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DESCRIPTION

TITLE: RISK PROFILE GENERATION DEVICE

TECHNICAL FIELD
[0001]

The present invention relates to risk management in companies like financial
institutions, more specifically, relates to a method and device for generating a risk profile
representing a probability distribution what kinds of loss events occur in what kinds of

combinations and on what scale each of the loss events are.

BACKGROUND ART
[0002]

Before description of the present invention, several terms relating to risk management
in financial institutions are defined here. It is assumed that risks are majorly Operétional risks,
but the present invention is not limited to this kind of risks and can be applied to a credit risk
relating to margin trading such as loan service, a market risk relating to exchange trading and
interest trading, and so on.

[0003]

First, a loss event shall be an event accompanied by a loss and expressed as x = {(a,b).

In the equation, a shall denote the content of an event. For example, a = Tokai earthquake. In

the equation, b shall denote the scale of a loss. For example, b = 1 billion yen. The scale of a
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loss does not need to be the amount of money and may be weighed by a lost time, the amount
of lost resource, or the like. However, for convenience of description, b shall denote the
amount of lost money below.

[0004]

A sequence x_I, x 2, ..., x_n of loss events occurring during a certain period T shall
be denoted by X (symbol “_” shows that a later letter is an index as a subscript of a former
letter (e.g., x_1 represents x;). Herein, x_1 = (a_i,b_i). Therefore, X = x_1, ..., x.n = (a_1,b_1),
..., (a_n,b_n). For example, a loss event sequence X, X = (Tokai earthquake, 1 billion yen),
(bank transfer scam, 0.2 million yen), (bank transfer scam, 1.5 million yen), shows that, during
the period T, a loss of 1 billion yen is caused by Tokai earthquake, a loss of 0.2 million yen is
caused by bank transfer scam, and a loss of 1.5 million yen is caused by bank transfer scam
again. As in this example, the same loss event may occur plural times.

[0005]

A risk profile P shall be a probability distribution P(X) of X, where the loss event
sequence X is regarded as a random variable. The number n of events shall also be a rand(;m
variable. Therefore, a value of the probability distribution P(X) is defined with respect to not
only the loss event sequence X for a constant number n but also the loss event sequence X for
various numbers n.

[0006]

In other words, the risk profile P is information on a “probability what kinds of loss

events occur in what kinds of combinations with what amount of loss” during the period T.

The period T is called a holding period in common usage and shall be thus described in this
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[0007]

Risk analysis in financial engineering, reliability engineering and the like leads to
estimation and calculation of feature values of the abovementioned risk profile in most cases.
In this specification, a probability distribution function (which is determined by determining a
probability distribution, such as a mean, a probability percentile and the like of a certain
random variable) shall be referred to as a feature value of the probability distribution,

[0008]

For example, a mean accumulative loss during a holding period is the mean of a loss
amount b_I -, ..., -+ a loss amount b_n under the risk 'proﬁle P(X). Moreover, VaR (Value at
Risk} defined as the maximum value of a future loss amount that will probably be caused with
a certain fixed probability (confidence level P%; P = 99.9, for example) is a lower percentile
point (P% point) of a loss amount b_1 +, ..., + a loss amount b_n under the risk profile P(X).
[0009]

A probability distribution of a number n under the risk profile P(X) shall be referred
to as a frequency distribution and expressed as Pf(n}). That is to say, the frequency distribution
Pf(n) is a probability distribution of the number of times of a loss event occurring during a
holding period.

[0010]

Further, a probability distribution of a loss amount b_* randomly picked up from a

loss amount b_1 +, ..., + a loss amount b_n occurring under the risk profile P(X) shall be

referred to as a scale distribution and expressed as Ps(b). That is to say, the scale distribution
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Ps(b) is a probability distribution of the amount of loss of a loss event (one loss event, not
accumulated amount) occurring during a holding period.
[0011]

The abovementioned frequency distribution Pf{(n) and scale distribution Ps(b) are
examples of the feature values of a risk profile.
[0012]

Furthermore, because a frequency distribution and a scale distribution are often
handled for each event content in common usage for facilitating more detailed risk analysis
and discussion, the following will also be defined in this specification. First, the range of an
event content a_i shall be A={A"l, ..., A"c} under the risk profile P(X) (a symbol “*” shows
that a later letter is an index as a superscript of a former letter (e.g., A1 represents A')). That
is fo say, the content of a possible loss event shall be limited any of A1 to A"c under the risk
profile P(X). Hereinafter, A shall be referred to as the range of the content of an event.

[0013]
Further, when a_i< A_c, that is, loss events having an event content A"c are derived

(1]

from X =x_1, ..., xn=(alb.l), ... (anb.n)and lined, and moreover, subscripts are

replaced with numbers from 1, it shall be described as follows:
Xe=x"c_1,....,x"enc=(a"c_l,b’c_1),....,(a"cnc, b'c_nc),
where a"c_i < A”c. Moreover, the number of times of occurrence of the loss event having
the event content A"c under X is described as nc. Because X ¢ is a function of X, its probability

distribution P"¢(X ¢) 1s uniquely determined by the risk profile P(X).

[0014]
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Then, a probability distribution of nc, namely, a probability distribution of the number
of times of occurrence of the loss event having the event content A”c during a holding period
shall be described as Pf ¢(n) and referred to as a frequency distributioﬁ of the event content
A'c.

[0015]

Further, a probability distribution of b"c_* randomly derived from b'c_i shall be
described as Ps"c(b) and referred to as a scale distribution of the event content A'c. A scale
distribution of a loss event with Pf ¢(0)=1, namely, with occurrence probability 0 shall become
Ps"c(0)=1 for convenience, that is, the amount of loss shall become 0 yen determinately.

{0016}

Because both the frequency distribution Pf¢(n) and the scale distribution Ps"c(b) of
the event content A"c are determined by the risk profile P(X), they are also examples of a
feature value of P(X). For example, assuming A"l = Tokai earthquake, P{"1(n) is a probability
distribution of the “number of times of occurrence of Tokai earthquake” during a holding
period and Ps”1(b) is a probability distribution of the “amount of loss when Tokai earthquake
occurs.” These Pf 1(n) and Ps"1(b) are determined if the risk profile P(X) is given, that is, a
probability distribution what kinds of loss events occur in what kinds of combinations during a
helding period and at what amount of loss each of the loss events occurs is given.

[0017]

In the field of risk analysis, there is a case that generation of many risk profiles P(X)

satisfying a specific condition is required. For example, in verification of accuracy of a risk

weighing device, for example, an actual value of a random variable under a specific risk
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profile is actually an input of the risk weighing device. Then, a value outputted by the risk
weighing device and a feature value of the risk profile are compared. By executing this
operation while changing a risk profile, verification what the accuracy of the risk weighing
device is under what type of risk profile is performed (e.g., refer to Non-Patent Document 1).
Aitemativéiy, there is also a case that generation of many risk profiles P(X) satisfving a
specific condition is required for the purpose other than verification of accuracy of a risk
weighting device. For example, there is a case of generating many risk profiles P(X) satisfying
a specific condition for the purpose of examining what kind of risk profile takes what kind of
feature value.
[0018]

However, most documents including Non-Patent Document 1 do not disclose a
specific method for generating a risk profile satisfying a specific condition.
[0019]

On the other hand, Patent Document 1 discloses a system that provides a model of
VaR that becomes an index for statistically displaying a probable maximum loss such that
assets incur with a fixed probability during a holding period, for analyzing the risk of assets
inéluding derivatives. This system, for each of all combinations of a means for inputting
setting conditions of a parameter necessary for calculation of VaR and a data processing
method and the inputted setting conditions, calculates volatility data and correlation
coefficient data from observed data, and calculates sensitivity data of assets from held assets
data, thereby generating a plurality of VaR models.

[0020]
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Patent Document 1: Japanese Unexamined Patent Application Publication No. JP-A
10-222488

Patent Document 2: Japanese Patent Publication No. 4241083

[0021]

Non-Patent Document 1. Kobayashi, Shimizu, Nishiguchi and Morinaga “Operational Risk
Management” Kinzai Institute for Financial Affairs, Inc, issued on April 24, 2009, pp. 127-134
0022}

In a case that the method according to Patent Document 1 is applied to generation of a
risk profile, by introducing a parameter into the risk profile P(X} and regulating the value of
the parameter so that a condition designated by a user is satisfied, the risk profile P(X)
satisfving a specific condition is generated. That Is to say, assuming a parameter set configured
by one or more parameters is described as 0, a risk profile is defined as P(X; 8) so that the risk
profile changes with parameter set 8, and the value of parameter set 9 is regulated so that a
desired condition is satisfied. Below, a description will be made with a specific example.
[0023]

For example, assuming a set of 30 parameters Ak, pk and ok, (k=1 to 10) is denoted
by 0, risk profile P(X;0) is defined as described below:

(1) random variables x_1, x_2, ... representing loss events are independent of each other;

(2) a frequency distribution of event content k follows a Poisson distribution with mean of
parameter Ak;

(3) a scale distribution of event content k follows a log normal distribution with log mean of

parameter pk and log standard deviation of parameter ck; and
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Regarding this risk profile P(X:8), a risk profile to be generated varies with change of
the values of Ak, pk and ok, (k = 1 to 10) as elements of parameter set 6. Therefore, by
properly selecting the value of parameter set 8, it is possible to generate a risk profile
satisfying a specific condition.

[0024]
Now, it is assumed that the following conditions are given:
(a) the mean of the numbers of events with event content k is 2; and
(b) the scale distribution is an exponential distribution of a mean parameter 10.
[0025]

In this case, it is obvious that parameter Ak can only take a value of 2 for satisfying
the condition (a) described above. However, it is not obvious what values the remaining 20
parameters pk and ok must take for almost satisfying the condition (b).

[0026]

If we assume that candidate values of parameters pk and ok are determined by any
method and a function representing a divergence between a risk profile specified by these
determined values and a required condition b is an objective function, a problem of obtaining
optimum values of parameters pk and &k is an optimization problem of obtaining a solution
that minimizes the objective function.

o027
However, in a case that the number of combinations of candidate parameter values is

huge, it is difficult to obtain optimum parameters uk and ok with a realistic resource (a
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combinational explosion.
[0028]

Further, by solving the optimization problem as described above. it is possible to
obtain only one pair of values of parameters pk and ok that almost satisfy a required condition,
namély, only one risk profile. Therefore, m order to generate many risk profiles that almost
satisfy the required condition b, it is necessary to solve many optimization problems as
described above. Accordingly. it is extremely difficult to generate many risk profiles that

almost satisfy a required condition with a realistic resource within a practical time.

SUMMARY
[0029]

An object of the present invention is to provide a risk profile generation device that
solves the aforementioned problem, namely, a problem that it is practically difficult to
generate many risk profiles satisfying a specific condition.

