same as the coefficient table 14B in the first

exemplary embodiment.
[0049]
The weighing-unit risk amount 24D is a risk amount of a weighing unit weighed by a

risk weighing device. For example, in a case that a risk weighing device calculates a 99.9%
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VaR amount in the distribution of total loss amounts for each unit called an operation cell, the
weighing-unit risk amount 24D represents a 99.9% VaR amount calculated for each operation
cell.

[0050]

The interim information 24C is interim data or final data generated in the process of
operation by the processor 25. Fig. 8 shows an example of the configuration of the interim
information 24C. The interim information 24C of this example has: an individual data VaR
amount 24C1 of an element 1, composed of individual data VaR amounts 24C11, 24C12, ...,
24C1x corresponding one-to-one to the loss data 24A11, 24A12, ..., 24A1x in loss data 24A1
of the element 2; an mdividual data VaR amount 24C2 of an element 2, composed of
individual data VaR amounts 24C21, 24C22, ..., 24C2y corresponding one-to-one to the loss
data 24A21, 24A22, ..., 24A2y in loss data 24A2 of the element 2; ...; and an individual data
VaR amount 24Cn of an element n, composed of individual data VaR amounts 24Cnl, 24Cn2,
..., 24Cnz corresponding one-to-one to the loss data 24Anl, 24An2, ..., 24Anz in loss data
24An of the element n. Moreover, the interim information 24C has cumulative values 24Cml,
24Cm2, ..., 24Cmn each of which is the sum of individual data VaR amounts of each of the
elements, and a weighing-unit cumulative value 24Cmm that is the sum of the cumulative
values 24Cml, 24Cm2, ..., 24Cmn. Furthermore, the interim information 24C has risk
amounts 24Cgl, 24Cg2, ..., 24Cgn of each of the elements.

[0051]}
The processor 25 has a microprocessor such as a CPU and a peripheral circuit thereof,

and has a function of loading the program 24P from the storing unit 24 and executing to make
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the hardware and the program 24P work in cooperation and realize various kinds of processing
units. Major processing units realized by the processor 25 are an input storing unit 25A, an
individual data VaR amount calculating unit 25B, a cumulating unit 25C, an outputting unit
25D, and an element-by-element risk amount calculating unit 25E.
[0052]

The input storing unit 25A has a function of inputting the element-by-element loss
data 24A, the coefficient table 24B and the weighing-unit risk amount 24D from the
communication I/F unit 21 or the operation inputting unit 22 and storing into the storing unit
24,

[0053]

The individual data VaR amount calculating unit 25B has a function of loading the
element-by-element loss data 24A and the coefficient table 24B from the storing unit 24 and,
for each element and each loss data, calculating the value of multiplication of a coefficient
held in the coefficient table 24B in association with loss occurrence frequency Ai included in
the loss data and a loss amount bi included in the loss data, and storing as an individual data
VaR amount into the storing unit 24.

[0054]

The cumulating unit 25C has a function of, for each element, loading all the
individual data VaR amounts from the storing unit 24, calculating the sum thereof, and storing
the calculation result as a cumulative value 24Cm1, 24Cm2, ..., 24Cmn into the storing unit
24. Moreover, the cumulating unit 25C has a function of calculating the sum of the cumulative

values 24Cml, 24Cm?2, ..., 24Cmn of the respective elements, and storing the calculation
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result as the weighing-unit cumulative value 24Cmm into the storing unit 24.
[0055]

The element-by-element risk amount calculating unit 25E has a function of: loading
the weighing-unit risk amount 24D, the cumulative values 24Cml, 24Cm2, ..., 24Cmn of the
individual data VaR amounts of the respective elements, and the cumulative value 24Cmm of
the individual data VaR amounts of the weighing unit from the storing unit 24; calculating, for
each element, a risk amount equivalent to the ratio of a cumulative value Cmi of individual
data VaR amounts of the element to the cumulative value 24Cmm of the individual data VaR
amounts of the weighing unit; and storing as element-by-element risk amounts 24Cgl, 24Cg2,
..., 24Cgn into the storing unit 24.

[0056]

The outputting unit 25D has a function of loading the element-by-element risk
amounts 24Cgl, 24Cg2, ..., 24Cgn from the storing unit 24, and outputting to the screen
displaying unit 23, or to the outside via the communication I/F unit 21.

[0057]

Next, with reference to Fig. 9, the operation of the risk management device 2
according to this exemplary embodiment will be described.
[0058]

First, the put storing unit 25A inputs the element-by-element loss data 24A, the
coefficient table 24B and the weighing-unit risk amount 24D from the communication I/F unit
21 or the operation inputting unit 22 and stores into the storing unit 24 (step S11).

[0059]
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Next, the individual data VaR amount calculating unit 25B, for each element and each
loss data, calculates the value of multiplication of a coefficient held in the coefficient table
24B in association with loss occurrence frequency Ai included in the loss data and a loss
amount bi included in the loss data, and stores as an individual data VaR amount into the
storing unit 24 (step S12).

[0060]

Next, the cumulating unit 25C cumulates all individual data VaR amounts for each
element, calculates the sum thereof, and stores the calculation result as the cumulative value
24Cm1 of the element 1, the cumulative value 24Cm2 of the element 2, ..., the cumulative
value 24Cmn of the element n, and the weighing-unit cumulative value 24Cmm, into the
storing unit 24 (step S13).

[0061]

Next, the element-by-element risk amount calculating unit 25E calculates, for each
element, a risk amount equivalent to the ratio of a cumulative value 24Cmi of individual data
VaR amounts of the element to the cumulative value 24Cmm of the individual data VaR
amounts of the weighing unit, in the weighing-unit risk amount 24D, and stores as the
element-by-element risk amounts 24Cgl, 24Cg2, ..., 24Cgn into the storing unit 24 (step
S14).

[0062]

Finally, the outputting unit 25D outputs the element-by-element risk amounts 24Cg1,

24Cg2, ..., 24Cgn to the screen displaying unit 23, or to the outside via the communication I/F

unit 21 (step S15).
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[0063]

Thus, according to this exemplary embodiment, it is possible to calculate, from a risk
amount of each weighing unit weighed by a risk weighing device, a risk amount of each of
elements configuring the weighing unit. Consequently, it is possible to easily execute
component analysis, which is analysis of the degree of a risk amount of each of operational
divisions configuring one operational cell. This is because, by obtaining the ratio of each
element to the whole, which is necessary to obtain a risk amount of each element from a risk
amount of the whole weighing unit, by approximation, it is possible to make the calculation
amount much less than in the case of obtaining the ratio by using a risk weighing device.
[0064]

[Third Exemplary Embodiment]

With reference to Fig. 10, a risk management device 3 according to a third exemplary
embodiment of the present invention has a function of determining scenario data with a high
expectation of effects of risk reduction measures by utilizing the function of approximating a
VaR based on loss data.

[0065]

The risk management device 3 has a communication I/F unit 31, an operation
inputting unit 32, a screen displaying unit 33, a storing unit 34, and a processor 35, as major
function units.

