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[DESCRIPTION] 

[Title of Invention] PORTFOLIO CREATION ASSISTANCE DEVICE, 

PORTFOLIO CREATION ASSISTANCE METHOD, AND PORTFOLIO CREATION 

ASSISTANCE SYSTEM 

[Technical Field] 5 

[0001] 

 The present invention relates to a portfolio creation 

assistance device, a portfolio creation assistance method, and 

a portfolio creation assistance system. 

[Background Art] 10 

[0002] 

 There are cases where various financial institutions such 

as insurance companies distribute risks attributable to handling 

instruments by trading multiple instruments relating to the 

handling instruments with other companies and forming appropriate 15 

portfolios.  Note that aforementioned instruments are 

speculative instruments for which risks and returns are expected 

at certain probabilities, and an insurance instrument is an 

example. 

[0003] 20 

 As conventional techniques used to form such a portfolio, 

techniques such as a portfolio optimization method (see Patent 

Literature 1) as follows are proposed.  For example, for an 

efficient frontier calculated on a plane of a risk axis and a return 

axis, a lower limit straight line is calculated from a lower limit 25 

return and a lower limit achievement probability, a portion in 

the efficient frontier where the achievement probability is equal 

to or higher than the lower limit achievement probability is set 

as an effective line portion, a straight line that couples a point 

of target return set on the return axis and a point on the effective 30 

line portion and that has the greatest tilt is calculated as a 

target straight line, and a common point between the target 

straight line and the effective line portion is set as the optimal 

portfolio. 

[0004] 35 
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 Moreover, there are proposed methods such as a method for 

optimizing a portfolio with multiple financial instruments (see 

Patent Literature 2).  This method includes a) step of selecting 

constraints and optimality criteria for a portfolio, b) step of 

obtaining historical information on financial risk factors, c) 5 

step of selecting a model appropriate for simulating the risk 

factors of the portfolio by way of elliptical distribution, based 

on the historical information, d) step of considering both 

estimation risk and market risk by simulation, e) step of 

selecting numerical accuracy criteria for an optimal portfolio 10 

composite, f) step of simulating the risk factors by drawing a 

plurality of parameters and paths given a model and an observation 

(containing a missing value in some cases); g) step of finding 

optimal portfolio weights given the selected constraints and 

optimality criteria, based on the parameters and paths simulated; 15 

and h) step of executing the simulation and finding of the optimal 

portfolio weights until the accuracy criteria are fulfilled. 

[Citation List] 

[Patent Literature] 

[0005] 20 

[PTL 1] Japanese Patent Application Publication No. 2001-76057 

[PTL 2] Japanese Patent Application Publication No. 2008-47099 

[Summary of Invention] 

[Technical Problem] 

[0006] 25 

 In a conventional portfolio optimization method, for 

example, procedures such as setting of ownership ratios of the 

respective instruments (a person in charge or like sets the 

ownership ratios of the instruments to calculate risks), scenario 

creation (example: simulation of presence or absence of disaster 30 

event occurrence by the Monte Carlo method.  Various events such 

as earthquake disaster, political turmoil, and war are made to 

occur at certain probabilities and loss amounts of the respective 

instruments upon occurrence of these events are calculated), and 

risk calculation (example: the scenarios are sorted in the order 35 
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of the loss amount to draw a histogram and an average value of 

top loss amounts (TVaR) is calculated as a risk index) are 

repeatedly tried out to maximize return/risk. 

[0007] 

 However, when the number of scenarios, the number of events, 5 

or the variations of the ownership ratio increases, a calculation 

scale necessary for the aforementioned processes of the setting 

of the ownership ratios and the risk calculation increases 

linearly or exponentially.  Thus, if the aforementioned 

financial institution or the like sets realistic conditions, it 10 

is difficult to obtain results, that is information on the optimal 

portfolio within practicable time. 

[0008] 

 Accordingly, the portfolio is ultimately estimated with a 

range that is detached from the realistic conditions and that is 15 

limited from the beginning set as a target to obtain a solution 

within practicable time.  In this case, information on the 

portfolio optimized in the true sense cannot be obtained. 

[0009] 

 The conventional techniques thus have a problem that, when 20 

there are many financial instruments owned by a financial 

institution, many ownership ratios of the financial instruments, 

and many variations of scenarios to be considered, it is difficult 

for the financial institution to construct a portfolio that 

increases profitability while taking into consideration of loss 25 

amounts upon occurrence of events such as disaster. 