[0030]

A risk profile generation device according to an exemplary embodiment of the present
invention includes:

a memory for storing model information of a risk profile defined by a first parameter
set including one or more parameters, model information of a probability distribution of the
first parameter set defined by a second parameter set including one or more parameters, a

plurality of required conditions, and weighting factors of the plurality of required conditions;
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and
a processor connected to the memory,
wherein the processor is configured to:
calculate a value of the second parameter set such that a risk profile to be
specified by applying a value of the first parameter set generated in accordance with the
probability distribution to the model information of the risk profile satisfies the required
conditions with a higher probability, for each of the required conditions;
generate a probability distribution of the first parameter set from the value of
the second parameter set calculated for each of the required conditions, the weighting factors,
and the model information of the probability distribution: and
generate a value of the first parameter set in accordance with the generated
probability distribution of the first parameter set.
[0031]

Further, a risk profile generation method according to another exemplary embodiment
of the present invention is a risk profile generation method executed by a risk profile
generation device including: a memory for storing model information of a risk profile defined
by a first parameter set including one or more parameters, model information of a probability
distribution of the first parameter set deﬁned by a second parameter set including one or more
parameters, a plurality of required conditions, and weighting factors of the plurality of
required conditions; and a processor connected to the memory.

The risk profile generation method includes, by the processor:

calculating a value of the second parameter set such that a risk profile to be specified
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by applying a value of the first parameter set generated in accordance with the probability
distribution to the model information of the risk profile satisfies the required conditions with a
higher probability, for each of the required conditions;

generating a probability distribution of the first parameter set from the value of the

second parameter set calculated for each of the required conditions, the weighting factors, and

the model information of the probability distribution; and

generating a value of the first parameter set in accordance with the generated
probability distribution of the first parameter set.
[0032]

With the abovementioned configurations, the present invention makes it possible to
generate many tisk profiles that almost satisfy a specific condition with a realistic resource:

within a practical time.

BRIEF DESCRIPTION OF DRAWINGS
[0033]
Fig. 1 is a block diagram of a first exemplary embodiment of the present invention;
Fig. 2 is a view showing an example of input information in the first exemplary
embodiment of the present invention;
Fig. 3 is a view showing an example of interim information in the first exemplary
embodiment of the present invention;
Fig. 4 is a view showing an example of output information in the first exemplary

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

Fig. 6 is a flowchart showing an example of an operation of a generator distribution
regulating unit in the first exemplary embodiment of the present invention;

Fig. 7 is a view showing a specific example of the input information in the first
exemplary embodiment of the present invention;

Fig. 8 ts a view showing another specific example of the input information in the first
exemplary embodiment of the present invention;

Fig. 9 is a view showing a specific example of the output information in the first

exemplary embodiment of the present invention;

Fig. 10036 2 bloek diagram:of & second’ exemp iy fihent of - the present
invention;

Fig. 11 is a view showing an example of input information in the second exemplary
embodiment of the present invention;

Fig. 12 is a view showing an example of interim information in the second exemplary
embodiment of the present invention;

Fig. 13 is a view showing an example of output information in the second exemplary
embodiment of the present invention;

Fig. 14 is a flowchart showing an example of an operation of the second exemplary
embodiment of the present invention;

Fig. 15 is a view showing a specific example of the input information in the second

exemplary embodiment of the present invention;
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Fig. 16 is a schematic configuration diagram of a third exemplary embodiment of the
present invention;

Fig. 17 is a block diagram of the third exemplary embodiment of the present
invention;

Fig. 18 isa .view showing an example of test data in the third exemplary embodiment
of the present invention;

Fig. 19 is a flowchart showing an example of an operation of the third exemplary
embodiment of the present invention; and

Fig. 20 is a ﬂowchaﬁ showing an example of an operation of a test data generating

unit in the third exemplary embodiment of the present invention.

EXEMPLARY EMBODIMENTS
[0034]
Next, exemplary embodiments of the present invention will be described in detail

with reference to the drawings.

[0035]
{First Exemplary Embodiment]
First, with reference to Fig. 1, a risk profile generation device 1 according to a first
exemplary embodiment of the present invention will be described in detail.
[0036]

The risk profile generation device 1 according fo this exemplary embodiment has a



10

I3

20

14

function of generating many risk profiles aimost satisfying a specific condition.
{0037} |

This risk profile generation 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 135.

[0038]

The communication IF unit 11 is formed by a dedicated data communication circuit,
and has a function of performing data communication with various types of devices, which are
not shown in the drawings, connected via communication lines (not shown in the drawings).
[0039]

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 13.

[0040]

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 generated risk profile on a screen in accordance with instructions from the
processor 15.

[0041]

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 processes by the processor 15 and a program 14P. The program 14P, which is
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a program loaded into the processor 15 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) such as a flexible disk, an optical disk, a magneto-optical disk, a
magnetic disk and a semiconductor memory via a data input/output function such as the
communication I/F 11, and is stored into the storing unit 14, Major processing information
stored by the storing unit 14 is input information 14A, interim information 14B, and output
information 14C.
[0042]

The input information 14A is information inputted from the communication I/F unit
11 or the operation inputting unit 12. Fig. 2 shows an example of the configuration of the input
information 14A. The input information 14A in this example is composed of: meodel
information 14A1 of a risk profile P(X;8) defined by using a parameter set 6 composed of one
or more parameters; model information 14A2 of a probability distribution P(6;m) of the
parameter set 0, defined by using a parameter set n composed of one or more parameters; and
a required condition 14A3. In this specification, the probability distribution P(8:n) is also
referred to as a generator distribution. Herein, the number of elements of the parameter set 1 is
smaller than the number of elements of the parameter set 8.
[0043]

Definition of the model information 14Al of the risk profile P(X;0) by using the
parameter set ¢ may be performed by any method. For example, it may be defined that, under
a risk profile (X), a frequency distribution of an event content A”c is a Poisson distribution of a

parameter 0f ¢, a scale distribution of the event content Ac is a normal distribution of a mean
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parameter 8s_pi"c and a standard deviation parameter 8s_c"c, the range of the event content is
{A"1, A2}, and each event is stochastically independent. In this case, it is expressed by a
6-dimensional parameter, 6 = (8171, 8s_u"1, 85 6", 62, 6s_u"2, 8s_c"2) with regard to the two
event contents. Accordingly, for example, when the number of kinds of event contents is 200,
superscripts of respective componenis of the above & takes values 1 to 200, and it is expressed
by a 600-dimensionl parameter in total, 6 = (81, 8s_u'1, 8s_c"1, ..., 6200, 6s_u 200,
Bs_o"200).

[0044]

Definition of the model information 14A2 of the probability distribution P(8:n) of the
parameter set 6 by using the parameter set  may be performed by any method. For example,
in the case of 6 = (Bf"1, Bs_u"1, 85 671, ..., 6 C, 8s_u"C, 8s_6"C), it may be defined that 671,
..., 9f°C independently follow a normal distribution of a mean parameter n_1 and a variance
parameter 1_2, Os_u"1, ....0s_pu"C also independently follow a normal distribution of a mean
parameter n_3 and a variance parameter v 4, and 05 ¢"1, ..., 8s_¢"C also independently follow
a normal distribution of a mean parameter 1_5 and a variance parameter 16, for example. In
this case, a probability distribution of § is uniquely determined by a six-dimensional parameter
n=ml ....n.6).

[0045]

The required condition 14A3 is a property that a risk profile to be generated is desired
to satisfy with high probability. For example, in the case of generating a risk profile P(X) such
that a frequency distribution Pf(n) and a scale distribution Ps(b) are as close as possible to an

exponential distribution of a mean parameter = 1 or the like, this is designated as the required
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condition 14A3.
[0046]

The interim information 14B is interim information generated in the process of
calculation by the processor 15. Fig. 3 shows an example of the configuration of the interim
information 14B. The interim information 14B in this example is composed of a value 14B1 of
the parameter set 1.

[0047]

The output information 14C is information on a risk profile generated in the
calculation by the processor 15. Fig. 4 shows an example of the configuration of the output
information 14C. The output information 14C in this example is composed of a plurality of
values 14C1 to 14Cn of the parameter set 0.

{0048]

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, a
generator distribution regulating unit 15B, a risk profile sampling unit 15C, and an output
formatting unit 15D.

[0049]

The input storing unit 15A has a function of storing information inputted from the

communication I/F unit 11 or the operation inputting unit 12 as the input information 14A into

the storing unit 14.
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[0050]

The generator distribution regulating unit 15B has a function of loading the input
information 14A thereinto and calculating a value of the parameter set 1 in the model
information 14A2 such that a risk profile specified by applying the vaiue of the parameter set
8 generated in accordance with the probability distribution P(&;n) to the model information
14A1 satisfies the required condition 14A3 with a higher probability. Moreover, the generator
distribution regulating unit 5B has a function of storing the calculated value of the parameter
set 1} as the interim information 14B into the storing unit 14.

[0051]

Now if we assume that a function representing a divergence between a risk profile
specified by applying the value of the parameter set 0 generated in accordance with the
probability distribution P(6;1) to the model information 14A1 and the required condition 14A3
is an objective function, a problem of solving the value of an optimum parameter set 1 is an
optimization problem of obtaining a solution which minimizes the above objective function.
[0052]

As the abovementioned divergence, for example, it is possible to use KL divergence,
or mean squared error in a specific interval of a density function.

[0053]

Further, when a plurality of required conditions are given, a solution method that
satisfies a plurality of objective functions as simultaneously as possible can be used, such as a
solution method in which a weighted sum of objective functions defined for the respective

required conditions is an objective function and a method of setting priorities to the objective
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functions.
[0054]

Because technfques for solving an optimization problem have been proposed quite
widely, the generator distribution regulating unit 15B can use any of these solution techniques.
Instead of directly solving an optimization problem on the abovementioned 1, the generator
distribution regulating unit I5B may solve after converting the problem into an equivalent or
dual problem. If it is difficult to directly calculate the value of an objective function and a
differential coefficient from n, the generator distribution regulating unit 15B may actually
generate one or more 0 in accordance with P(6:n) under the 1 and calculate to what degree the
required condition is satisfied or obtain the probability of satisfaction through simulation,
numerical integration, or the like. When it is possible to acquire rough information on
calculation of the value of an objective function with respect to certain 1y or approximate
calculation thereof by any of the methods, it is possible to at least approximately solve the
optimization problem on the 7. Although it is needless to say that the difficulty level of the
optimization problem on the 1 depends on the required condition, the difficulty level
outstandingly increases as a method of modeling a generator distribution, namely, a function
form of P(8;m) becomes complicated, and therefore, it ié desirable to make the modeling
method sufficiently simpie.