[0066]
The communication I/F unit 31, the operation inputting unit 32 and the screen

displaying unit 33 have the same functions as the communication I/F unit 11, the operation
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inputting unit 12 and the screen displaying unit 13 shown in Fig. 1 in the first exemplary
embodiment.
[0067]

The storing unit 34 is formed by a storage device such as a hard disk and a
semiconductor memory, and has a function of storing processing information necessary for
various kinds of processing by the processor 35 and a program 34P. The program 34P, which is
a program loaded into the processor 35 and executed to realize various kinds of processing
units, is previously loaded from an external device (not shown) or a computer-readable storage
medium (not shown) via a data input/output function such as the communication I/F unit 31,
and is stored into the storing unit 34. Major processing information stored by the storing unit
34 includes first scenario data 34E, second scenario data 34F, a coefficient table 34B, and
interim information 34C.

[0068]

The first scenario data 34E is composed of one or more scenario data that is the target
of examination of the expectation level of effects of risk reduction measures. Fig. 11 shows an
example of the configuration of the first scenario data 34E. The first scenario data 34E of this
example is composed of n scenario data 34E1 to 34En. Each scenario data 34Ei has an
identifier (an ID) for uniquely identifying the scenario data, a loss amount b, and loss
occurrence frequency h. The loss amount and the loss occurrence frequency are values
predicted with current risk reduction measures. That is to say, the loss amount and loss
occurrence frequency in scenario data are predicted based on the results of risk assessment and

internal control situation assessment executed on each scenario. The loss amount and loss
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occurrence frequency in the first scenario data are values predicted in consideration of current
risk reduction measures.
[0069]

The second scenario data 34F is composed of one or more scenario data
corresponding one-to-one to the scenario data in the first scenario data 34E. Fig. 12 shows an
example of the configuration of the second scenario data 34F. The second scenario data 34F of
this example is composed of n scenario data 34F1 to 34Fn corresponding one-to-one to the
first scenario data 34E1 to 34En. Each scenario data 34Fi has the identifier (the ID), loss
amount b and loss occurrence frequency A of first scenario data corresponding thereto. The
loss amount and loss occurrence frequency in the scenario data 34Fi shall be values predicted
assuming that risk assessment and internal control situation assessment on the scenario
achieve almost full score. Therefore, the lower the current assessment result of a scenario is,
the smaller the loss amount and loss occurrence frequency in the second scenario data are
likely to be than the loss amount and loss occurrence frequency in the corresponding first
scenario data in general. This is because it can be thought that, as risk reduction measures are
strengthened, the frequency of occurrence of loss is less and the amount of one loss is smaller
in general.

[0070]

The coefficient table 34B is the same as the coefficient table 14B in the first
exemplary embodiment.
[0071]

The mterim information 34C is interim data or final data generated in the process of
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operation by the processor 35. Fig. 13 shows an example of the configuration of the interim
information 34C. The interim information 34C of this example has: a first-scenario-data
individual data VaR amount 34C1 composed of first individual VaR amounts 34C11 to 34ClIn
corresponding one-to-one to the first scenario data 34E1 to 34En; a second-scenario-data
individual data VaR amount 34C2 composed of second individual VaR amounts 34C21 to
34C2n corresponding one-to-one to the second scenario data 34F1 to 34Fn; difference values
34C31 to 34C3n each of which is a difference value between the first individual data VaR
amount and the corresponding second individual data VaR amount; and a sort result 34C4 of
the difference values 34C31 to 34C3n. The first and second individual data VaR amounts and
the difference values are each provided with the identifier (ID) of the corresponding first
scenario data.

[0072]

The processor 35 has a microprocessor such as a CPU and a peripheral circuit thereof,
and has a function of loading the program 34P from the storing unit 34 and executing to make
the hardware and the program 34P work in cooperation and realize various kinds of processing
units. Major processing units realized by the processor 35 are an input storing unit 35A, an
individual data VaR amount calculating unit 35B, an outputting unit 35D, a difference
calculating unit 35F, and a sorting unit 35G.

[0073]

The input storing unit 35A has a function of inputting the first scenario data 34E, the

second scenario data 34F and the coefficient table 34B from the communication I/F unit 31 or

the operation inputting unit 32 and storing into the storing unit 34.
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[0074]

The individual data VaR amount calculating unit 35B has a function of loading the
first scenario data 34E, the second scenario data 34F and the coefficient table 34B from the
storing unit 34, calculating, for each of the first scenario data, the value of multiplication of a
coefficient held in the coefficient table 34B in association with loss occurrence frequency Ai
included in the scenario data and a loss amount bi included in the scenario data, and storing as
the first individual data VaR amounts 34C11 to 34Cln into the storing unit 34. Moreover, the
individual data VaR amount calculating unit 358 has a function of calculating, for each of the
second scenario data, the value of multiplication of a coefficient held in the coefficient table
34B in association with loss occurrence frequency M included in the scenario data and a loss
amount bi included in the scenario data, and storing as the second individual data VaR
amounts 34C21 to 34C2n into the storing unit 34.

[0075]

The difference calculating unit 35F has a function of loading the first individual data
VaR amounts 34C11 to 34C1n and the second individual data VaR amounts 34C21 to 34C2n
from the storing unit 34, calculating, for each combination of the corresponding first and
second individual data VaR amounts, an amount obtained by subtracting the second individual
data VaR amount from the first individual data VaR amount, and storing as the difference
values 34C1 to 34Cn into the storing unit 34.

[0076]
The sorting unit 35G has a function of loading the difference values 34C1 to 34Cn

from the storing unit 34, sorting in decreasing order of values, and storing the sort result 34C4
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into the storing unit 34.
[0077]

The outputting unit 35D has a function of: loading the sort result 34C4 from the
storing unit 34; and outputting the identifiers of the first scenario data added to difference
values of the top m values (m denotes a predetermined integer) or difference values of a
predetermined value or more and the difference values, as the identifiers of scenario data with
high expectation level of effects of risk reduction measures and reducible amounts, to the
screen displaying unit 33 or to the outside via the communication I/F unit 31.

[0078]

Next, with reference to Fig. 14, the operation of the risk management device 3
according to this exemplary embodiment will be described.
[0079]

First, the input storing unit 35A inputs the first scenario data 34E, the second scenario
data 34F and the coefficient table 34B from the communication I/F unit 31 or the operation
inputting unit 32 and storing into the storing unit 34 (step S21).

[0080]

Next, the individual data VaR amount calculating unit 35B calculates, for each of
scenario data included in the first scenario data 34Ei and the second scenario data 34Fi, a
coefficient held in the coefficient table 34B in association with loss occurrence frequency Ai
included in the scenario data and a loss amount bi included in the scenario data, and stores as a
first individual data VaR amount 34C11 and a second individual data VaR amount 34C2i into

the storing unit 34 (step S22).
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[0081]

Next, the difference calculating unit 35F calculates, for each combination of the
corresponding first and second individual data VaR amounts, a value obtained by subtracting
the second individual data VaR amount 34C2i from the first individual data VaR amount
34Cl11, and stores as a difference value 34Cmi into the storing unit 34 (step S23).