[0010] 

 Accordingly, an object of the present invention is to allow 

a financial institution to apply a portfolio that increases 

profitability while taking into consideration of loss amounts 30 

upon occurrence of events such as disaster and to guarantee 

profitability even when there are many financial instruments 

owned by the financial institution, many ownership ratios of the 

financial instruments, and many variations of scenarios to be 

considered. 35 
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[Solution to Problem] 

[0011] 

 A portfolio creation assistance device of the present 

invention to solve the above objective comprising: a calculation 

unit configured to calculate a predetermined formula as an Ising 5 

model based on attribute information on each of financial 

instruments and information on an expected loss in each of the 

financial instruments associated with scenarios of event 

occurrence, the predetermined formula describing expected 

revenues and expected losses associated with the event occurrence 10 

corresponding to each of predetermined scenario groups when the 

predetermined scenario group is adopted to a portfolio formed by 

combining the financial instruments at predetermined ownership 

ratios, wherein the calculation unit is configured to output to 

a predetermined device information on the ownership ratios at 15 

which profitability obtained from the expected revenues and the 

expected losses as a result of the calculation is high. 

[0012] 

 A portfolio creation assistance method of the present 

invention implemented by an information processing device, 20 

comprising: calculating a predetermined formula as an Ising model 

based on attribute information on each of financial instruments 

and information on an expected loss in each of the financial 

instruments associated with scenarios of event occurrence, the 

predetermined formula describing expected revenues and expected 25 

losses associated with the event occurrence corresponding to each 

of predetermined scenario groups when the predetermined scenario 

groups are adopted to a portfolio formed by combining the 

financial instruments at predetermined ownership ratios, and 

outputting to a predetermined device information on the ownership 30 

ratios at which profitability obtained from the expected revenues 

and the expected losses as a result of the calculation is high. 

[0013] 

 A portfolio creation assistance system of the present 

invention configured to present ownership ratios of a plurality 35 
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of financial instruments owned by a user such that profitability 

of the user increases, the portfolio creation assistance system 

comprising: a financial information delivery system configured 

to deliver attribute information on each of the financial 

instruments and information on an expected loss in each of the 5 

financial instruments associated with scenarios of event 

occurrence; a portfolio creation assistance device configured to 

calculate a predetermined formula as an Ising model based on the 

attribute information and the information on the expected loss 

received from the financial information delivery system, the 10 

predetermined formula describing expected revenues and expected 

losses associated with the event occurrence corresponding to each 

of predetermined scenario groups when the predetermined scenario 

group is adopted to a portfolio formed by combining the plurality 

of financial instruments at predetermined ownership ratios, and 15 

compute information on the ownership ratios at which 

profitability obtained from the expected revenues and the 

expected losses as a result of the calculation is maximized; and 

 a user terminal configured to display the information on 

the ownership ratios received from the portfolio creation 20 

assistance device. 

[0014] 

 A portfolio creation assistance method of the present 

invention of presenting ownership ratios of a plurality of 

financial instruments owned by a user such that profitability of 25 

the user increases, wherein a financial information delivery 

system, a portfolio creation assistance device, and a user 

terminal are coupled to one another via a network to be 

communicable with one another, a financial information delivery 

system delivers attribute information on each of the financial 30 

instruments and information on an expected loss in each of the 

financial instruments associated with scenarios of event 

occurrence to the portfolio creation assistance device, the 

portfolio creation assistance device calculates a predetermined 

formula as an Ising model based on the attribute information and 35 
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the information on the expected loss received from the financial 

information delivery system, the predetermined formula 

describing expected revenues and expected losses associated with 

the event occurrence corresponding to each of predetermined 

scenario groups when the predetermined scenario group is adopted 5 

to a portfolio formed by combining the plurality of financial 

instruments at predetermined ownership ratios, and computes 

information on the ownership ratios at which profitability 

obtained from the expected revenues and the expected losses as 

a result of the calculation is maximized, and the user terminal 10 

displays the information on the ownership ratios received from 

the portfolio creation assistance device. 

[Advantageous Effects of Invention] 

[0015] 

 According to the present invention, a financial institution 15 

can apply a portfolio that increases profitability while taking 

into consideration of loss amounts upon occurrence of events such 

as disaster and guarantee profitability even when there are many 

financial instruments owned by the financial institution, many 

ownership ratios of the financial instruments, and many 20 

variations of scenarios to be considered. 