[0055]

The risk profile sampling unit 15C has a function of loading the input information

14A and the interim information 14B thereinto and repeatedly generating the value of the

parameter set 0 in accordance with a probability distribution P(8;n) specified by applying the
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value of the parameter set 1 shown in the interim information 14B to the model information
14A2. Generation of the value in accordance with the specific probability distribution may be
performed by any method. Because this is sampling based on a distribution P(0;n) of a random
variable 6, it is generally possible to obtain different 8 satisfying the required condition 14A3
with a high probability in every sampling. Moreover, the risk profile sampling unit 15C has a
function of storing the generated values of the parameter set 8 as the output information 14C
into the storing unit 14.

[0056]

The output formatting unit 15D has a function of loading the values of the parameter
set 0 included in the output information 14C thereinto, and outputting as a final result to the
screen displaying unit 13 or to the outside via the communication I/F unit 11. The output
formatting unit 15D may have a function of outputting another kind of data, instead of the
values of the parameter set § or in addition to the values of the parameter set 8, to the screen
displaying unit 13 or to the outside via the communication I/F unit 11. The latter function will
be described later as a modified example of this exemplary embodiment.

[0057}

Next, with reference to Fig. 5, an operation of the risk profile generation device 1
according to this exemplary embodiment will be described.
{0058]

First, the input storing unit 15A receives a model formula 14A1 of a risk profile
P(X;0), 2 model formula 14A2 of a probability distribution P(8:1) of a parameter set 8, and a

required condition 14A3 from the communication I/F unit 11 or the operation inputting unit 12,
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and stores as the input information 14A into the storing unit 14 (step S1).
[0059}

Next, the generator distribution regulating unit 15B loads the model formula 14A1 of
the risk profile P(X;0), the model formula 14A2 of the probability distribution P(8;n) of the
parameter set 0, and the xfequired condition 14A3 from the storing unit 14, calculates a value
14B1 of the parameter set n such that the risk profile P(X:0) determined by a value of the
parameter set 8 generated in accordance with the probability distribution P(8:1) satisfies the
required condition 14A3 with a higher probability, and stores as the interim information 14B
into the storing unit 14 (step S2). The details of this step S2 will be described later.

[0060]

Next, the risk profile sampling unit 15C loads the calculated value 14B1 of the
parameter set 1, repeatedly generates a value of the parameter set 0 in accordance with the
probability distribution P(8:n) determined by the value 14B1 of the parameter set 1), and stores
the generated values 14C1 to 14Cn of the parameter set 6 as the output information 14C into
the storing unit 14 (step S3).

[0061]

Finally, the output formatting unit 15D loads the generated values 14C1 to 14Cn of
the parameter set 6 from the storing unit 14, and outputs as a final result to the screen
displaying unit 13 or to the outside via the communication UF unit 11 (step S4).

[0062]
Fig. 6 is a flowchart showing an example of the process at step S2 in Fig. 5. With

reference to Fig. 6, an example of the process by the generator distribution regulating unit 15B
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will be described below.
10063]

First, the generator distribution regulating unit 15B determines an initial value 1_0 of
the parameter set 1, for example, by random numbers, and also resets a variable t to 1 (step
S11).

[0064]

Next, the generator distribution regulating unit 15B generates a plprality of candidates
n°1, ..., WK different from each other of v afier update, from a parameter set v_t—1 (an inittal
value at an initial time point) that is the last regulation result (step S12). The easiest method
for generating the plurality of candidates "1, ..., WK is, for example, increasing or decreasing
the respective elements of the parameter set n_t—1 before update by a minute amount. For
example, if we assume that the parameter set v_t—1 before update is 2-dimensional (n1,12) and
the minute amount is 0.001, the generator distribution regulating unit 15B generates a plurality
of candidates "1, ..., 174 as shown below:
candidate n"1 = (n1-0.001, n2—-0.001);
candidate n"2 = (n1—0.001, n2+0.001};
candidate "3 = (n1-+0.001, n2—0.001); and
candidate n°4 = (n1+0.001, n2+0.001)

[0065]

Although the minute amount is a fixed value in the above example, the minute

amount may be a variable value. Particularly as in this case, in a case that there is a need to

update 7 so that the required condition 14A3 is satisfied as highly as possible, the minute
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amount is regulated again depending on what degree each of the abovementioned candidates
breaches the required condition 14A3, and the degree of breach is made to be as small as
possible. Because various techniques have been studied in the field of a numerical
optimization problem, any of the techniques can be used.

[0066]

Next, the generator distribution regulating unit 15B calculates an objective function
of a probability distribution P(8:1k) with respect to each parameter set Wk (k =1, ..., K} (step
S13). A process of calculating the objective function of the probability distribution P(8:1k)
with respect to a certain parameter set 'k is executed in the following maﬁner, for example.
[0067]

First, the generator distribution regulating unit 15B generates one or more risk
profiles P(X:8°T), where | is lowercase of L (1 = 1, ..., L; the same shall apply hereinafter), in
accordance with the probability distribution P(6:1y°k) (step S21). To be specific, the generator
distribution regulating unit 15B generates a value of the parameter set 8 in accordance with the
probability distribution P(6;1°k), applies this generated value to the model information 14Al
of the risk profile P(X;0), and generates one risk profile. The generator distribution regulating
unit 15B repeatedly executes such a process for number L of risk profiles that it is desired to
be generated.

[0068]

Next, the generator distribution regulating unit 15B calculates the degree of

satisfaction of the required condition with respect to each of the generated risk profiles

P(X;0"1), where 1= 1, ..., L (step $22). As the degree of satisfaction of the required condition
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of a certain risk profile, it is possible to use a divergence between the risk profile and a
required condition (e.g., KL divergence, mean squared error in a specific interval of a density
function, or the like).

[0069]

Next, the generator distribution regulating unit 15B calculates the mean of the degree
of satisfaction of the required condition of each of the risk profiles P(X;0°l), where 1 = 1, ..., L,
and sets this calculation result as an objective function (step 823).

0070}

Subsequently, the generator distribution regulating unit 15B compares the objective
functions calculated with respect to the respective parameter sets nk k=1, ..., K), selects a
parameter set 1"k whose degree of satisfaction of the required condition is the best, and stores
this selected parameter set n’k as a parameter set 't (step S14).

[0071]

Next, the generator distribution regulating unit 15B determines whether it is
necessary to repeat update of the parameter set 1 (step S15). As a method for determining
conclusion of update of n, for example, it is possible to use a method of comparing the degrees
of satisfaction with the required condition between the present parameter set 1 t and the last
parameter set n_t~1 and, when the degree of satisfaction becomes equal 1o or less than a preset
reference, that is, when the degree of satisfaction cannot be increased any more even if 1 is
updated, determining that update of 1 is concluded.

[0072]

When determining that it is still necessary to repeat update of the parameter set 1), the
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generator distribution regulating unit 15B increments the variable t (step 516), and returns to
step 512 to repeat the same process as the aforementioned process. On the other hand, when
determining that it is unnecessary to repeat update of the parameter set 1, the generator
distribution regulating unit 1 5B proceeds to step S17.
[00673]

At step S17, the generator distribution regulating unit 15B stores a parameter set 7t
of a final reguiation result as optimum 1 into the interim information 14B.
[0074]

Thus, in this exemplary embodiment, by introducing a probability distribution P(8;m)
of a parameter set €& (m is a parameter of this probability distribution) and regulating a
parameter set 1y so that a probability that the parameter set 8 satisfies the required condition
14A3 becomes high, the parameter set 8 is generated in accordance with the probability
distribution P(8;n), and therefore, it is possible to generate many tisk profiles satisfying a
specific condition with a realistic resource within a practical time. This is because:
(1) by making the number of parameters configuring the parameter set 1 smaller than that of
the parameter set 8, it is possible to regulate the parameter set n with a realistic resource within
a practical time;
(2) it is originally possibie to sample the parameter set 8 according to the generator
distribution P(6;n) with a realistic resource; and
(3) once regulating the generator distribution P(8;n), it is possible only by repeating sampling
the parameter set § according thereto to obtain various parameter sets 9, namely, various risk

profiles P(X;0) that satisfy the designated required condition 14A3 with a high probability.
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[0075]

Next, with a specific example, the operation in this exemplary embodiment will be
described in more detail.
[0076]

With reference to Fig. 7, the model information 14A1 of the risk profile P(X;0)
included in the input information 14A defines the risk profile P(X;8) by the following four
information:

(1) random variables x_1, x_2, ... representing loss events are independent of each other;

(2) a frequency distribution of an event content k follows a Poisson distribution with a
parameter Ak as a mean;

(3) a scale distribution of the event content k follows a log normal distribution with parameters
pk and ok as a log mean and a log standard deviation;

(4rk=11t010.

In this case, 8 becomes a set of 30 parameters in total including ik, pk and ok (k=1
to 10).

[0077}

Further, with reference to Fig. 7, the model information 14A2 of the probability
distribution P{8;n) included in the input information 14A defines the probability distribution
P(8;m) by the following four information:

{1) the probability distribution P(8;n) is independent for each k;
(2) a distribution of (Ak, uk, ok) is a multidimensional normal distribution;

(3) a mean vector of the abovementioned multidimensional normal distribution is (2,el,e2);
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and
(4) a covariance matrix of the abovementioned muitidimensional normal distribution is
((0,0,0),(0,83,e4)(0,e4,d5)).
In this case, 1 becomes a set of five parameters in total including el to 5.
[0078}

The reason for fixing the first component of the mean vector of the multidimensional
normal distribution to a value of 2 and fixing the first row and the first column of the
covariance matrix to a value of 0 is that it is desired to set the mean of the numbers of events
having the event content k to 2. That is to say, it is because when the mean of the numbers of
events having the event content k is 2, Ak takes only a value of 2, which is that, in parameters
of a multidimensional normal distribution, the relevant element (the first component) of the
mean vector becomes a value of 2 and the relevant row and the relevant column of the
covariance matrix becomes a value of 0.

[0079]

Further, with reference to Fig. 7, the required condition included in the input
information 14A designates the following condition:

(1) a scale distribution is an exponential distribution of a mean parameter 10.
[0080]

When the input information 14A as shown in Fig. 7 is stored into the storing unit 14
by the input storing unit 15A, the generator distribution regulating unit 15B determines an
optimum parameter set 11 by the procedure shown in Fig. 6. That is to say, the generator

distribution regulating unit 15B regulates 7 so that an objective function becomes small by
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using, for example, the mean of divergence {(e.g.. KL divergence, mean squared error in a
specific interval of a density function, or the like) between a scale distribution of risk profiles
P(X;0) actually generated in accordance with a generator distribution P(6;1) and the scale
distribution (the exponential distribution of mean 10) designated by the required condition, as
the objective function. In this example, it is easy to generate 8 in accordance with } because it
is enough to generate normal random numbérs under a given distribution parameter. Moreover,
the scale distribution of P(X;0) in € thus obtained becomes a mixture distribution of ten log
normal components, and it can be easily realized by a known technique to calculate the
divergence between the mixture distribution and the exponential distribution of mean 10. Thus,
because it is possible to easily calculate the value of an objective function with respect to any
7}, it is possible to solve the optimization problem by the known technique.