[0082]

Next, the sorting unit 35G sorts the difference values 34Cml to 34Cmn in decreasing
order of values, and stores the sort result 34C4 into the storing unit 34 (step S24)
[0083]

Finally, the outputting unit 35C outputs the identifiers of the first scenario data added
to difference values of the top m values (m denotes a predetermined integer) or difference
values of a predetermined amount or more in the sort result 34C4 and the difference values, as
the identifiers of scenario data with high expectation level of effects of risk reduction
measures and reducible amounts, to the screen displaying unit 33 or to the outside via the

commumication I/F unit 31 (step S25).

- [0084]

Thus, according to this exemplary embodiment, when at least one of the loss amount
and the loss occurrence frequency in scenario data is improved due to effects of risk reduction
measures, it is possible by examining the degree of a VaR amount to be reduced on the
scenario-data basis to easily execute a kind of component analysis, which is analysis of what
scenario is a scenario with high expectation level of effects of risk reduction measures. This is

because it is possible to obtain how a VaR amount changes when at least one of the loss
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therefore, it is possible to make the calculation amount much less than in the case of obtaining
the same by using a risk weighing device.

[0085]

{Fourth Exemplary Embodiment]

With reference to Fig. 15, a risk management device 4 according to a fourth
exemplary embodiment of the present invention has a function of calculating a change amount
of a VaR amount resulting from change of loss data by utilizing the function of approximating
a VaR based on loss data.

[0086]

The risk management device 4 has a communication I/F unit 41, an operation
inputting unit 42, a screen displaying unit 43, a storing unit 44, and a processor 45, as major
function units.

[0087]

The communication I/F unit 41, the operation inputting unit 42 and the screen
displaying unit 43 have the same functions as the communication I/F unit 11, the operation
inputting unit 12 and the screen displaying unit 13 shown in Fig. 1 in the first exemplary
embodiment.

[0088]

The storing unit 44 is formed by a storage device such as a hard disk and a

semiconductor memory, and has a function of storing processing information necessary for

various kinds of processing by the processor 45 and a program 44P. The program 44P, which is
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a program loaded into the processor 45 and executed to realize various kinds of processing
units, is previously loaded from an external device (not shown) or a computer-readable storage
medium (not shown) via a data input/output function such as the communication I/F unit 41,
and is stored into the storing unit 44. Major processing information stored by the storing unit
44 includes first loss data 44A, second loss data 44G, a first risk amount 44H, a coefficient
table 44B, and interim information 44C.

[0089]

As well as the loss data 14A shown in Fig. 1 in the first exemplary embodiment, the
first Joss data 44A is data including a loss amount and loss occurrence frequency. Fig. 16
shows an example of the configuration of the loss data 44A. The loss data 44A of this example
is composed of n loss data 44A1 to 44An in total. Each of the loss data has an identifier (an
ID) for uniquely identifying loss data, a loss amount b, and loss occurrence frequency A.
{0090]

As well as the first loss data 44A, the second loss data 44G is data including a loss
amount and loss occurrence frequency. Fig. 17 shows an example of the configuration of the
loss data 44G. As well as the first loss data 44A, the loss data 44G of this example is
composed of n loss data 44G1 to 44Gn in total, but it is not required that the numbers of data
are the same. Each of the loss data has an identifier (an ID) for uniquely identifying loss data,
a loss amount b, and loss occurrence frequency A.

[0091]
The first loss data 44A and the second loss data 44G may have any relation. For

example, the second loss data 44G may have loss data corresponding one-to-one to the first
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loss data 44 A and at least either the loss amounts or the loss occurrence frequencies of some of
the loss data may have different values from the loss amounts or the loss occurrence
frequencies of the corresponding second loss data. As such a case, it is possible to think of a
case that the loss amounts and loss occurrence frequencies of some of the loss data become
less than those in the previous period owing to strengthening of risk reduction measures.
Moreover, as another case, it is possible to think of a case that the loss amounts and loss
occurrence frequencies of some of the loss data change from those in the previous period due
to change of volatility of stock prices or change of operational environments such as change of
operation amounts.

[0092]

The first risk amount 44H is a risk amount, for example, a 99.9% VaR amount,
weighed by a risk weighing device as the target of approximation.
[0093]

The coefficient table 44B is the same as the coefficient table 14B in the first
exemplary embodiment.
[0094]

The interim information 44C is interim data or final data generated in the process of
operation by the processor 45. Fig. 18 shows an example of the configuration of the interim
information 44C. The interim information 44C of this example has: a first-loss-data individual
data VaR amount 44C1 composed of first individual data VaR amounts 44C11 to 44Cln
corresponding one-to-one to the first loss data 44A1 to 44An; a second-loss-data individual

VaR amount 44C2 composed of second individual data VaR amounts 44C21 to 44C2n
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corresponding one-to-one to the second loss data 44G1 to 44Gn; a first approximate risk
amount 44C3 that is the sum of the first individual data VaR amounts 44CI11 to 44Cln; a
second approximate risk mount 44C4 that is the sum of the second individual data VaR
amounts 44C21 to 44C2n; an approximate ratio 44C5 that is the ratio of the first risk amount
44H to the first approximate risk amount 44C3; a second risk amount 44C6 that is a value
obtained by multiplying the second approximate risk amount 44C by the approximate ratio
44C; and a risk-amount change 44C7 that is the difference between the first risk amount 44H
and the second risk amount 44C6.

[0095]

The processor 45 has a microprocessor such as a CPU and a peripheral circuit thereof,
and has a function of loading the program 44P from the storing unit 44 and executing to make
the hardware and the program 44P work in cooperation and realize various kinds of processing
units. Major processing units realized by the processor 45 are an input storing unit 45A, an
individual data VaR amount calculating unit 45B, a cumulating unit 45C, a ratio calculating
unit 45H, a second risk amount calculating unit 451, a difference calculating unit 45J, and an
outputting unit 45D.

[0096]

The input storing unit 45A has a function of inputting the first loss data 44A, the
second loss data 44G, the first risk amount 44H and the coefficient table 44B from the
communication I/F unit 41 or the operation inputting unit 42 and storing into the storing unit
44.

[0097]
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The individual data VaR amount calculating unit 45B has a function of: loading the
first loss data 44A, the second loss data 44G and the coefficient table 44B from the storing
unit 44; calculating, for each loss data 44Ai included in the first loss data 44 A, the value of
multiplication of a coefficient held in the coefficient table 44B in association with loss
occurrence frequency M included in the loss data and a loss amount bi included in the loss
data; and storing as the first individual data VaR amounts 44C11 to 44Cln into the storing unit
44. Moreover, the individual data VaR amount calculating unit 45B has a function of:
calculating, for each loss data included in the second loss data, the value of multiplication of a
coefficient held in the coefficient table 44B in association with loss occurrence frequency M
included in the loss data and a loss amount bi included in the loss data; and storing as the
second individual data VaR amounts 44C21 to 44C2n into the storing unit 44,

[0098]

The cumulating unit 45C has a function of loading the first individual data VaR
amounts 44C11 to 44ClIn from the storing unit 44, and storing the first approximate risk
amount 44C3 obtained by cumulating them into the storing unit 44. Moreover, the cumulating
unit 45C has a function of loading the second individual data VaR amounts 44C21 to 44C2n
from the storing unit 44, and storing the second approximate risk amount 44C4 obtained by
cumulating them into the storing unit 44,

[0099]

The ratio calculating unit 45H has a function of loading the first risk amount 44H and

the first approximate risk amount 44C3 from the storing unit 44, and storing a value obtained

by dividing the first risk amount 44H by the first approximate risk amount 44C3 as the
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approximate ratio 45C5 into the storing unit 44,
[0100]

The second risk amount calculating unit 451 has a function of loading the second
approximate risk amount 44C4 and the approximate ratio 44C5 from the storing unit 44, and
storing a value obtained by multiplying the second approximate risk amount 44C4 by the
approximate ratio 44C5 as the second risk amount 44C6 into the storing unit 44.