[Brief Description of Drawings] 

[0016] 

[Fig. 1] Fig. 1 is a network configuration diagram including a 

portfolio creation assistance device according to an embodiment 25 

of the present disclosure. 

[Fig. 2] Fig. 2 is a diagram illustrating a hardware configuration 

example of the portfolio creation assistance device according to 

the embodiment of the present disclosure. 

[Fig. 3] Fig. 3 is a diagram illustrating a timing chart example 30 

according to the embodiment of the present disclosure. 

[Fig. 4] Fig. 4 is a diagram illustrating a flowchart relating 

to a basic concept according to the embodiment of the present 

disclosure. 

[Fig. 5] Fig. 5 is a diagram illustrating a data configuration 35 
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example of financial instrument information according to the 

embodiment of the present disclosure. 

[Fig. 6] Fig. 6 is a diagram illustrating a data configuration 

example of an event simulation result according to the embodiment 

of the present disclosure. 5 

[Fig. 7] Fig. 7 is a diagram illustrating a flow example of a 

portfolio creation assistance method according to the embodiment 

of the present disclosure. 

[Fig. 8] Fig. 8 is a diagram illustrating an output example 

according to the embodiment of the present disclosure. 10 

[Description of Embodiments] 

[0017] 

<Outline of Quantum Computing Technique> 

 A concept of a so-called combinatorial optimization problem 

that searches for a solution maximizing or minimizing a desired 15 

parameter under a predetermined condition can be applied also to 

complex problems in the real world such as elimination of traffic 

jams and reduction of logistic cost in a global supply chain. 

[0018] 

 Meanwhile, since the number of candidate solutions 20 

explosively increases in such a problem, it is difficult to solve 

the problem within practicable time unless a calculator with a 

reasonable calculation performance such as a super computer or 

a quantum computer is used. 

[0019] 25 

 For example, the following technique (see WO2016/157333) 

and the like are proposed as conventional techniques relating to 

a quantum computer.  The technique relates to a calculator that 

can perform high-speed calculation on an inverse problem or a 

combinatorial optimization problem requiring an exhaustive 30 

search.  In this technique, spins are used as variables in the 

calculation and a problem to be solved is set using spin-spin 

interaction and a local field acting on each spin.  All spins are 

caused to orient toward one direction by an external magnetic 

field at time t=0 and the external magnetic field is gradually 35 
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reduced such that the external magnetic field becomes zero at time 

t=τ.  Each spin is time-evolved in such a way that the direction, 

which follows an effective magnetic field determined by all 

actions of the spin-spin interaction and the external magnetic 

field of each site at time t, is determined.  In this case, the 5 

direction of the spin is not completely aligned in the effective 

magnetic field and is caused to be a quantum mechanically 

corrected direction such that the system is caused to maintain 

in an approximately ground state. 

<Regarding Annealing Machine> 10 

 As described in the aforementioned outline of the quantum 

computing technique, the present applicant has developed a 

quantum computing technique to solve, for example, various 

problems in exhaustive search problems (including the concepts 

of combinatorial optimization problem) based on big data. 15 

[0020] 

 There are generally high expectations for a quantum 

computer in regard to such exhaustive search problems.  In a 

quantum computer, data is formed of basic elements called quantum 

bits and "0" and "1" are achieved simultaneously.  Accordingly, 20 

the quantum computer can perform calculation simultaneously with 

all candidate solutions set as an initial value and has a 

possibility of achieving the exhaustive search.  However, the 

quantum computer needs to maintain quantum coherence over the 

entire calculation time. 25 

[0021] 

 In such a circumstance, a method referred to as adiabatic 

quantum computing is attracting attention (reference literature: 

E. Farhi, et al., "A quantum adiabatic evolution algorithm applied 

to random instances of an NP-complete problem," Science 292, 472 30 

(2001)).  This method attempts to obtain a solution through a 

process of converting a problem such that a ground state of a 

certain physical system becomes a solution and finding the ground 

state. 

[0022] 35 
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 The Hamiltonian of the physical system for which the problem 

is set is represented by H^p.  Note that, at the start of 

calculation, the Hamiltonian is not set to H^p, but instead to 

another Hamiltonian H^0 whose ground state is apparent and easy 

to prepare.  Next, the Hamiltonian is gradually transitioned from 5 

H^0 to H^p over a sufficiently-long period.  If the period is 

sufficiently long, the system stays in the ground state and the 

ground state of the Hamiltonian H^p is obtained.  This is the 

principle of the adiabatic quantum computing.  When the 

calculation time is represented by τ, the Hamiltonian is as in 10 

the formula (1). 