[0081]

Assuming the parameter of the generétor distribution regulated by the generator
distribution regulating unit 15B in the above manner is expressed as n*, n* is stored as the
interim information 14B into the storing unit 14.

[0082]

Next, the risk profile sampling unit 15C generates a necessary number of parameters
8= ((Alul,cl), ..., (A10,010,610)) of a risk profile in accordance with a generator distribution
P(8;n*), and stores as the output information 14C into the storing unit 14. The risk profile
P(X;0) having the thus generated 8 satisfies the required condition as much as possible.

[0083]

After that, the output formatting means 15D outputs the parameters 6 of the risk
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profile to the outside.
[0084]

In the above description, they are examples introduced to facilitate the description
that the number of kinds of events is 10, the number of events follows a Poisson distribution,
and the amount of loss follows a log normal distribution, but do not limit the present invention.
The risk is not limited to an operational risk, and the present invention can be applied to other

risks. Moreover, this exemplary embodiment can be changed in the following manner.

[0085]
[Modified Example of First Exemplary Embodiment]
[0086]

The generator distribution regulating unit 15B may have a function of interpreting
indispensable conditions in the input information 14A, and generating model information of a
risk profile P(X;8) used for solution of an optimization problem and model information of a
probability distribution P(6;n) of a parameter set 8, from the model information 14A1 of the
risk profile P(X;0) and the model information 14A2 of the probability distribution P(8;1) of
the parameter set ¢ in the input information 14A, so that the indispensable conditions are
satisfied.

0087}

For example, the generator distribution regulating unit 15B may have a function of

generating the model information 14A1 and 14A2 in the input information 14A shown in Fig.

7, from the input information 14A as shown in Fig. 8.
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[0088]

The input information 14A shown in Fig. 8 includes indispensable conditions 14A4 as
shown below:

(1) the range of event content is {event content 1, ..., event content 10}; and
(2) the mean of the numbers of events having event content k is 2.
[0089]

The generator distribution regulating unit 15B recognizes that the range of event
content is 10 from the indispensable condition (1), and adds information k=1, ..., k=10 to the
model information 14A1A of the risk profile P(X;0) in Fig. 8, thereby generating the model
information 14A1A shown in Fig. 7.

[0090]

Further, the generator distribution regulating unit 15B interprets the indispensable
condition (2}, determines that the first component of the mean vector of the multidimensional
normal distribution of (A, pk,ck) in the model information 14A2 of the probability distribution
P(0;m) of the parameter set 6 has a value of 2 and the first row and the first column of the
covariance matrix have a value of 0, and determines that a parameter e6 in the model
information 14A2A in Fig. 8 is 2 and parameters ¢7, ¢8 and ¢9 are 0, thereby generating the
model information 14A2 shown in Fig. 7.

[6091]

Further, as another modified example, the output formatting unit 15D may have a

function of outputting information as shown below, instead of the value of the parameter set 0

included in the output information 14C or in addition to the value of the parameter set 6, to the
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screen displaying unit 13 or outputs through the communication I/F unit 11.
[0092]

For example, the output formatting unit 15D outputs a set of X sampled in accordance
with a risk profile P(X:0) with the value of a parameter set 8§ included in the output
information 14C substituted into the model information 14A1. Alternatively, the ouiput
formatting unit 15D may output feature values of a scale distribution and a frequency
distribution of an event content A"c and a feature value such as VaR of the risk profile P(X;0),
or as a special case, may output the feature values of the frequency distribution and the scale
distribution of each event content together with the event content. Moreover, the output
formatting unit 15D may output them in combination. A more specific description will be
made below.

[0093]

For example, assuming that the frequency distribution of the event content A'c is a
Poisson distribution, the scale distribution of the event content A"c is a normal distribution
with a mean parameter Os_pt"c and a standard deviation parameter 8s_c"c, the range of event
contents is {A"1, A"2} = {Tokai earthquake, bank transfer scam}, and 8 = (8{"1, &s_u"1, 6s_o"1
012, Bs_u"2, 0s_c"2), finally obtained 6 shall be a value of 6 = (1, 3, 200 million, 30 million, 1
million, 0.5 million). That is to say, a risk profile P(X;8) is generated such that the frequency
distribution of Tokai earthquake is a Poisson distribution with a mean of 1, the scale
distribution of Tokai earthquake is a normal distribution with a mean of 200 million and a
standard deviation of 30 million, the frequency distribution of bank transfer scam is a Poisson

distribution with a mean of 3, the scale distribution of bank transfer scam is a normal

>
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distribution with a mean of 1 million and a standard deviation of 0.5 million.
[0094]

In this case, the output formatting unit 15D may output the generated value of 0 asit
is, or may output a feature value such as VaR of P(X;6). Moreover, the output formatting unit
15D may output the result of sampling from P(X;0), the mean as a feature value of a frequency
distribution of an event content, the mean -+ standard deviation x 2 (this become a mean
having a safety margin for 2 sigma) as a feature value of a scale distribution, and additionally
the event content, in a form as shown in Fig. 9. Needless to say, the output formatting unit 15D
may output any value as a feature value. For example, the output formatting unit 15D may
output a desired one of feature values of P(X; 0) other than the feature values of the frequency
distribution and scale distribution of the event content. In order to calculate a feature value that
it is desired to output from P(X;0), the output formatting unit 15D is made to have a function
of calculating it. When there are a plurality of 8, it is desirable to output after classifying
feature values relating to different 8 so that they can be clearly distinguitshed. Moreover, the

output formatting unit 15D may output the value of 1y

[0095]
[Second Exemplary Embodiment]
Next, with reference to Fig. 10, a risk profile generation device 2 according to a
second exemplary embodiment of the present invention will be described in detail.
[0096]

The risk profile generation device 2 according to this exemplary embodiment has a
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function of generating many risk profiles that almost satisfy a specific condition.
[0097]

This risk profile generation device 2 has, as major function units, a communication
I/F unit 21, an operation inputting unit 22, a screen displaying unit 23, a storing unit 24, and a
processor 23,

[0098]

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 of the first exemplary
embodiment.

[0099]

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 is a
program loaded into and executed by the processor 25 to realize various kinds of processing
units, and 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 stored into the storing unit 24. Major processing information stored in the storing
unit 24 is input information 24A, interim information 24B, and output information 24C.

[0100]
The input information 24A is information inputted from the communication I/F unit

21 and the operation inputting unit 22. Fig. 11 is an example of the configuration of the input
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information 24A. The input information 24A of this example is composed of model
information 24Ai of a risk profile P(X;0), a probability distribution P(0;n) 24A2 of a
parameter set 0, a plurality of required conditions 24A31 to 24A3m, and weight information
24A4,
[0101]

The model information 24A1 of the risk profile P(X;8), the probability distribution
P(0;n) 24A2 of the parameter set 0, and the required conditioﬁs 24A31 to 24A3m are the same
as the model information 14A1 and 14A2 and the required condition 14A3 shown in Fig. 2 in
the first exemplary embodiment. However, in this exemplary embodiment, two or more
required conditions exist.

[0102]

The weight information 24A4 is a weighting factor for each of the required conditions
24A31 to 24A3. The sum of all of the weighting factors is equal to 1. Moreover, when a new
probability distribution P(8in_N) is geperated by internal division, a weighting factor has a
value equal to or more than 0 and equal to or less than 1. Moreover, when a new probability
distribution P(8[n_N) is generated by external division, a weighting factor has a value other
than the value equal to or more than 0 and equal to or less than 1.

[0103]

The interim information 24B is interim information generated in the process of
calculation by the processor 25. Fig. 12 is an example of the configuration of the interim
information 24B. The interim information 24B in this example is composed of a plurality of

values 24B11 to 24B1m of a parameter set n, and a probability distribution P(6n_N) 24B2
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generated based on the plurality of values 24BI11 to 24B1m of the parameter set i and the
weight information 24A4.
[0104]

The output information 24C is information on a risk profile generated in the
calculation by the processor 25. Fig. 13 is an example of the configuration of the output
information 24C. The output information 24C in this example is composed of a plurality of
values 24C1 to 24Cn of the parameter set 6.

[0105]

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
realize various kinds of processing units by causing the hardware and the program 24P to work
in cooperation with each other. Major processing units realized by the processor 25 are an
input storing unit 25A, a generator distribution regulating unit 25B, a risk profile sampling
unit 25C, an output formatting unit 25D, and a generator distribution coupling unit 25E.

[0106]

The input storing unit 25A has a function of storing information mnputted from the
communication I/F unit 21 or the operation inputting unit 22 as the input information 24A into
the storing unit 24, in the same manner as the input storing unit 15A of the first exemplary
embodiment.

[0107]
The generator distribution regulating unit 25B, in the same manner as the generator

distribution regulating unit 15B of the first exemplary embodiment, has a function of loading
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the input information 24A and calculating a value of the parameter set m in the model
information 24A2 such that a risk profile specified by applying values of the parameter set 6
generated in accordance with a probability distribution P(8:7) to the model information 24A1
satisfies the required conditions with a higher probability. However, the generator distribution
regulating unit 25B calculates, for each of the required conditions 24A31 to 24A3m, values
24B11 to 24BIm of the parameter set 1 that satisfy the required condition with a higher
probability, and stores as the interim information 24B into the storing unit 24,

[0108]

The generator distribution coupling unit 25E has a function of loading the input
information 24A and the interim information 24B and generating a probability distribution
P(6in_N) from the values 24B11 to 24B1m of the parameter set ) calculated for the respective
required conditions and the weight information 24A4.

[0109]

When it is supposed to describe the respective weights of the required conditions
24A31 to 24A3m as W_1 to W_m, describe the values 24B11 to 24B Im of the parameter set n
calculated for the required conditions 24A31 to 24A3m as n_! to _m, and describe probability
distributions such that r_1 to n_m are applied to the model information 24A2 of the probability
distribution as P(8;n_1) to P(0;n_m), the generator distribution coupling unit 25E generates the
probability distribution P(6jn_N}) by methods as described below, for example.