[0101]

The difference calculating unit 457 has a function of loading the first risk amount 44H
and the second risk amount 44C6 from the storing unit 44, and storing a value obtained by
subtracting the first risk amount 44H from the second risk amount 44C6 as the risk-amount
change 44C7 resulting from a difference between the first loss data 44A and the second loss
data 44G into the storing unit 44.

[0102]

The outputting unit 45D has a function of loading the risk-amount change 44C7 from
the storing unit 44, and outputting as a risk-amount change resulting from a difference
between the first loss data 44A and the second loss data 44G to the screen displaying unit 43,
or to the outside via the communication I/F unit 41.

[0103]

Next, with reference to Fig. 19, the operation of the risk management device 4
according to this exemplary embodiment will be described.
[0104]

First, the input storing unit 45A inputs the first loss data 44A, the second loss data
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44G, the first risk amount 44H and the coefficient table 44B from the communication I/F unit
41 or the operation inputting unit 42 and stores into the storing unit 44 (step S31).
[0105]

Next, the individual data VaR amount calculating unit 45B multiplies, for each loss
data included in the first loss data 44A and the second loss data 44G, a coefficient held in the
coefficient table in association with loss occurrence frequency included in the loss data and a
loss amount included in the loss data, and calculates the first individual VaR amounts 44C11 to
44C1n and the second individual data VaR amounts 44C21 to 44C2n (step S32).

[0106}

Next, the cumulating unit 45C calculates the first approximate risk amount 44C3 that
is the sum of the first individual data VaR amounts 44Cl11 to 44Cln, and the second
approximate risk amount 44C4 that is the sum of the second individual data VaR amounts
44C21 to 44C2n (step S33).

[0107]

Next, the ratio calculating unit 45H divides the first risk amount 44H by the first
approximate risk amount 44C3 to calculate the approximate ratio 44C5 (step S34).
[0108]

Next, the second risk amount calculating unit 451 multiplies the second approximate
risk amount 44C4 and the approximate ratio 44CS5 to calculate the second risk amount 44C6
(step S35).

[0109]

Next, the difference calculating unit 45] subtracts the first risk amount 44H from the
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second risk amount 44C6 to calculate the risk-amount change 44C7 (step S36).
[0110]

Finally, the outputting unit 45D outputs the risk-amount change 44C7 as a change in
risk amount resulting from the difference between the first loss data 44A and the second loss
data 44G to the screen displaying unit 43, or to the outside via the communication I/F unit 41
(step S37).

[0111]

Thus, according to this exemplary embodiment, when loss data changes from the first
loss data 44A to the second loss data 44G, it is possible to rapidly calculate the amount of
change in VaR amount resulting from the change of the loss data. This is because it is possible
to obtain a risk amount based on the second loss data by approximation and hence it is
possible to make the calculation amount much less than in the case of obtaining the risk
amount based on the second loss data by using a risk weighing device.

[0112]
[Fifth Exemplary Embodiment]

With reference to Fig. 20, a risk management device 5 according to a fifth exemplary
embodiment of the present invention has a function of analyzing the factor of change of a VaR
amount by utilizing the function of approximating a VaR based on loss data.

[0113]

The risk management device 5 has a communication I/F unit 51, an operation

inputting unit 52, a screen displaying unit 53, a storing unit 54, and a processor 55, as major

function units.
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[0114]

The communication I/F unit 51, the operation inputting unit 52 and the screen
displaying unit 53 have the same functions as the communication I/F unit 11, the operation
inputting unit 12 and the screen displaying unit 13 shown in Fig. 1 in the first exemplary
embodiment.

[0115]

The storing unit 54 is formed by a storage device such as a hard disk and a
semiconductor memory, and has a function of storing processing information necessary for
various kinds of processing by the processor 55 and a program 54P. The program 54P, which is
a program loaded into the processor 55 and executed to realize various kinds of processing
units, 1s previously loaded from an external device (not shown) or a computer-readable storage
medium (not shown) via a data input/output function such as the communication I/F unit 51,
and is stored into the storing unit 54. Major processing information stored by the storing unit
54 includes first loss data 54A, second loss data 54G, difference factor information 541, a first
risk amount 54H, a second risk amount 54J, a coefficient table 54B, and interim information
54C.

0116}

As well as the loss data 14A shown in Fig. | in the first exemplary embodiment, the
first loss data 54A is data including a loss amount and loss occurrence frequency. Fig. 21
shows an example of the configuration of the loss data 54A. The loss data 54A of this example
is composed of n loss data 54A1 to 54An in total. Each of the loss data has an identifier (an

ID) for uniquely identifying loss data, a loss amount b, and loss occurrence frequency A.
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[0117]

As well as the first loss data 54A, the second loss data 54G is data including a loss
amount and loss occurrence frequency. Fig. 22 shows an example of the configuration of the
loss data 54G. The loss data 54G of this example is composed of n loss data 54G1 to 54Gn in
total corresponding one-to-one to the first loss data 54A. Each of the loss data has the
identifier (an ID), loss amount b and loss occurrence frequency A of the corresponding first
loss data.

[0118]

The first loss data 54A and the second loss data 54G may have any relation. For
example, the first loss data 54A may be loss data used to weigh a risk amount in the previous
period, and the second loss data 54G may be loss data used to weigh a risk amount in the
current period. The first and second loss data may be loss data used not only in consecutive
periods but also in separate periods.

[0119]

The difference factor information 541 is information representing the factor of a
difference between the first loss data 54A and the second loss data 54G. Fig. 23 shows an
example of the configuration of the difference factor information 541. The difference factor
information 541 of this example shows the IDs of changed loss data and the contents of change
for each of two factors: change of risk reduction measures and change of operational
environments. For example, information on the first line represents that loss occurrence
frequency of loss data with 1D2 has changed from X12 to 222 due to the change of risk

reduction measures. Moreover, information on the second line represents that loss occurrence
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frequency of loss data with ID3 has changed from A13 to A23 due to the change of risk
reduction measures. Moreover, information on the third line represents that a loss amount of
loss data with ID1 has changed from b1l to b21 due to the change of operational environments.
Moreover, information on the fourth line represents that a loss amount of loss data with 1D2
has changed from b12 to b22 due to the change of operational environments,

[0120]

The first risk amount 54H is a risk amount, for example, a 99.9% VaR amount,
weighed by a risk weighing device as the target of approximation based on the first loss data
S4A. The second risk amount 54J is a risk amount, for example, a 99.9% VaR amount,
weighed by a risk weighing device as the target of approximation based on the second loss
data 54G. The first and second risk amounts are not limited to risk amounts directly weighed
by a risk weighing device, and may be risk amounts of a certain element (division) calculated
in accordance with the second exemplary embodiment of the present invention.