[0023] 

[Formula 1] 

 

The solution is obtained by performing time evolution based on 15 

the Schrödinger equation in the formula (2). 

[0024] 

[Formula 2] 

 

 The adiabatic quantum computing can be applied to problems 20 

that require exhaustive search and reaches a solution in a one-way 

process.  However, if the computing process needs to follow the 

Schrödinger equation in the formula (2), the quantum coherence 

needs to be maintained as in the quantum computer. 

[0025] 25 

 Note that the quantum computer is a computer that repeats 

a gate operation on one quantum bit or two quantum bits while the 

adiabatic quantum computing is computing in which quantum bits 

are made to interact with one another simultaneously over an 
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entire quantum bit system, and ideas of coherence are different 

from each other. 

[0026] 

 For example, assume a gate operation performed on a certain 

quantum bit.  In this case, if there is an interaction between 5 

this quantum bit and another quantum bit, this causes decoherence.  

However, in the adiabatic quantum computing, since all quantum 

bits are made to interact with one another simultaneously, the 

case of such an example is not decoherence.  Reflecting this 

difference, the adiabatic quantum computing is assumed to be more 10 

robust to decoherence than the quantum computer. 

[0027] 

 As described above, the adiabatic quantum computing is 

effective for difficult problems such as problems that require 

exhaustive search.  Moreover, spins are used as variables in 15 

calculation and a problem to be solved is set using spin-spin 

interaction and a local field acting on each spin. 

[0028] 

 All spins are caused to orient toward one direction by an 

external magnetic field at time t=0 and the external magnetic 20 

field is gradually reduced such that the external magnetic field 

becomes zero at time t=τ. 

[0029] 

 Each spin is time-evolved in such a way that the direction, 

which follows an effective magnetic field determined by all 25 

actions of the spin-spin interaction and the external magnetic 

field of each site at time t, is determined. 

[0030] 

 In this case, the direction of spin is not completely aligned 

in the effective magnetic field and is caused to be a quantum 30 

mechanically corrected direction such that the system is caused 

to maintain in an approximately ground state. 

[0031] 

 Additionally, a term (relaxation term) to maintain each 

spin in an original direction during the time evolution is added 35 
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to the effective magnetic field to improve convergence of a 

solution. 

[0032] 

 Although a portfolio creation assistance device according 

to an embodiment of the present disclosure is assumed to be an 5 

annealing machine that performs the aforementioned adiabatic 

quantum computing, the portfolio creation assistance device is 

not limited to this as a matter of course and the present invention 

can be applied to any device that can appropriately solve the 

combinatorial optimization problem according to a portfolio 10 

creation assistance method of the present invention. 

[0033] 

 Specifically, the present invention includes not only 

hardware implemented by an electronic circuit (digital circuit 

or the like) in an annealing method but also a method of 15 

implementation with a superconducting circuit or the like.  

Moreover, the present invention may be hardware that achieves an 

Ising model in methods other than the annealing method.  For 

example, such methods include a laser network method 

(optical-parametric oscillation), a quantum neural network, and 20 

the like.  Moreover, although the ideas are partially different 

as described above, the present invention can be achieved also 

in a quantum gate method in which calculation performed in the 

Ising model is replaced by gates such as a Hadamard gate, a rotation 

gate, and a controlled NOT gate. 25 

<Network Configuration> 

 The embodiment of the present disclosure is described below 

in detail by using the drawings.  Fig. 1 is a network configuration 

diagram including a portfolio creation assistance device 100 

according to the embodiment of the present disclosure.  The 30 

portfolio creation assistance device 100 illustrated in Fig. 1 

is a computer device that can efficiently generate information 

on an optimal portfolio regardless of the number of instruments, 

the ownership ratios of the instruments, and the number of 

variations of scenarios to be considered even in the case of using 35 
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a risk calculation method having such characteristics that the 

order of loss amounts in each scenario is not determined until 

the ownership ratios of the respective instruments are 

individually determined (example: VaR (value at risk), TVaR (tail 

value at risk), CVaR (conditional value at risk), and CTE 5 

(conditional tail expectation) in the case where loss amounts and 

revenues do not follow specific distribution), and is assumed to 

be, specifically, an annealing machine as an example. 