[0110]
(1) Generation by Coupling Parameters

In this generation method, a value obtained by weighted summation of the values of
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the parameter set 1 calculated for the respective required conditions by using the weighting
factors is applied to model information of a _proiﬁability distribution, whereby the probability
distribution of the parameter set 0 is generated:

Probability distribution P(8n_N) = P(On_1xW_I +, ..., + _mxW_m),

where the weighted summation of the parameters is executed on the same kind of
parameters. For example, assuming one parameter in the parameter set 1| defined by the model
information 24A2 of the probability distribution P(6:m) is el and parameters corresponding to
the el inm_1 to n_m are el1 to elim, the value of the el of the probability distribution P(8|r_N)
is calculated as el 1xW_1 +, ..., + elmxW_m.
(2) Generation by Mixture of Distributions

In this generation method, probability distributions of the parameter set 6 for the
respective required conditions generated by applying the values of the parameter set 7
calculated for the respective required conditions to model information of a probability
distribution are mixed by using the weighting factors, whereby the probability distribution of
the parameter set 8 is generated:

Probability distribution P(8n_N)} = P(6n_1) x W_1 +, ..., + P(Ojn,_m) x W_m,
(3) Generation by Exponential Mixture of Distributions

In this generation method, probability distributions of the parameter set 6 for the
respective required conditions generated by applying the values of the parameter set n
calculated for the respective required conditions to model information of a probability
distribution are subjected to exponential mixture by using the weighting factors, whereby the

probability distribution of the parameter set 0 is generated:
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Probability distribution P(Bjn_N) = P(Bm_1)"W_1 x, ..., x P(8n_m)"W_m x C(n_N),

where C(m_N) is a normalization constant by which the sum of all probabilities
becomes 1.

[0111]

The risk profiling sampling unit 25C has a function of loading the interim information
24B and repeatedly generating a value of the parameter set 6 in accordance with the
probability distribution P(6in_N) in the interim information 24B. Generation of the value in
accordance with a specific probability distribution may be performed by any method. Because
performing sampling based on the distribution P(6;n_N) of a random variable 68, the risk
profiling sampling unit 25C can generally obtain different 8 every time performing the
sampling. Moreover, the risk profile sampling unit 25C has a function of storing the generated
values 24C1 to 24Cn of the parameter set 0 as the output information 24C into the storing unit
24.

[0112]

The output formatting unit 25D has a function of loading the values of the parameter
set 8 included in the output information 24C, and outputting as a final result to the screen
displaying unit 23 or to the outside via the communication I/F unit 21. The output formatting
unit 25D may output for what generation distribution the result is, the value of the weighting
factor, and so on, as additional information. Moreover, in the same manner as described in the
modified example of the first exemplary embodiment, the output formatting unit 25D may
have a function of outputting another kind of data, instead of the values of the parameter set 6

or in addition to the values of the parameter set 6, to the screen displaying unit 23 or to the
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outside via the communication I/F unit 21.
[0113]

Next, with reference to Fig. 14, an operation of the risk profile generation device 2
according to this exemplary embodiment will be described.
[0114]

First, the input storing unit 25A inputs therein the model formula 24A1 of the risk
profile P(X;0), the model formula 24A2 of the probability distribution P(0;n) of the parameter
set 8, the plurality of required conditions 24A31 to 24A3m and the weight information 24A4
from the communication I/F unit 21 or the operation inputting unit 22, and stores as the input
information 24A into the storing unit 24 (step S31).

[0115]

Next, the generator distribution regulating unit 25B: loads the model formula 24A71 of
the risk profile P(X;8), the model formula 24A2 of the probability distribution P(6;n) of the
parameter set 0 and the plurality of required conditions 24A31 to 24A3m from the storing unit
24 for the respective required conditions 24A31 to 24A3m, calculates the values of 24B11 to
24B1m of the parameter set iy such that the risk profile P(X;0) determined by values of the
parameter set 8 generated in accordance with the probability distribution P(9;n) satisfies the
required cénditions with a higher probability; and stores as the interim information 248 into
the storing unit 24 (step S32).

[0116]
Next, the generator distribution coupling unit 25E loads the mput information 24A

and the interim information 24B, generates a new probability distribution P8 N) from the
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values 24B1I to 24Blm of the parameter set n calculated for the respective required
conditions, and stores as the output information 24C into the storing unit 24 (step S33).
[0117]

Next, the risk profile sampling unit 25C loads the generated probability distribution
P(6in_N), repeatedly generaies values of the parameter set & in accordance with the probability
distribution P(8i_N), and stores the generated values 24C1 to 24Cn of the parameter set 8 as
the output information 24C into the storing unit 24 (step S34).

[0118]

Finally, the output formatting unit 25D loads the generated values 24C1 to 24Cn of
the parameter set 8 from the storing unit 24, and outputs as a final result to the screen
displaying unit 23 or to the outside via the communication I/F unit 21 (step S35).

[0119]

Thus, in this exemplary embodiment: a probability distribution P(8;m) of a parameter
set @ is used {1 is the parameter of this probability distribution); for each of the required
conditions 24A31 to 24A3m, a parameter set 1} such that a probability that the parameter set 0
satisfies the required condition becomes higher is calculated; a new probability distribution
P(6;mN) is generated from the parameter sets w calculated for the respective required
conditions and the weights for the respective required conditions; and the parameter set 8 is
generated in accordance with the generated probability distribution P(8;mN). Accordingly, it is
possible to generate many risk profiles satisfying a specific condition within a practical time
with a realistic resource. The reasons are as shown below:

(1) because the number of parameters configuring the parameter set 1 is made to be smaller
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than that of the parameter set @, it is possible to regulate the parameter set 1 for each required
condition within a practical time with a realistic resource;

(2) generation of the probability distribution P(8;nN) from the parameter sets i calculated for
the res;aeétive required conditions and the weights for the respective required conditions, and
sampling of the parameter set 8 in accordance with this probability distribution P(8;nN) can be
performed with a realistic resource; and

(3) once generating the probability distribution P(6;mN), it is possible only by repeatedly
sampling the parameter set 6 according to the probability distribution P(8:mN) to obtain
various parameter sets 6 that satisfy, with a high probability, a specific condition determined
by combination of the plurality of required conditions 24A31 to 24A3m, the weight
information 24A4 therefor and a method for generating the probability distribution P(6;nN),
namely, various risk profiles P(X;0}.

[0120]

Next, with a specific example, the operation in this exemplary embodiment will be
described in more detail.
[0121]

A specific example of the input information 24A is shown in Fig. 15. With reference
to Fig. 15, the model information 24A1 of the risk profile P(X;0) and the model information
24A2 of the probability distribution P(8;1) are the same as the model information 14A1 of the
risk profile P(X:0) and the mode! information 14A2 of the probability distribution P(6:) in
Fig. 7 showing the specific example of the first exemplary embodiment.

[0122]
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FUrthér, in the input information 24A, the following two required conditions 24A31
and 24A32 are designated:
(1} a scale distribution is an exponential distribution of a mean parameter 2; and
(2) a scale distribution is an exponential distribution of a mean parameter 10.
[0123]

Further, in the weight information 24A4 of the input information 24A, the following
six sets of weighting factors are designated:
(H(W_1,W2)=(0.0,1.0)
(2) (W_i, W_2)=(0.2, 0.8)
(3H(W_1,W2)=(04,0.6)
(4 (W_1, W.2)=(0.6,0.4)
(5) (W_1, W_2)= (0.8, 0.2}
(6) (W_1, W_2)= (1.0, 0.0}
[0124]

When the input information 24A as shown in Fig. 15 is stored into the storing unit 24
by the input storing unit 25A, the generator distribution regulating unit 25B firstly calculates a
value 1_1 of the parameter set n such that the risk profile P(X:0) determined by a value of the
parameter set 8 generated in accordance with the probability distribution P(6:n) satisfies the
required condition 24A31 with a higher probability, and stores into the storing unit 24. In the
same manner, the generator distribution regulating unit 258 calculates a value 1 2 of the
parameter set 1 such that thé risk profile P(X;0) determined by a value of the parameter set 8

generated in accordance with the probability distribution P(8;n) satisfies the required condition
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24A32 with a higher probability, and stores into the storing unit 24.
[0125]
Next, the generator distribution coupling unit 25E generates six probability
distributions P(8n N1) to P(BIn_N6) from the values n_1 and n_2 of the parameter set n
5 calculated for the required conditions 24A31 and 24A32 and the six sets of weighting factors
in the weight information 24A4, and stores as the output information 24C into the storing unit
24,
fo126]
For example, in the case of using the generation method by coupling of parafneters,,
10 the generator distribution coupling unit 25E generates the following six probability
distributions P(8n_N1) to P(8in_N6):
probability distribution P(Oq_N1) = P(Bn_1x0 + n_2x1) =P(On_2)
probability distribution P(6in_N2) = P(8ln_{x0.2 + 1.2x0.8)
probability distribution P(8jn_N3) = P(8in_1x0.4 +1n_2x0.6)
15 probability distribution P(0j_N4) = P(8n_1>0.6 + 1n_2x0.4)
probability distribution P(6jn_N5) = P(Bn_1x0.8 + 1. 2x0.2)
probability distribution P(6in_N6) = P(8in_Ix1 +n_2x0) = P(6in_1).
[0127]
Further, for example, in the case of using the generation method by mixture of
20 distributions, the generator distribution coupling unit 25E generates the following six
probability distributions P(8n_N1) to P(6in_N6):

probability distribution P(8jn_N1) = P(0in_1)»0 + P(6in_2)=x1 = P(6n_2)
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probability distribution P(6m_N2) = P(8in_1)x0.2 + P(8in_2)x0.8

probability distribution P(8jn N3) = P(8n_1)x0.4 + P(0n_2)=0.6

probability distribution P(6jn_N4) = P(6n_1)»0.6 + P(8|n_2)x0.4

pfobability distribution P(8n_N5) = P(81.1)x0.8 + P(6jn_2)=x0.2

probability distribution P(8jn_N6) = P(8n_1)*1 + P(8jn_2)x0 = P(8jn_1}.

[0128]

Further, for example, in the case of using the generation method by exponential
mixture of distributions, the generator distribution coupling unit 25E generates the following
six probability distributions P(8in_N1) to P(8in_N6):

probability  distribution P8 N1} = PO D Ox<P@E 2 IxCHh NI =
P(Bin 2)*C(n.N1)

probability distribution P(8in_N2) = P(8jn_1)"0.2xP(6n_2)"0.8xC(7_N2)

probability distribution P(8in_N3) = P(8n_1)0.4xP(8n_2)"0.6xC(n_N3)

probability distribution P(6n_N4) = P(8in_1)0.6xP(61.2)"0.4xC{n_N4)

probability distribution P(6jn_N5) = P(6]n_1)"0.8xP(8jn_2)"0.2xC(n_N5)

probability  distribution  P(O.N6) = P(@in. 1) 1xP(6n.2)"0xC(n_N6y =
P(8n_1)xC(n_N6).