[0121]

The coefficient table 54B is the same as the coefficient table 14B in the first
exemplary embodiment.
[0122]

The interim information 54C is interim data or final data generated in the process of
operation by the processor 55. Fig. 24 shows an example of the configuration of the interim
information 54C. The interim information 54C of this example has: a first-loss-data individual
data VaR amount 54C1 composed of first individual data VaR amounts 54C11 to 54Cln

corresponding one-to-one to the first loss data 54A1 to 54An; a second-loss-data individual
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VaR amount 54C2 composed of second individual data VaR amounts 54C21 to 54C2n
corresponding one-to-one to the second loss data 54G1 to 54Gn; an interim individual data
VaR amount 54C3 composed of interim individual data VaR amounts 54C31 to 54C3n
corresponding one-to-one to first loss data after reflection of only a change of a loss amount
and loss occurrence frequency resulting from risk reduction measures in the second loss data
54G1 to 54Gn on the first loss data 54A1 to 54An; a first approximate risk amount 54C41 that
is the sum of the first individual data VaR amounts 54C11 to 54Cln; a second approximate
risk amount 54C42 that is the sum of the second individual data VaR amounts 54C21 to
54C2n; and an interim approximate amount 54C43 that is the sum of the interim individual
data VaR amounts 54C31 to 54C3n.

[0123]

Further, the interim information 54C has: an approximate ratio 54C5 that is the ratio
of the first risk amount 54H to the first approximate risk amount 54C41; a first interim risk
amount 54C61 that is a value obtained by multiplying the interim approximate risk amount
54C43 by the approximate ratio 54CS5; a second interim risk amount 54C62 that is a value
obtained by multiplying the second approximate risk amount 54C42 by the approximate ratio
54CS; a risk-amount change 54C71 resulting from risk reductions measures, which is a risk
amount obtained by subtracting the first risk amount 54H from the first interim risk amount
54C61; a risk-amount change 54C72 resulting from change of operational environments,
which is a risk amount obtained by subtracting the first interim risk amount 54C61 from the
second interim risk amount 54C62; and a risk-amount change 54C73 resulting from an

econometric model, which is a risk amount obtained by subtracting the second interim risk
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amount 54C62 from the second risk amount 54J.
[0124]

The processor 55 has a microprocessor such as a CPU and a peripheral circuit thereof,
and has a function of loading the program 54P from the storing unit 54 and executing to make
the hardware and the program 54P work in cooperation and realize various kinds of processing
units. Major processing units realized by the processor S5 are an input storing unit 55A, an
individual data VaR amount calculating unit 55B, a cumulating unit 55C, a ratio calculating
unit 55H, an interim risk amount calculating unit 551, a difference calculating unit 557, and an
outputting unit 55D.

[0125]

The input storing unit 55A has a function of inputting the first loss data 54A, the
second loss data 54G, the difference factor information 541, the first risk amount 54H, the
second risk amount 54] and the coefficient table 54B from the communication I/F unit 51 or
the operation inputting unit 52 and storing into the storing unit 54.

[0126]

The individual data VaR amount calculating unit 55B has a function of: loading the
first loss data 54A, the second loss data 54G, the difference factor information 541 and the
coefficient table 54B from the storing unit 54; calculating, for each loss data 54Ai included in
the loss data 54A, the value of multiplication of a coefficient held in the coefficient table 54B
in association with loss occurrence frequency Ai included in the loss data and a Joss amount bi
included in the loss data; and storing as the first individual data VaR amounts 54C11 to 54Cln

into the storing unit 54. Moreover, the individual data VaR amount calculating unit 55B has a
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function of: calculating, for each loss data included in the second loss data, the value of
multiplication of a coefficient held in the coefficient table 54B in association with loss
occurrence frequency Al included in the loss data and a loss amount bi included in the loss
data; and storing as the second individual data VaR amounts 54C21 to 54C2n into the storing
unit 54.
[0127]

Further, the individual data VaR amount calculating unit 55B has a function of
generating first loss data after reflection of only a change in loss amount and loss occurrence
frequency resulting from risk reduction measures in the second loss data 54G1 to 54Gn on the
first loss data 54A1 to 54An. For example, in a case that the difference factor information 541
is as shown in Fig. 23, the individual VaR amount calculating unit 55B changes loss
occurrence frequency in the first loss data 54A2 from 12 to 222, and changes loss occurrence
frequency in the first loss data 54A3 from A13 to A23. Moreover, the individual data VaR
amount calculating unit 55B calculates, for each of the thus changed first loss data, the value
of multiplication of a coefficient held in the coefficient table 54B in association with loss
occurrence frequency included in the loss data and a loss amount bi included in the loss data,
and storing as the interim individual data VaR amounts 54C31 to 54C3n into the storing unit
54.

[0128]

The cumulating unit 55C has a function of loading the first individual data VaR

amounts 54C11 to 54Cln from the storing unit 54 and storing the first approximate risk

amount 54C41 obtained by cumulating them into the storing unit 54. Moreover, the
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cumulating unit 55C has a function of loading the second individual data VaR amounts 54C21
to 54C2n from the storing unit 54, and storing the second approximate risk amount 54C42
obtained by cumulating them into the storing unit 54. Moreover, the cumulating unit 55C has a
function of loading the interim individual data VaR amounts 54C31 to 54C3n from the storing
unit 54, and storing the interim approximate risk amount 54C43 obtained by cumulating them
into the storing unit 54.

[0129]

The ratio calculating unit 55H has a function of loading the first risk amount 54H and
the first approximate risk amount 54C41 from the storing unit 54, and storing a value obtained
by dividing the first risk amount 54H by the first approximate risk amount 54C41 as the
approximate ratio 54C5 into the storing unit 54.

[0130]

The interim risk amount calculating unit 551 has a function of: loading the interim
approximate risk amount 54C43, the second approximate risk amount 54C42 and the
approximate ratio 54C5 from the storing unit 54; calculating a value obtained by multiplying
the interim approximate risk amount 54C43 by the approximate ratio 54C5 as the first interim
risk amount 54C61 and also calculating a value obtained by multiplying the second
approximate risk amount 54C42 by the approximate ratio 54C5 as the second interim risk
amount 54C62; and storing into the storing unit 54.

[0131]
The difference calculating unit 55J has a function of: loading the first risk amount

54H, the second risk amount 54, the first interim risk amount 54C61 and the second interim
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risk amount 54C62 from the storing unit 54; calculating a value obtained by subtracting the
first risk amount 54H from the first interim risk amount 54C61 as the risk-amount change
54C71 resulting from risk reduction measures and also calculating a risk amount obtained by
subtracting the first interim risk amount 54C61 from the second interim risk amount 54C62 as
the risk-amount change 54C72 resulting from change in operational environments; and storing
into the storing unit 54. Moreover, the difference calculating unit 55J may have a function of
calculating a risk amount obtained by subtracting the second interim risk amount 54C62 from
the second risk amount 547 as the risk-amount change 54C73 resulting from an econometric
model, and storing into the storing unit 54.