[0034] 

 Note that the outline of the annealing machine is as 10 

described above and details such as specific configurations and 

operations of the annealing machine are omitted as appropriate 

(the same applies below). 

[0035] 

 Moreover, the "ownership ratio" in the embodiment of the 15 

present disclosure is not a proportion of each of financial 

instruments in the portfolio (example: when the total investment 

amount in the entire portfolio is assumed to be 100, an investment 

amount of a financial instrument A is 30, an investment amount 

of a financial instrument B is 20, and the like) but a value 20 

indicating how much a buyer owns each of the financial instruments 

that can be included in the portfolio with respect to other buyers, 

that is an ownership share with respect to the other buyers.  In 

this case, it is possible to assume a situation where, for a certain 

financial instrument A, a share of a user X is 40%, a share of 25 

a user Y is 20%, a share of a user Z is 5%, and the like.  Determining 

this ownership ratio determines an amount of revenue allocated 

to a target user in the total revenue created by the corresponding 

financial instrument, that is an expected revenue.  However, the 

ownership ratio is not limited to this as a matter of course and 30 

the present invention can be applied to any value that can be used 

to appropriately determine an expected revenue or an expected loss 

from attribute information of each financial instrument or the 

like. 

[0036] 35 
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 The portfolio creation assistance device 100 according to 

the embodiment of the present disclosure is coupled to a user 

terminal 200 and a financial information delivery system 300 via 

an appropriate network 1 such as the Internet to be capable of 

performing data communication therewith.  The portfolio creation 5 

assistance device 100, the user terminal 200, and the financial 

information delivery system 300 may be collectively considered 

as a portfolio optimization assistance system 10. 

[0037] 

 The user terminal 200 in the aforementioned network 10 

configuration is a terminal that receives provided information 

on the portfolio of the financial instruments from the portfolio 

creation assistance device 100. 

[0038] 

 A user of the user terminal 200 can be assumed to be, 15 

specifically, a person in charge in an institutional investor such 

as a financial institution or an insurance company. 

[0039] 

 Moreover, the information on the portfolio of the financial 

instruments provided by the portfolio creation assistance device 20 

100 is information on the ownership ratios of the respective 

financial instruments at which profitability obtained from 

expected revenues and expected losses is maximized, the ownership 

ratios determined by solving a predetermined formula describing 

expected revenues and expected losses associated with occurrence 25 

of events corresponding to a predetermined event occurrence 

scenario group when the predetermined event occurrence scenario 

group is adopted to the portfolio holding the financial 

instruments at the respective ownership ratios as an Ising model 

(math formula including selection of scenarios ranking higher 30 

than the other scenarios in terms of expected loss, the number 

of scenarios to be targets of this selection, and profitability 

based on the expected revenues, the expected losses, and the 

ownership ratios as variables). 

[0040] 35 
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 In this case, values of a rate of return, expected maximum 

losses, ownership ratios of the respective financial instruments 

in the optimal portfolio are presented as a matter of course.  A 

person in charge in the financial institution or the like who is 

provided with such various pieces of information on the portfolio 5 

can easily, accurately, and quickly determine a preferable 

ownership ratio for each financial instrument included in the 

portfolio. 

[0041] 

 Meanwhile, the financial information delivery system 300 10 

is a system that delivers information on various financial 

instruments and information on event simulation results to the 

portfolio creation assistance device 100. 

[0042] 

 The financial information delivery system 300 can be 15 

assumed to be server apparatuses that are operated by 

organizations that hold information on the financial instruments 

such as various financial institutions, securities companies, 

government institutions, and the like. 

[0043] 20 

 The aforementioned various financial instruments can be 

assumed to be, for example, reinsurance instruments, stocks, 

futures instruments, foreign exchanges as well as capital 

investment matters for which losses may be generated due to 

occurrence of events such as disaster.  Moreover, the information 25 

to be handled can be assumed to be, for example, in the case of 

insurance instruments, an insurance target (example: storm damage, 

earthquake damage, and the like), a target region, an expected 

revenue (example: insurance premium revenue of the insurance 

instrument), and the like. 30 

[0044] 

 In a conventional case, in the determination of the 

ownership ratios optimal for maximizing profitability, that is 

the optimal portfolio, the calculation amount exponentially 

increases with an increase in elements such as the numbers of the 35 
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aforementioned financial instruments and scenarios and setting 

variations of the ownership ratio, and a long period is required 

to complete the calculation.  However, adopting the portfolio 

creation assistance device 100 using the annealing machine 

enables calculation that does not depend so much on the increase 5 

of elements. 