[0129]

Next, for each of the six probability distributions P(6in N1} to P(Bn_N6). the risk
profile sampling unit 25C generates a necessary number of parameters 8 of the risk file, 8 =
((Al,pl,ol), ..., (A10,n10,610)) in accordance with the probability distributions, and stores as

the output information 24C into the storing unit 24.
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[0130]

After that, the output formatting unit 25D outputs the parameters 0 of the risk profile
to the outside.
[0131]

As apparent from the specific example described above, according to this exemplary
em.quiment, by using a plurality of weighting factors such that the ratios of weighting factors
corresponding to the plorality of required conditions 24A31 to 24A3m are slightly different
from each other, it is possible to efficiently generate many risk profiles such that conditions to
satisfy ére slightly different from each other.

[0132]

In actual risk analysis, an operation of generating a risk profile satisfying a specific

condition is repeatedly executed by changing the condition little by little, so that it is possible

to increase the efficiency of such an operation according to this exemplary embodiment.

[0133]
[Third Exemplary Embodiment]

| With reference to Fig. 16, a risk profile generation device 3 according to a third
exemplary embodiment of the present invention is connected to a risk weighing device 5 via a
communication line 4. The risk profile generation device 3 according to this exemplary
embodiment has, in addition to the function of generating a risk profile that almost satisfies a
specific condition, a function of testing the accuracy of estimation of the risk weighing device

5 by the generated risk profile.
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[0134]

The risk weighing device 5 is a device which inputs therein fragmentary information
on a risk profile P(X), weighs (estimates) a feature value (e.g., VaR) of the risk profile P(X)
from this inputted data, and outputs. In the actual use environment of the risk weighing device
5, fragmentary information inputted into the risk weighing device 5 is on an unknown risk
profile P(X). However, it is impossible to judge the accuracy of weighing of the risk weighing
device 5 by using fragmentary information on an unknown risk profife P(X). It is because,
when a risk profile is unknown, a correct value thereof is also unknown. Then, in the test '
erwirom;nem of the risk weighing device 5, as fragmentary information inputted into the risk
weighing device 5, information on a known risk profile P(X), namely, a risk profile generated
by the risk profile generation device 3 is used.

[0135]

The risk profile generation device 3 has the same risk profile generation function as
the risk profile generation devices 1 and 2 according to the first and second exemplary
embodiments. Moreover, the risk profile generation device 3 has a function of calculating
inputting test data and a correct value of a risk amount from a generated risk profile, a function
of inputting the calculated inputting test data into the risk weighing device 5 via the
communication line 4, and a function of comparing the risk mount outputted from the risk
weighing device 5 and the correct value of the risk amount calculated from the risk profile.
[0136] |

The communication line 4 is formed by a communication cable, a LAN, a WAN, the

Internet, or the like.
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[0137]

Below, the risk profile generation device 3 will be described in detail.
[0138]

With reference to Fig. 17, the risk profile generation device 3 has, as major function
units, a communication I/F unit 31, an operation inputting unit 32, a screen displaying unit 33,
a storing unit 34, and a processor 35.

[0139]

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
inputting unit 12 and the screen displaying unit 13 in Fig. 1 in the first exemplary
embodiment.

(0140}

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 is a
program loaded into and executed by the processor 35 to realize various kinds of processing
units, and previously loaded and stored into the storing unit 34 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. Major processing information stored in the storing unit
34 is risk profile generation relevant information 34D, test data 34E, and a test result 34F.
[0141]

The risk profile generation relevant information 34D is the same as the input
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information 14A, the interim information 14B and the output information 14C in Fig. 1 in the
first exemplary embodiment. Alternatively, the risk profile generation relevant information
34D is the same as the input information 24A, the interim information 24B and the output
information 24C in Fig. 10 in the.second exemplary embodiment.

[0142]

The test data 34E is data used for a test of accuracy of the risk weighing device 5. Fig.
18 shows an example of the configuration of the test data 34E. The test data 34E of this
example is comppsed of inputting test data 34E1 and a correct value 34E2 of a risk amount.
[0143]

The inputting test data 34E1 is composed of one or more sequences X 34E11 of loss
events, a mean 34E12 of a frequency distribution for each event content, and a mean 34E13 of
a scale distribution for each event content. All of the data configuring the inputting test data
34E] are generated based on a risk profile P(X;0) generated in the operation by the processor
35. The kind of the inputting test data 34E1 varies depending on what kind of input data on the
risk profile (X;0) the risk weighing device 5 requires. Therefore, the test data 34El is not
limited to.the data of the kinds shown in Fig. 18.

[0144]

The risk amount correct value 34E2 is a true risk amount of the risk profile P(X;0)
generated in the operation by the processor 35, The kind of the risk amount varies depending
on what risk amount about the risk profile (X;0) the risk weighing device 5 outputs as output
data. For example, in a case that the risk weighing device 5 is a device which outputs 99.9%

VaR of the risk profile (X;0) as a risk amount, the correct vaiue 34E2 of the risk amount 1s
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generated.
[0145]

The test result 34F is the result of a test of the estimation accuracy of the risk
weighing device 5 based on a comparison result between the risk amount oﬁtpuﬁed by the risk
weighing device 5 and the correct value 34E2 of the risk amount
[0146]

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 cause
the hardware and the program 34P to operate in cooperation with each other so as to realize
various kinds of processing units. Major processing units realized by the processor 35 are a
risk profile generating unit 35F, a test data generating unit 35G, and a comparing unit 35H.
[0147]

The risk profile generating unit 35F has the respective functions of the input storing
unit 15A, the generator distribution regulating unit 15B and the risk profile sampling unit 15C
shown in Fig. | in the first exemplary embodiment. Alternatively, the risk profile generating
unit 35F may have the respective functions of the input storing unit 25A, the generator
distribution regulating unit 25B, the risk profile sampling unit 25C and the generator
distribution coupling unit 25E shown in Fig. 10 in the second exemplary embodiment.

[0148}

The test data generating unit 35G has a function of loading the risk profile generation

relevant information 34D, calculating the test data 34E of the risk weighing device 5 from a

risk profile specified by applying a value of a generated parameter set 0 to model information
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of a risk profile, and storing into the storing unit 34. Moreover, the test data generating unit
35G has a function of loading the inputting test data 34E1 in the test data 34E from the storing
unit 34, and transmitting to the risk weighing device 5 via the communication line 4 by the
communication I/F unit 31.

[0149]

The comparing unit 35H has a function of r a risk amount estimated by the risk
weighing device 5 from the communication I/F uvnit 31, comparing with the correct value
34E2 of the risk amount in the test data 34E stored in the storing unit 34, and storing the test
result 34F including the result of the compﬁrison and so on into the storing unit 34D.
Moreover, the comparing unit 35H has a function of retrieving the test result 34F from the
storing unit 34, and outputting to the screen displaying unit 33 or to the outside through the
communication I/F unit 31.

[0150]

Next, with reference to Fig. 19, an operation of the risk profile generation device 3
according to this exemplary embodiment will be described.
[0151]

First, the risk profile generating unit 35F executes a process similar to steps S1 to §3
in Fig. 5 in the first exemplary embodiment or steps S31 to 34 in Fig. 14 in the second
exemplary embodiment, thereby generating values of a parameter set 8, namely, a risk profile
P(X:0) (step 541).

[0152]

Next, the test data generating unit 35G generates the test data 34E including the
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inputting test data 34E1 and the risk amount correct value 34E2 of the risk weighing device 5
from the generated risk profile P(X:8), and stores into the storing unit 34 (step S42). A process
of generating this test data 34E will be described in detail later.

[0153]

Next, the test data generating unit 35G transmits the generated inputting test data
34E1 to the risk weighing device 5 through the communication line 4 via the communication
I/F unit 31 (step S43).

[0154]

The risk weighing device 5 receives the inputting test data 34E1 transmitted through
the communication line 4 from the risk profile generation device 3, estimates a frequency
distribution and a scaie distribution for each event content from this received inputting test
data 34E1, for example, and estimates a risk amount by the estimated frequency distribution
and scale distribution. For example, if outputting 99.9% VaR as a risk amount, the risk
weighing device 5 estimates the risk amount by the Monte Carlo simulation. In this estimation
method, for each event content, the risk weighing device 5 generates the number of events by
pseudorandom numbers following the estimated frequency distribution, generates the amount
of loss by the generated number by pseudorandom, and obtains the total amount, thereby
calculating one total loss distribution, whereby one total loss amount is calculated. The risk
weighing device 5 sorts total loss amounts obtained by repeatedly executing this caiculation
several thousand to several million times in descending order, and calculates the lower 99.9-
percentile point as the risk amount. Such a risk weighing method is generally called loss

distribution approach. A risk weighing device using the loss distribution approach is described
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in various literatures such as Patent Document 2.
[0155]

When the risk weighing device 5 transmits the estimated risk amount to the risk
profile generation device 3 via the communication line 4, the comparing unit 35H of the risk
profile generation device 3 receives this risk amount through the communication I/F 31 (step
S44).

[0156]

Next, the comparing unit 35H compares the received risk amount with the risk
amount correct value 34E2 in the test data 34E, and stores the result of the comparison as the
test result 34F into the storing unit 34 (step S45). In the comparison process, the comparing
unit 35H performs, for exampie, comparison of a magnitude relation and calculation of
diversity of values. After that, the comparing unit 35H retrieves the test result 34F from the |
storing unit 34, and displays on the screen displaying unit 33 or outputs to the outside through
the communication I/F unit 31 (step $46).

[0157]

Next, with reference to Fig. 20, a process of generating the test data 34E will be
described in detail.
[0158]

With reference to Fig. 20, the test data generating unit 35G firstly reads the values of
the parameter set 6 generated by the risk profile generating unit 35F from the risk profile
generation relevant information 34D (step S51).

[0159]
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Next, the test data generating unit 35G calculates a mean 34E12 of the frequency
distribution and a mean 34E13 of the scale distribution for each event content, and stores as
part of the inputting test data 34E1 into the storing unit 34 (step S52). Because the values of
the parameter set 6 have been determined, the frequency distribution and scale distribution for
each event content are uniquely determined by applying the determined values of the
parameter set 6 to model information of a risk profile P(X;6). For example, a frequency
distribution for each event content of the model information 14A1 of the risk profile P(X:8) in
Fig. 7 is uniquely determined as a Poisson distribution with Ak in the parameter set 8 as a
mean, and a scale distribution for each event content is uniquely determined as a log normal

distribution with pk and ok in the parameter set 8 as a log mean and a log standard deviation.

" Therefore, by generating a plurality of pseudorandom numbers following a determined

frequency distribution and calculating the mean, it is possible to calculate the mean of the
frequency distribution. Moreover, by generating a plurality of pseudorandom numbers
following a determined scale distribution and calculating the mean, it is possible to calculate
the mean of the scale distribution.