[0132]

The outputting unit 55D has a function of loading the risk-amount change 54C71
resulting from risk reduction measures and the risk-amount change 54C72 resulting from
change in operational environments from the storing unit 54, and outputting to the screen
displaying unit 53, or to the outside via the communication I/F unit 51. Moreover, the
outputting unit 55D may have a function of loading the risk-amount change 54C73 resulting
from an econometric model from the storing unit 54, and outputting to the screen displaying
unit 53, or to the outside via the communication I/F unit 51.

[0133]

Next, with reference to Fig. 25, the operation of the risk management device S
according to this exemplary embodiment will be described.
[0134]

First, the input storing unit 55A inputs the first loss data 54A, the second loss data
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54G, the difference factor information 541, the first risk amount 54H and the second risk
amount 54] from the communication I/F unit 51 or the operation inputting unit 52 and stores
into the storing unit 54 (step S41).

[0135]

Next, for each loss data 54Ai included in the first loss data 54A, for each loss data
54Gi included in the second loss data 54G, and for each first loss data after reflection of only a
change n loss amount and loss occurrence frequency resulting from risk reduction measures
in the second loss data 54G1 to 54Gn on the first loss data 34A1 to 54An, the individual data
VaR amount calculating unit 55B calculates the value of multiplication of a coefficient held in
the coefficient table 54B in association with loss occurrence frequency Al included in the loss
data and a loss amount bi included in the loss data, as the first individual data VaR amounts
54C11 to 54Cln, the second individual data VaR amounts 54C21 to 54C2n, and the interim
individual data VaR amounts 54C31 to 54C3n (step S42).

[0136]

Next, the cumulating unit 55C calculates a cumulative value of the first individual
data VaR amounts 54C11 to 54Cln, a cumulative value of the second individual data VaR
amounts 54C21 to 54C2n and a cumulative value of the interim individual data VaR amounts
54C31 to 54C3n, as the first approximate risk amount 54C41, the second approximate risk
amount 54C42 and the interim approximate risk amount 54C43, respectively (step S43).
[0137]

Next, the ratio calculating unit 55H calculates a value obtained by dividing the first

risk amount 54H by the first approximate risk amount 54C41 as the approximate ratio 54C5
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(step S44). Although the first risk amount 54H and the first approximate risk amount 54C41
are risk amounts based on the same first loss data 54A, the first risk amount 54H is based on a
risk amount weighed by a risk weighing device as the target of approximation, whereas the
first approximate risk amount 54C41 is calculated by approximation using the coefficient table
54B. That is to say, econometric models are different, and therefore, they do not agree
completely. The approximate ratio 54C5 has a role as a correction rate for making a risk
amount obtained by approximation fit to a risk amount weighed by a risk weighing device.
[0138]

Next, the interim risk amount calculating unit 551 calculates a value obtained by
multiplying the interim approximate risk amount 54C43 by the approximate ratio 54CS5 and a
value obtained by multiplying the second approximate risk amount 54C42 by the approximate
ratio 54C3, as the first interim risk amount 54C61 and the second interim risk amount 54C62,
respectively (step S45). The first interim risk amount 54C61 is the result of correcting, by
using the approximate ratio 54C5, the interim approximate risk amount 54C43 based on loss
data obtained by reflecting only a change resulting from risk reduction measures on the first
loss data 54A, and therefore, becomes an approximate value of a risk amount weighed by a
risk weighing device based on loss data obtained by reflecting only a change resulting from
risk reduction measures on the first loss data 54A. The second interim risk amount 54C62 is
the result of correcting, by using the approximate ratio 54C5, the second approximate risk
amount 54C42 based on the second loss data 54G, and therefore, becomes an approximate
value of a risk amount weighed by a risk weighing device based on the second loss data 54G.

[0139]
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Next, the difference calculating unit 55J calculates a risk amount as a result of
subtracting the first risk amount 54H from the first interim risk amount 54C61 and a risk
amount as a result of subtracting the first interim risk amount 54C61 from the second interim
risk amount 54C62, as the risk-amount change S4C71 resulting from risk reduction measures
and the risk-amount change 54C72 resulting from change in operational environments,
respectively (step S46). At this moment, the difference calculating unit 55J may calculate a
risk amount as a result of subtracting the second interim risk amount 54C62 from the second
risk amount 547 as the risk-amount change 54C73 resulting from an econometric model.
[0140]

Finally, the outputting unit 55D outputs the risk-amount change 54C71 resulting from
risk reduction measures and the risk-amount change 54C72 resulting from change in
operational environments to the screen displaying unit 53, or to the outside via the
communication I/F unit 51 (step S47). At this moment, the outputting unit 55D may output the
risk-amount change 54C73 resulting from an econometric model to the screen displaying unit
53, or to the outside via the communication I/F unit 51 (step S47).

[0141]

Thus, according to this exemplary embodiment, it is possible, by utilizing the
function of approximating a VaR based on loss data, to analyze the factor of change of a VaR
amount with a small amount of calculation. This is because it is possible by approximation to
obtain a risk amount based on interim loss data as a result of reflecting only a change in loss
amount and loss occurrence frequency due to a specific factor on first loss data, and therefore,

it 1s possible to make the amount of calculation much less than in the case of performing the
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same calculation by using a risk weighing device.
[0142]

In this exemplary embodiment, changes due to three factors are calculated: a change
resulting from risk reduction measures, a change resulting from change in operational
environments, and a change resulting from an econometric model. However, the present
invention is not limited thereto, and can be applied to a case of obtaining only a change
resulting from one specific factor, such as only a change resulting from risk reduction
measures or only a change resulting from change in operational environments. Moreover, for
example, by subdividing risk reduction measures, it is possible to apply the present invention
to a case of separating into more detailed factors.

[0143]

Although the present invention has been described above with exemplary
embodiments, the present invention is not limited to the exemplary embodiments, and can be
modified 1n various manners. For example, the present invention can be applied to risk other
than operational risk, such as credit risk relating to margin trading like loan service and market
risk relating to exchange trading and interest trading.

[0144]

The present invention is based upon and claims the benefit of priority from Japanese
patent application No. 2011-072744, filed on March 29, 2011, the disclosure of which is
incorporated herein in its entirety by reference.

[0145]

The present invention can be utilized for calculating a risk amount by a simple
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method from loss data including a loss amount and loss occurrence frequency, and for
performing allocation of capital, component analysis, or the like.
[0146]

The whole or part of the exemplary embodiments disclosed above can be described as,
but not limited to, the following supplementary notes.
(Supplementary Note 1)

A risk management device comprising:

a storing means for storing loss data each including a loss amount and loss occurrence
frequency and a coefficient table holding a coefficient in association with the loss occurrence
frequency, the coefficient being equal to a value of an occurrence number at a lower 0% point
(o is a predetermined constant) in a cumulative distribution function of a probability
distribution with the loss occurrence frequency as a parameter; and

an individual VaR amount calculating means for calculating multiplication values,
each of which is calculated for each of the loss data and is a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency
included in the loss data and the loss amount included in the loss data.