<Hardware Configuration> 

 Moreover, a hardware configuration of the portfolio 

creation assistance device 100 according to the embodiment of the 

present disclosure is as illustrated in Fig. 2.  Specifically, 10 

the portfolio creation assistance device 100 includes a storage 

unit 101, a memory 103, a calculation unit 104, and a communication 

unit 105. 

[0045] 

 Among these, the storage unit 101 includes an appropriate 15 

non-volatile storage element such as a SSD (solid state drive) 

or a hard disk drive. 

[0046] 

 Moreover, the memory 103 includes a volatile storage 

element such as a RAM. 20 

[0047] 

 Furthermore, the calculation unit 104 is a CPU that loads 

a program 102 stored in the storage device 101 onto the memory 

103 or the like and executes the program 102 to perform integral 

control of the device and also performs various types of 25 

determination, calculation, and control processes. 

[0048] 

 Moreover, the communication unit 105 is a network interface 

card that is coupled to the network 1 to handle communication 

processes with other apparatuses such as the user terminal 200 30 

and the financial information delivery system 300. 

[0049] 

 When the portfolio creation assistance device 100 is a 

stand-alone machine, the portfolio creation assistance device 100 

preferably further includes an input device (includes a key board, 35 
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a mouse, and the like) that receives key inputs and voice inputs 

from the user and an output unit such as a display that displays 

processing data. 

[0050] 

 At least financial instrument information 125 and an event 5 

simulation result 126 are stored in the storage unit 101 in 

addition to the program 102 for implementing functions necessary 

for the portfolio creation assistance device according to the 

embodiment of the present disclosure.  Details of these pieces 

of information are described later. 10 

[0051] 

 Moreover, the program 102, that is an algorithm configured 

to implement operations as the annealing machine holds 

information on an Ising model 1021 that is a problem to be solved.  

The Ising model 1021 is set in advance by a manager or the like 15 

based on various pieces of information on the portfolio being the 

target of information provision and on the financial instruments 

included in the portfolio, a portfolio investment principle in 

the target financial institution, and the like. 

[0052] 20 

 Note that the adiabatic quantum computing described in the 

outline of the annealing machine is also known as quantum 

annealing and is a technique obtained by developing a classical 

concept of annealing into quantum mechanics.  Specifically, the 

adiabatic quantum computing can be intrinsically performed in a 25 

classical operation and can be interpreted as computing to which 

quantum mechanical effects are added to improve a high-speed 

performance and a performance relating to accuracy rates of 

solutions.  Accordingly, in the present invention, the 

calculation unit itself is a classical calculation unit and 30 

parameters that are quantum mechanically determined are 

introduced in a calculation process to achieve calculation method 

and device that are classical but include quantum mechanical 

effects. 

[0053] 35 
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 Based on the aforementioned concept, in the following 

example, a classical algorithm that obtains a ground state as a 

solution and a device for achieving this algorithm are described 

while relationships with the adiabatic quantum computing are 

explained. 5 

[0054] 

 In the portfolio creation assistance device 100 under such 

premises, N variables sjz (j=1, 2, …, N) are in a range of -1≤sjz≤1 

and a problem is set by using a local field gj and an intervariable 

interaction Jij (i, j=1, 2, …, N). 10 

[0055] 

 Moreover, in the calculation unit 104, a time period is 

divided into m time periods and calculation is discretely 

performed from t=t0 (t0=0) to tm (tm=τ).  When a variable SjZ (tk) 

at each time point tk is to be obtained, 15 

Bjz(tk)={ΣiJijSiz(tk-1)+gj+sgn(sjz(tk-1))·gpina}·tk/τ or 

Bjz(tk)={ΣiJiJSjz(tk-1)+gj+gpinb·SjZ(tk-1)}·tk/τ is obtained by using 

a value of a variable Sjz(tk-1) (i=1, 2, …, N) at a previous time 

point tk-1 and a coefficient gpina or gpinb of a relaxation term, 

Sjz(tk)=f(Bjz(tk),tk) is established by determining a function f 20 

such that the range of the aforementioned variable Sjz(tk) becomes 

-1≤sjz(tk)≤1, the aforementioned variable Sjz is made to approach 

-1 or 1 as a time step proceeds from t=t0 to t=tm, and the solution 

is determined to be Sjzd=-1 if sjz<0 is eventually satisfied, and 

is determined to be Sjzd=1 if Sjz>0 is eventually satisfied. 25 

[0056] 

 The coefficient gpinb is, for example, a value that is 50% 

to 200% of an average value of |Jij|.  Moreover, regarding the 

local field gj of the problem setting, it is possible to add a 

correction term δgj' to gj' only for a certain site j' and increase 30 

the magnitude of gj' only for this site j'.  The correction term 

δgj' is, for example, a value that is 10% to 100% of the average 

value of |Jij|. 