[0160]

Next, the test data generating unit 35G generates the one or more loss event
sequences 34E11, and stores as part of the inputting test data 34E1 into the storing unit 34
(step S53). Because the values of the parameter set 8 have been determined as described above,
the frequency distribution and the scale distribution for cach event content are uniquely
determined. By generating the number of times of occurrence of a certain event content by

pseudorandom numbers following the frequency distribution, and generating loss amounts of
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the event content by pseudorandom numbers following the scale distribution by the generated
number of times of occurrence, it is possible to generate a sequence of loss events during a
holding period of the event content. By executing the same process on all of the event contents
and combining all, it is possible to generate sequences of loss events during the holding period.
Moreover, by repeatedly executing the process of generating the sequences of loss events
during the holding period plural times, it is possible to generate sequences of loss events
during a period several times the holding period.

[0161]

Finally, the test data generating unit 35G generates the risk amount correct value
34E2 and stores into the storing unit 34 (step S54). Because the frequency distribution and the
scale distribution for each event content have been determined as described above, it is
possible to easily calculate the risk amount correct value. For example, if calculating 99.9%
VaR as the risk amount, the test data generating unit 335G calculates by the following
procedure, for example. Firstly, the test data generating unit 35G generates the number of
events by pseudorandom numbers following the frequency distribution for each event content,
generates Joss amounts by the generated number by pseudorandom numbers following the
frequency distribution, and obtains the total amount thereof, thereby calculating one total loss
amount. Next, the test data generating unit 35G sorts total loss amounts obtained by repeatedly
executing the abovementioned calculation several thousand to several million times in
descending order, and calculates the lower 99.9 percentile point as the risk amount correct
value.

[0162]



10

15

20

55

Thus, according to the risk profile generation device 3 of this exemplary embodiment,
it is possible to generate a risk profile which almost satisfies a specific condition, and test the

estimation accuracy of the risk weighing device 5 by using this generated risk profile.

[0163]
[Modified Example of Third Exemplary Embodiment]
[0164]

The abovementioned calcuiation method 1s one example, and the mean of a frequency
distribution and the mean of a scale distribution for each event content, one or more sequences
of loss events, and the risk amount correct value may be calculated by another method.

[0165]

For example, because an event content such that the calculated means of the
frequency distribution and the scale distribution are less than preset thresholds has a minor
influence on a risk amount of an estimation result, the calculated means may be excluded from
the inputting test data 34E1. For the same reason, a ioss event such that a loss amount is less
than a preset value may be excluded from the generated sequence of loss events;

[0166]

Further, as the mean of a scale distribution, “mean + standard deviation x 2" as a

mean having a safety margin for 2 sigma may be used.
[0167]
Further, in actual operation of the risk weighing device 5, data is manually inputted

into the risk weighing device 5, and hence, there is a fear that the quality of the inputted data
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varies, for example, the number of inputted loss event sequences is smaller than a determined
number, or any error is mixed in the inputted data. Therefore, for the purpose of testing how
accurately the risk weighing device 5 can estimate the risk amount for what quality of data is
inputted, the generated inputting test data 34E1 may be processed so as to satisfy an input data
quality designated under a test condition inputted through the operation inputting unit 32 or
the like. For example, if it is designated that the number of loss event sequences is seven, the
mean of a frequency distribution for each event content is inputted as zero by mistake with a
probability of 10%, and the mean + 2xstandard deviation of a scale distribution is inputted as a
20%-smaller value with a probability of 5%, the test data generating unit 35G may generate
seven sequences of loss events, process the means of the frequency distribution and the scale
distribution for each event content so as to satisfy a designated condition, and store into the
storing unit 34,

[0168]

Further, in the third exemplary embodiment, a test on the risk weighing device 3 has
been performed by generating one risk profile P(X;6) that almost satisfies a specific condition
(e.g.. a scale distribution is an exponential distribution of a mean parameter 2) and generating
one test data 34E corresponding to this generated risk profile P(X;8). However, the test may be
repeatedly performed by generating various risk profiles P(X;0) that almost satisfy the specific
condition or by generating various test data under a certain risk profile P(X;8). In this case, it
is not necessary to repeat the whole process described above, and it is enough to repeat only a
necessary range of the process. For example, in the case of repeatedly performing the test by

using various test data under the same risk profile P(X;0), it is enough to repeat steps S42 to
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S46 in Fig. 19. Moreover, in the case of repeatedly performing the test by generating various
risk profiles P(X:6) that satisfy the same specific condition, it is enough to repeat from the
sampling a parameter 8 following a probability distribution P(8;n) by using a once optimized
parameter set 1. This can also be realized by initially outputting a plurality of results of the
sampling of the 0 as an output from the risk profile generating unit 35F.

{0169]

Further, an example of performing the test under a specific condition (e.g., a scale
distribution is an exponential distribution of a mean parameter 2) has been described in the
third exemplary embodiment, but the test may be performed many times by changing a
specific condition little by little. In this case, by using the risk profile generation method
according to the second exemplary embodiment, by which it is possible to efficiently generate
many risk profiles P(X;0) with conditions slightly different from each other, it is possible to

efficiently perform the test. Below, a specific example thereof will be described.

{01707
[Specific Example of Test]

For example, a test as described below shall be performed.
(1} inputs into the risk weighing device 5 to be tested are a set of loss event sequences from a
risk profile, the mean of a frequency distribution for each event content, and the mean +
2xstandard deviation of a scale distribution;
(2) 50 sets of test data are generated under the same risk profile P(X;0) and the test is

repeatedly executed thereon;
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(3) under a generator distribution P(8:m_N1) almost satisfying a condition “a scale distribution
is an exponential distribution of a mean parameter 10,” a generator distribution P(6;n_N6)
almost satisfying a condition “a scale distribution is an exponential distribution of a mean
parameter 2,” and each of generator distributions P(6;n_N2), P(6;n_N3), P(0:n_N4) and
P(0;n_N5) generated by coupling parameters 1.2 and n_1 of the generator distributions
P(8;m_N1) and P(6;n_N6) by a weighting factor, 100 sets of risk profiles P(X;8) are generated
and the test 1s repeatedly executed thereon; and

{4) as the quality of the input data, the number of samples is seven, the mean of a frequency
distribution for each event content is inputted as zero by mistake with a probability of 10%,
and the mean + 2xstandard deviation of a scale distribution is inputted as a 20%-smaller value
with a probability of 5%.

[6171]

Firstly, by a method as in the specific example of the second exemplary embodiment,
the risk profile generating unit 35F calculates a parameter set n_2, and generates 100 sets of
risk profiles P(X;8) based thereon.

[0172]

Next, the test data generating unit 35G notes one risk profile P(X;0) of the 100 sets of
risk profiles P(X;0) having been generated.
[0173]

Next, the test data generating unit 35G generates first test data 34E with respect to the
noted risk profile P(X;0). Because the number of loss event sequences is defined as seven as

the quality of the input data, the test data generating unit 35G generates seven loss event
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sequences from the noted risk profile P(3;8). Moreover, the test data generating unit 35G
calculates the mean of a frequency distribution for each event content and the mean +
2xstandard deviation of a scale distribution from the noted risk profile P(X;8). At this moment,
by artificially generating error inputs as designated by the quality of the input data, the mean
of a frequency distribution for each event content becomes zero with a probability of 10%, and
the mean -+ 2xstandard deviation of a scale distribution becomes a 20%-smaller value with a
probability of 5%. Artificial generation of error inputs can be easily realized with
pseudorandom numbers. Mdreover, the test data generating unit 35G calculates a risk amount
correct value from the noted risk profile P(X:8). Then, the test data generating unit 35G stores
them as the inputting test data 34E1 into the storing unit 34.

[0174]

Next, the test data generating unit 35G transmits the loss event sequences in the
inputting test data 34E1, the mean of the frequency distribution for each event content and the
mean + 2xstandard deviation of the scale distribution generated with respect to the noted risk
profile P(X;8), to the risk weighing device 5 through the communication line 4 via the
communication I/F unit 31.

[0175]

Next, upon reception of a risk amount transmitted from the risk weighing device 5
from the communication UF unit 31, the comparing unit 35H compares with the risk amount
correct value in the test data 34E, and stores the result of the comparison as part of the test
result 34F into the storing unit 34..

[0176]
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Next, the test data generating unit 35G executes the same process as the first process
again. Consequently, with respect to the noted risk profile P(X;0), generation of second test
data 34E and test of the risk weighing device 5 using the data are executed, and the result is
recorded into the test result 34F. The same process is repeated until generation of 50™ test data
34E and test of the risk weighing device 5 using the data are completed.

[0177]

When completing the test using the 50 sets of test data on the noted risk profile
P(X;0), the test data generating unit 35G next notes another one risk profile P(X;68) having not
been noted yet among the 100 sets of risk profiles P(X;8) having been generated. Then, with
respect to the newly noted risk profile P(X:0), the test data generating unit 35G again executes
the same process as executed with respect to the previously noted risk profile P(X;0).
Consequently, with respect to the second risk profile P(X;0), the test using the 50 sets of test
data is executed. After that, the same process is repeatedly executed with respect to all of the
remaining risk profiles P(X;0).

10178]

When completing the process using the 50 sets of test data with respect to each of the
100 sets of risk profiles P(X:8) generated based on the parameter set n_2, the risk profile
generating unit 35F calculates the parameter set n_1 and generates 100 sets of risk profiles
P(X:8) based on the parameter set 1.1 by the same method as in the specific example of the
second exemplary embodiment. Then, the test data generating unit 35G repeatedly executes
the same process as the process executed on the 100 sets of risk profiles P(X;0) generated

based on the parameter set n_2, on the 100 sets of risk profiles P(X;6) generated based on the
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parameter set v_1.
[0179]

The same process as the process executed with respect to the 100 sets of risk profiles
P(X;0) generated based on the parameter set 1.2 or n_1 is repeatedly executed with respect to
100 sets of risk profiles P(X;0) generated wisdr-each of the generator distributions P(0;n_N2),
P(0;n_N3), P(0:n_N4) and P(8;m_N5) generated by coupling the parameters n_2 and v_1 of the
generator distributions P(6;n_N1) and P(8;n_N6) by a weighting factor. Consequently, the test
of the risk wei gh'mg device 5 under the abovementioned conditions is completed.

[0180]

Finally, the comparing unit 35H displays the test result recorded in the test result 34F
on the screen displaying unit 33, or outputs from the communication IF unit 31. At this
momenf, the comparing unit 35H may individually output the result of every 50 comparisons
with respect to 100 sets of risk profiles P(X;8) under the same generator distribution P(8;n),
may output an underestimated rate in order to increase the visibility of the 5000 sets of
comparison results, or may display a histogram of divergence. Herein, underestimation is a
case that a risk amount estimated by the risk weighing device 5 is smaller than a correct value.
[0181]

The present invention is based upon and claims the benefit of priority from Japanese
patent application No. 2011-072742, filed on March 29, 2011, the disclosure of which is

incorporated herein in its entirety by reference.

INDUSTRIAL APPLICABILITY
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[0182]

The present invention can be utilized in the field of risk analysis in financial
engineering and reliability engineering. To be specific, the present invention is particularly
advantageous for generating many risk profiles that almost satisfy a specific condition.