(Supplementary Note 2)

The risk management device according to Supplementary Note 1, comprising a
cumulating means for calculating a cumulative value of the multiplication values calculated
for the respective loss data.

(Supplementary Note 3)

A risk management device comprising:
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a storing means for, when referring to a unit that a risk weighing device using loss
distribution approach weighs a risk amount as a weighing unit and referring to components
composing the weighing unit as elements, storing element-by-element loss data each including
a loss amount and loss occurrence frequency, a coefficient table holding a coefficient in
association with the loss occurrence frequency, the coefficient being equal to a value of an
occurrence number at a lower a% point (o is a predetermined constant) in a cumulative
distribution function of a probability distribution with the loss occurrence frequency as a
parameter, and a risk amount weighed by the risk weighing device for the weighing unit;

an individual VaR amount calculating means for calculating multiplication values,
each of which is calculated for each of the loss data and is a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency
included in the loss data and the loss amount included in the loss data;

a cumulating means for calculating a cumulative value of the multiplication values
calculated for all the loss data relating to the weighing unit, and a cumulative value of the
multiplication values calculated for all the loss data relating to each of the elements; and

an element-by-element risk amount calculating means for calculating a risk amount in
the risk amount calculated for the weighing unit by the risk weighing device as a risk amount
of a specific element of the elements, the risk amount of the specific element being
corresponding to a ratio of a cumulative value of the multiplication values calculated for all
the loss data relating to the specific element to the cumulative value of the multiplication
values calculated for all the loss data relating to the weighing unit.

(Supplementary Note 4)
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A risk management device comprising:

a storing means for storing one or more first scenario data each including a loss
amount and loss occurrence frequency, one or more second scenario data each obtained by
changing at least one of the loss amount and the loss occurrence frequency in the first scenario
data, and a coefficient table holding a coefficient in association with the loss occurrence
frequency, the coefticient being equal to a value of an occurrence number at a lower 0% point
(a is a predetermined constant) in a cumulative distribution function of a probability
distribution with the loss occurrence frequency as a parameter;

an individual data VaR amount calculating means for calculating, for each of the first
and second scenario data, a multiplication value of the coefficient held in the coefficient table
in association with the loss occurrence frequency included in the scenario data and the loss
amount included in the scenario data; and

a difference calculating means for calculating, for each combination of the first
scenario data and the second scenario data obtained by changing at least one of the loss
amount and the loss occurrence frequency in the first scenario data, a difference value between
the multiplication value relating to the first scenario data and the multiplication value relating
to the second scenario data.

(Supplementary Note 5)

A risk management device comprising:

a storing means for storing one or more first loss data each including a loss amount
and loss occurrence frequency, a first risk amount weighed by a risk weighing device based on

the first loss data, one or more second loss data each inciluding a loss amount and loss
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occurrence frequency, and a coefficient table holding a coefficient in association with the loss
occurrence frequency, the coefficient being equal to a value of an occurrence number at a
lower 0% point (o is a predetermined constant) in a cumulative distribution function of a
probability distribution with the loss occurrence frequency as a parameter;

an individual data VaR amount calculating means for calculating, for each of the first
and second loss data, a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data;

a cumulating means for calculating first and second approximate risk amounts
obtained by cumulating the calculated multiplication values for the first and second loss data,
respectively;

a ratio calculating means for calculating a ratio of the first risk amount to the first
approximate risk amount as an approximate ratio;

a second risk amount calculating means for calculating a value obtained by
multiplying the second approximate risk amount by the approximate ratio as a second risk
amount; and

a difference calculating means for calculating a difference between the first risk
amount and the second risk amount as a risk-amount change resulting from a difference
between the first loss data and the second loss data.

(Supplementary Note 6)
A risk management device comprising:

a storing means for storing one or more first loss data each including a loss amount
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and loss occurrence frequency, a first risk amount weighed by a weighing device based on the
first loss data, one or more second loss data each including a loss amount and loss occurrence
frequency, difference factor information between the first loss data and the second loss data,
and a coefficient table holding a coefficient in association with the loss occurrence frequency,
the coefficient being equal to a value of an occurrence number at a lower a% point (o is a
predetermined constant) in a cumulative distribution function of a probability distribution with
the loss occurrence frequency as a parameter;

an individual data VaR amount calculating means for calculating, for each of the first
loss data and for each of interim loss data obtained by reflecting only a change of the loss
amount and the loss occurrence frequency due to a specific factor in each of the second loss
data on the first loss data, calculating a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data;

a cumulating means for calculating a first approximate risk amount and an interim
approximate risk amount obtained by cumulating the calculated multiplication values for the
first loss data and for the interim loss data, respectively;

a ratio calculating means for calculating a ratio of the first risk amount to the first
approximate risk amount as an approximate ratio;

an interim risk amount calculating means for calculating a value obtained by
multiplying the interim approximate risk amount by the approximate ratio as an interim risk
amount; and

a difference calculating means for calculating a difference between the first risk
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amount and the interim risk amount as a risk-amount change resulting from the specific factor
between the first loss data and the second loss data.
(Supplementary Note 7)

A risk management method executed by a risk management device which has a
storing means for storing loss data each including a loss amount and loss occurrence frequency
and a coefficient table holding a coefficient in association with the loss occurrence frequency,
the coefficient being equal to a value of an occurrence number at a lower a% point (o is a
predetermined constant) in a cumulative distribution function of a probability distribution with
the loss occurrence frequency as a parameter, and which has an individual data VaR amount
calculating means,

the risk management method comprising:

by the individual data VaR amount calculating means, calculating multiplication
values, each of which is calculated for each of the loss data and is a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency
included in the loss data and the loss amount included in the loss data.

(Supplementary Note 8)

A computer program comprising instructions for causing a computer, which has a
storing means for storing loss data each including a loss amount and loss occurrence frequency
and a coefficient table holding a coefficient in association with the loss occurrence frequency,
the coefficient being equal to a value of an occurrence number at a lower 0% point (a is a
predetermined constant) in a cumulative distribution function of a probability distribution with

the loss occurrence frequency as a parameter, to function as:



57
an individual VaR amount calculating means for calculating multiplication values,
each of which his calculated for each of the loss data and is a multiplication value of the
coefficient held in the coefficient table in association with the loss occurrence frequency

included in the loss data and the loss amount included in the loss data.

DESCRIPTION OF REFERENCE NUMERALS

[0147]

1,2,3,4,5 risk management device

11,21, 31,41, 51 communication I/F unit
12,22,32,42,52 operation inputting unit
13, 23,33, 43,53 screen displaying unit
14,24, 34, 44, 54 storing unit

15, 25, 35, 45, 55 processor
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CLAIMS

1. A risk management device comprising:

a memory for storing loss data each including a loss amount and loss occurrence
frequency and a coefficient table holding a coefficient in association with the loss occurrence
frequency, the coeﬂicient being equal to a value of an occurrence number at a lower 0% point (o
is a predetermined constant) in a cumulative distribution function of a probability distribution
with the loss occurrence frequency as a parameter; and

a processor connected to the memory,

wherein the processor is programmed to calculate multiplication values, each of which
is calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data, wherein:

the memory is configured to store the loss data as first scenario data, and also
configured to store second scenario data each obtained by changing at least one of the loss
amount and the loss occurrence frequency in each of the first scenario data;

the processor is programmed to, in calculation of the multiplication values, for each of
the first and second scenario data, calculate a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the scenario data
and the loss amount inciuded in the scenario data; and

the processor is further programmed to, for each combination of the first scenario data
and the second scenario data obtained by changing at least one of the loss amount and the loss
occurrence frequency in the first scenario data, calculate a difference value between the
multiplication value relating to the first scenario data and the multiplication value relating to the

second scenario data.