[0057] 

 Next, a basic principle of the annealing machine is 35 
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described through transition to a classical format, starting from 

quantum mechanical description. 

[0058] 

 An Ising spin-Hamiltonian ground state search problem given 

in the formula (3) include a classification problem referred to 5 

as NP-hard and is known to be a useful problem (literature: F. 

Barahona, "On the computational complexity of Ising spin glass 

models," J.Phys.A: Math. Gen. 15,3241 (1982)). 

[0059] 

[Formula 3] 10 

 
 Jij and gj are problem setting parameters and σ^Z is a z 

component of Pauli spin matrices and takes an eigenvalue of ±1.  

Moreover, i and j express sites of spins.  An Ising spin is a 

variable that can take only ±1 as a value.  In the formula (3), 15 

the eigenvalue of σ^z is ±1 and the system is thus an Ising spin 

system. 

[0060] 

 The Ising spin of the formula (3) does not have to be 

literally a spin and may be physically anything as long as the 20 

Hamiltonian is described by the formula (3). 

[0061] 

 For example, it is possible to associate adopting and 

not-adopting of each of the ownership ratios (discrete values) 

of the financial instruments with ±1 or associate high and low 25 

of a logic circuit with ±1.  Moreover, it is possible to associate 

vertically-polarized wave and horizontally-polarized wave of 

light with ±1 or associate phases of 0 and π with ±1. 

[0062] 

 In the method given as an example herein, as in the adiabatic 30 

quantum computing, a calculation system is prepared in the ground 

state of Hamiltonian given by the formula (4) at time point t=0. 

[0063] 
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[Formula 4] 

 

 Here, γ is a constant of proportion determined by the 

magnitude of an external field uniformly applied to all sites j, 

σ^jx is an x component of the Pauli spin matrices.  If the 5 

calculation system is the spin itself, the external field means 

a magnetic field. 

[0064] 

 The formula (4) corresponds to application of a transverse 

magnetic field and a situation where all spins are oriented in 10 

the x direction (γ>0) is the ground state.  Although the 

Hamiltonian for problem setting is defined as the Ising spin 

system with only the z component, the x component of the spin 

appears in the formula (4).  Accordingly, the spin in the 

calculation process is not Ising but a vector (Bloch vector).  15 

Although the Hamiltonian starts from that in the formula (4) at 

t=0, the Hamiltonian is made to gradually change with a progress 

of the time t and is eventually made to become the Hamiltonian 

described in the formula (3), and the ground state of this 

Hamiltonian is obtained as the solution. 20 

[0065] 

[Formula 5] 

 

 In this formula, σ^ represents three components of the Pauli 

spin matrices as a vector.  When the spin is oriented in the 25 

magnetic direction, the ground state can be described as 

<σ^>=B/|B| with <·> being a quantum mechanical expectation value.  

In an adiabatic process, since the system always tries to stay 

in the ground state, the direction of the spin always follows the 

direction of the magnetic field. 30 
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[0066] 

 The above discussion can be also expanded to a multi-spin 

system.  At t=0, the formula (4) can give the Hamiltonian.  This 

means that magnetic field BjX =γ is uniformly applied to all spins.  

At t>0, the x component of the magnetic field gradually decreases 5 

and BjX=γ(1−t/τ) is established.  Regarding the z-component, 

since the spin-spin interaction is present, the effective 

magnetic field is as in the formula (6). 

[0067] 

[Formula 6] 10 

 

 The direction of the spin can be specified by <σ^z>/<σ^X>.  

Accordingly, if the direction of the spin follows the effective 

magnetic field, the direction of the spin is determined by the 

formula (7). 15 

[0068] 

[Formula 7] 

 

 Since the formula (7) is a quantum mechanical description 

but takes an expectation value, the formula (7) is a relationship 20 

formula relating to a classical quantity unlike the formulae (1) 

to (6). 