[0183]

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

A risk profile generation device including:

a storing means for storing model information of a risk profile defined by a first
parameter set including one or more parameters, model information of a probability
distribution of the first parameter set defined by a second parameter set including one or more
parameters, a plurality of required conditions, and weighting factors of the plurality of
required conditions;

a generator distribution regulating means for calculating a value of the second
parameter set such that a risk profile to be specified by applying a value of the first parameter
set generated in accordance with the probability distribution to the model information of the
risk profile satisfies the required conditions with a higher probability, for each of the required
conditions:

a generator distribution coupling means for generating a probability distribution of
the first parameter set from the value of the second parameter set calculated for each of the

required conditions, the weighting factors, and the model information of the probability
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distribution; and

a risk profile sampling means for generating a value of the first parameter set in
accordance with the generated probability distribution of the first parameter set.
(Supplementary Note 2)

The risk profile generation device according to Supplementary Note 1, wherein the
generator distribution regulating means is configured to solve an optimization problem of
finding a value of the second parameter set such that the risk profile specified by applying the
value of the first parameter set generated in accordance with the probability distribution to the
model information of the risk profile satisfies the required conditions to a maximum degree,
thereby calculating the vaiue of the second parameter set satisfving the required conditions
with a higher probability.

(Supplementary Note 3}

The risk profile generaﬁion device according to Supplementary Note 1 or 2, wherein
the model information of the risk profile has mode! information of a frequency distribution
and a scale distribution of each event content defined by the first parameter set.
{Supplementary Note 4)

The risk profile generation device according to any of Supplementary Notes | to 3,
including:

a test data generating means for calculating inputting test data to be used as an input
into a risk weighing device to be tested, and a risk amount correct value, from the risk profile
specified by applying the generated value of the first parameter set to the model information of

the risk profile; and
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a comparing means for transmitting the calculated inputting test data to the risk

weighing device, receiving a weighed risk amount from the risk weighing device, and

comparing the received risk amount with the risk amount correct value.

(Supplementary Note 5)

The risk profile generation device according to Supplementary Note 4, wherein the
inputting test data includes a sequence of loss events according to the risk profile, a mean of a
frequency distribution of each event content, and a mean of a scale distribution of each event
content.

(Supplementary Note 6)

A risk profile generation method executed by a risk profile generation device
including: a storing means for storing model information of a risk profile defined by a first
parameter set including one or more parameters, model information of a probability
distribution of the first parameter set defined by a second parameter set including one or more
parameters, a plurality of required conditions, and weighting factors of the plurality of
required conditions; a generator distribution regulating means; a generator distribution
coupling means; and a risk profile sampling means,

the risk profile generation method including:

by the generator distribution regulating means, calculating a value of the second
parameter set such that a risk profile to be specified by applying a value of the f{irst parameter
set generated in accordance with the probability distribution to the model information of the
risk profile satisfies the required conditions with a higher probability, for each of the required

conditions;
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by the generator distribution coupling means, generating a probability distribution of
the first parameter set from the value of the second parameter set calculated for each of the
required conditions, the weighting factors, and the model information of the probability
distribution; and

by the risk profile sampling means, generating 2 value of the first parameter set in
accordance with the generated probability distribution of the first parameter set.
(Suppiemgntary Note 7)

The risk profile geﬁeration method according to Supplementary Note 6, including, by
the generator distribution regulating means, solving an oiatimization problem of finding a
vaiue of the second parameter set such that the risk profile specified by applying the value of
the first parameter set generated in accordance with the probability distribution to the model
information of the risk profile satisfies the required conditions to a maximum degree, thereby
calculating the value of the second parameter set satisfving the required conditions with a
higher probability.

(Supplementary Note 8)

The risk profile generation method according to Supplementary Note 6 or 7, wherein
the mode! information of the risk profile has model information of a frequency distribution
and a scale distribution of each event content defined by the first parameter set.
(Supplementary Note 9)

The risk profile generation method according to any of Supplementary Notes 6 to 8,
wherein the risk profile generation device further includes a test data generating means and a

comparing means,
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the risk profile generation method including:

by the test data generating means, calculating inputting test data to be used as an input
into a risk weighing device to be tested, and a risk amount correct value, from the risk profile
specified by applying the generated value of the first parameter set to the model information of
the risk profile; and

by the comparing means, transmitting the calculated inputting test data d to the risk
weighing device, receiving a weighed risk amount from the risk weighing device, and
comparing the received risk amount with the risk amount correct value.

(Supplementary Note 10)

A computer program comprising instructions for causing a computer having a storing
unit for storing model information of a risk profile defined by a first parameter set including
one or more parameters, model information of a probability distribution of the first parameter
set defined by a second parameter set including one or more parameters, a plurality of required
conditions, and weighting factors of the plurality of required conditions, to function as:

a generator distribution regulating means for calculating a value of the second
parameter set such that a risk profile to be specified by applying a value of the first parameter
set generated in accordance with the probability distribution to the model information of the
risk profile satisfies the required conditions with a higher probability, for each of the required
conditions;

a generator distribution coupling means for generating a probability distribution of
the first parameter set from the value of the second parameter set calculated for each of the

required conditions, the weighting factors, and the model information of the probability
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distribution; and
a risk profile sampling means for generating a value of the first parameter set in

accordance with the generated probability distribution of the first parameter set.

DESCRIPTION OF REFERENCE NUMERALS
[0184]

1,2,3 risk profile generation device

11,21, 31 communication I/F unit
12,22,32 operation inputting unit
13, 23,33 screen displaying unit
14, 24, 34 storing unit

14A, 24A input information

14A1, 24A1 model information of risk profile P(X;8)

14A2, 24A2 model information of probability distribution P(0n) of parameter set 0
14A3, 24A31-24A3m  required condition

148, 248 interim information

14B1, 24B11-24B1m value of parameter set

24B2  probability distribution

14C, 24C output information

14C1-14Cn, 24C1-24Cn  value of pararheter set &

34D risk profile generation relevant information

34E test data
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test result

14P, 24P, 34P  program

15, 25,35 processor

15A, 25A input storing unit

15B, 25B generator distribution regulating unit
15C, 25C risk profile sampling unit

15D, 25D output formatting unit

25E generator distribution coupling unit

35F  risk profile generating unit

35G  test data generating unit

35H coﬁlparing unit
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CLAIMS

I. A risk profile generation device comprising:

a memory for storing model information of a risk profile defined by a first parameter
set including one or more parameters, model information of a probability distribution of the
first parameter set defined by a second parameter set including one or more parameters, a
plurality of required conditions, and weighting factors of the plurality of required conditions;
and |

a processor connected to the memory,

wherein the processor is configured to:

calculate a value of the second parameter set such that a risk profile to be
specified by applying a value of the first parameter set generated in accordance with the
probability distribution to the model information of the risk profile satisfies the required
conditions with a higher probability, for each of the required conditions;

generate a probability distribution of the first parameter set from the value of
the second parameter set calculated for each of the required conditions, the weighting factors,
and the model information of the probability distribution; and

generate a value of the first parameter set in accordance with the generated

probability distribution of the first parameter set.

2. The risk profile generation device according to Claim 1, wherein, when the value of

the second parameter set is calculated, an optimization problem of finding a value of the
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second parameter set such that the risk profile specified by applying the value of the first
parameter set generated in accordance with the probability distribution to the model

information of the risk profile satisfies the required conditions to 2 maximum degree is solved.

3. The risk profile generation device according to Claim 1 or 2, wherein the model
information of the risk profile has model information of a frequency distribution and a scale

distribution of a plurality of event contents defined by the first parameter set.

4. The risk profile generation device according to any of Claims 1 to 3, wherein the
processor is further configured to:

calculate inputting test data to be used as an input into a risk weighing device
connected to the processor, and a risk amount correct value, from the risk profile specified by

applying the generated value of the first parameter set to the model information of the risk

profile;
transmit the calculated inputting test data to the risk weighing device;
receive a weighed risk amount from the risk weighing device; and
compare the received risk amount with the risk amount correct value.
5. The risk profile generation device according to Claim 4, wherein the inputting test

data includes a sequence of loss events according to the risk profile, a mean of a frequency

distribution of each event content, and a mean of a scale distribution of each event content.
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6. A risk profile generation method executed by a risk profile generation device
including: a memory for storing model information of a risk profile defined by a first
parameter set including one or more parameters, model information of a probability
distribution of the first parameter set defined by a second parameter set including one or more
parameters, a plurality of required conditions, and weighting factors of the plurality of
required conditions; and a processor connected to the memory,

the risk profile generation method comprising, by the processor:

calculating a value of the second parameter set such that a risk profile fo be specified
by applying a value of the first parameter set generated in accordance with the probability
distribution to the model information of the risk profile satisfies the required conditions with a
higher probability, for each of the required conditions;

generating a probability distribution of the first parameter set from the value of the
second parameter set calculated for each of the required conditions, the weighting factors, and
the model information of the probability distribution; and

generating a value of the first parameter set in accordance with the generated

probability distribution of the first parameter set.

7. The risk profile generation method according to Claim 6, comprising, when
calculating the value of the second parameter set, solving an optimization problem of finding a
value of the second parameter set such that the risk profile specified by applying the value of
the first parameter set generated in accordance with the probability distribution to the model

information of the risk profile satisfies the required conditions to a maximum degree.
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8. The risk profile generation method according to Claim 6 or 7, wherein the model
information of the risk profile has mode} information of a frequency distribution and a scale

distribution of a plurality of event contents defined by the first parameter set.

9. The risk profile generation method according to any of Claims 6 to 8, further
comprising, by the processor:

calculating inputting test data to be used as an input into a risk weighing device
connected to the processor, and a risk amount correct value, from the risk profile specified by

applying the generated value of the first parameter set to the model information of the risk

profile;
transmitting the calculated inputting test data to the risk weighing device;
receiving a weighed risk amount from the risk weighing device; and
comparing the received risk amount with the risk amount correct value.
10. A computer program comprising instructions for causing a processor connected to a

memory for storing model information of a risk profile defined by a first parameter set
including one or more parameters, model information of a probability distribution of the first
parameter set defined by a second parameter set including one or more parameters, a plurality
of required conditions, and weighting factors of the plurality of required conditions, to
perform operations including:

calculating a value of the second parameter set such that a risk profile to be specified



73

by applying a value of the first parameter set generated in accordance with the probability
distribution to the mode! information of the risk profile satisfies the required conditions with a
higher probability, for each of the required conditions;

generating a probability distribution of the first parameter set from the value of the
second parameter set calculated for each of the required conditions, the weighting factors, and
the model information of the probability distribution; and

generating a value of the first parameter set in accordance with the generated

probability distribution of the first parameter set.