2. A risk management device comprising:
a memory for storing loss data each including a loss amount and loss occurrence

frequency and a coefficient table holding a coefficient in association with the loss occurrence



10

15

20

25

30

59

frequency, the coefficient being equal to a value of an occurrence number at a lower a% point (a
is a predetermined constant) in a cumulative distribution function of a probability distribution
with the loss occurrence frequency as a parameter; and
a processor connected to the memory,
wherein the processor is programmed to calculate multiplication values, each of which
is calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data, wherein:
the memory is configured to store the loss data as first loss data, and also store a first
risk amount weighed by a risk weighing device based on the first loss data and second loss data
each including a loss amount and loss occurrence frequency;
the processor is programmed to, in calculation of the multiplication values, for each of
the first and second loss data, calculate a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data; and
the processor is further programmed to:
calculate first and second approximate risk amounts obtained by cumulating the
calculated multiplication values for the first and second loss data, respectively;
calculate a ratio of the first risk amount to the first approximate risk amount as
an approximate ratio;
calculate a value obtained by multiplying the second approximate risk amount
by the approximate ratio as a second risk amount; and
calculate a difference between the first risk amount and the second risk amount
as a risk-amount change resulting from a difference between the first loss data and the second

loss data.

3. A risk management device comprising:
a memory for storing loss data each including a loss amount and loss occurrence
frequency and a coefficient table holding a coefficient in association with the loss occurrence

frequency, the coefficient being equal to a value of an occurrence number at a lower 0% point (o
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is a predetermined constant) in a cumulative distribution function of a probability distribution
with the loss occurrence frequency as a parameter; and
a processor connected to the memory,
wherein the processor is programmed to calculate multiplication values, each of which
is calculated for each of the loss data and is a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data, wherein:
the memory is configured to store the loss data as first loss data, and also configured to
store a first risk amount weighed by a weighing device based on the first loss data, second loss
data each including a loss amount and loss occurrence frequency, and difference factor
information between the first loss data and the second loss data;
the processor is programmed to, in calculation of the multiplication values, for each of
the first loss data and for each of interim loss data obtained by reflecting only a change of the
loss amount and the loss occurrence frequency due to a specific factor in each of the second loss
data on the first loss data, calculate a multiplication value of the coefficient held in the
coefficient table in association with the loss occurrence frequency included in the loss data and
the loss amount included in the loss data; and
the processor is further programmed to:
calculate a first approximate risk amount and an interim approximate risk
amount obtained by cumulating the calculated multiplication values for the first loss data and for
the interim loss data, respectively;
calculate a ratio of the first risk amount to the first approximate risk amount as
an approximate ratio;
calculate a value obtained by multiplying the interim approximate risk amount
by the approximate ratio as an interim risk amount; and
calculate a difference between the first risk amount and the interim risk amount
as a risk-amount change resulting from the specific factor between the first loss data and the

second loss data.
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4, A risk management method executed by a risk management device which includes a
memory for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower a% point (0 is a
predetermined constant) in a cumulative distribution function of a probability distribution with
the loss occurrence frequency as a parameter, and which includes a processor connected to the
memory,

the risk management method comprising:

by the processor, calculating multiplication values, each of which is calculated for each
of the loss data and is a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data;

by the memory, storing the loss data as first scenario data, and also storing second
scenario data each obtained by changing at least one of the loss amount and the loss occurrence
frequency in each of the first scenario data; and

by the processor:

in calculation of the multiplication values, for each of the first and second
scenario data, calculating a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the scenario data and the loss amount
inciuded in the scenario data; and
for each combination of the first scenario data and the second scenario data

obtained by changing at least one of the loss amount and the loss occurrence frequency in the
first scenario data, calculating a difference value between the multiplication value relating to the
first scenario data and the multiplication value relating to the second scenario data.
5. A risk management method executed by a risk management device which includes a
memory for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower % point (o is a
predetermined constant) in a cumulative distribution function of a probability distribution with
the loss occurrence frequency as a parameter, and which includes a processor connected to the

memory,
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the risk management method comprising:
by the processor, calculating multiplication values, each of which is calculated for each
of the loss data and is a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data;
by the memory, storing the loss data as first loss data, and also storing a first risk
amount weighed by a risk weighing device based on the first loss data and second loss data each
including a loss amount and loss occurrence frequency; and
by the processor:
in calculation of the multiplication values, for each of the first and second loss
data, calculating a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data;
calculating first and second approximate risk amounts obtained by cumulating
the calculated multiplication values for the first and second loss data, respectively;
calculating a ratio of the first risk amount to the first approximate risk amount
as an approximate ratio;
calculating a value obtained by multiplying the second approximate risk
amount by the approximate ratio as a second risk amount; and
calculating a difference between the first risk amount and the second risk
amount as a risk-amount change resulting from a difference between the first and second loss

data.

6. A risk management method executed by a risk management device which includes a
memory for storing loss data each including a loss amount and loss occurrence frequency and a
coefficient table holding a coefficient in association with the loss occurrence frequency, the
coefficient being equal to a value of an occurrence number at a lower a% point (o is a
predetermined constant) in a cumulative distribution function of a probability distribution with
the loss occurrence frequency as a parameter, and which includes a processor connected to the
memory,

the risk management method comprising:
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by the processor, calculating multiplication values, each of which is calculated for each
of the loss data and is a multiplication value of the coefficient held in the coefficient table in
association with the loss occurrence frequency included in the loss data and the loss amount
included in the loss data
by the memory, storing the loss data as first loss data, and also storing a first risk
amount weighed by a weighing device based on the first loss data, second loss data each
including a loss amount and loss occurrence frequency, and difference factor information
between the first loss data and the second loss data;
by the processor:
in calculation of the multiplication values, for each of the first loss data and for
each of interim loss data obtained by reflecting only a change of the loss amount and the loss
occurrence frequency due to a specific factor in each of the second loss data on the first loss data,
calculating a multiplication value of the coefficient held in the coefficient table in association
with the loss occurrence frequency included in the loss data and the loss amount included in the
loss data;
calculating a first approximate risk amount and an interim approximate risk
amount obtained by cumulating the calculated multiplication values for the first loss data and for
the interim loss data, respectively;
calculating a ratio of the first risk amount to the first approximate risk amount
as an approximate ratio;
calculating a value obtained by multiplying the interim approximate risk
amount by the approximate ratio as an interim risk amount; and
calculating a difference between the first risk amount and the interim risk
amount as a risk-amount change resulting from the specific factor between the first and second

loss data.