[0069] 

 Since non-local correlation (quantum entanglement) of 

quantum mechanics is absent in a classical system, the direction 25 

of the spin should be completely determined by the local field 

of each site and the formula (7) determines the behavior of a 

classical spin system.  In the quantum system, the formula (7) 

is deformed due to presence of the non-local correlation but this 

is described later.  In this section, the classical system 30 



21 
 

determined by the formula (7) is described to describe a basic 

mode of the invention. 

[0070] 

 Fig. 3 illustrates a timing chart (1) for obtaining the 

ground state of the spin system.  Since the description of Fig. 5 

3 relates to a classical quantity, the spin of the site j is 

expressed by sj instead of σ^j.  Moreover, along with this, an 

effective magnetic field Bj in Fig. 3 is a classical quantity.  

At t=0, a rightward effective magnetic field Bj is applied at all 

sites and all spins Sj are initialized to the rightward direction. 10 

[0071] 

 With a lapse of time t, the magnetic field in the z axis 

direction and the spin-spin interaction are gradually applied, 

each spin is eventually oriented in the +z direction or the -z 

direction, and the z component of the spin Sj becomes sjz=+1 or 15 

-1.  Although it is ideal for the time t to be continuous, the 

time t may be discrete in the actual calculation process to improve 

convenience.  The case where the time t is discrete is described 

below. 

[0072] 20 

 Since not only the z component but also the x component is 

applied to the spin described in this example, the spin is a 

vectorial spin.  The behavior of the spin as a vector can be 

understood also from Fig. 3.  No y component appears in the 

description up to this point.  This is because the external field 25 

direction is taken on an xz plane and there is no y component of 

the external field.  Accordingly, <σ^Y>=0. 

[0073] 

 The spin of the calculation system is assumed to be a 

three-dimensional vector with a magnitude of 1 (this is referred 30 

to as Bloch vector and a state thereof can be described as a point 

on a sphere).  However, in a method in which the axes are taken 

as in the example illustrated in the drawing, only two dimensions 

need to be considered (the state can be described as a point on 

a circle). 35 
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[0074] 

 Moreover, since γ is fixed, Bjx(t)>0 (γ>0) or Bjx(t)<0 (γ<0) 

is established.  In this case, the two-dimensional spin vector 

can be described by using only a semicircle and, when Sjz in [−1, 

1] is specified, the two-dimensional spin vector is determined 5 

by one variable Sjz.  Accordingly, although the spin in this 

example is a two-dimensional vector, the spin may be expressed 

as a one-dimensional continuous variable whose range is [−1, 1]. 

[0075] 

 In the timing chart of Fig. 3, the effective magnetic field 10 

is obtained for each site at time point t=tk and the direction 

of the spin at t=tk is obtained by the formula (8) while using 

the value of the effective magnetic field. 

[0076] 

[Formula 8] 15 

 

 Since the formula (8) is the formula (7) rewritten in 

notation relating to a classical quantity, there is no symbol <·>. 

[0077] 

 Next, an effective magnetic field at t=tk+1 is obtained by 20 

using the value of the spin at t=tk.  The effective magnetic field 

at each time point is written specifically as the formulae (9) 

and (10). 

[0078] 

[Formula 9] 25 

[0079] 

[Formula 10] 
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 The spin and the effective magnetic field are alternately 

obtained hereinafter according to the procedure schematically 

illustrated in the timing chart of Fig. 3. 

[0080] 5 

 In a classical system, the magnitude of a spin vector is 

1.  In this case, components of the spin vector are described as 

Sjz(tk)=sinθ and Sjx(tk)=cosθ, respectively, by using a parameter 

θ defined by tanθ=Bjz(tk)/Bjx(tk). 

[0081] 10 

 Sjz(tk) and Sjx(tk) are written as 

Sjz(tk)=sin(arctan(Bjz(tk)/Bjx(tk))) and 

Sjx(tk)=cos(arctan(Bjz(tk)/Bjx(tk))). 

[0082] 

 As apparent from the formula (9), tk is the only variable 15 

in Bjx(tk) and τ and γ are constants.  Accordingly, 

Sjz(tk)=sin(arctan(Bjz(tk)/Bjx(tk))) and 

Sjx(tk)=cos(arctan(Bjz(tk)/Bjx(tk))) can be generally expressed as 

Sjz(tk)=f1(Bjz(tk),tk) and Sjx(tk)=f2(Bjz(tk),tk) as functions 

including Bjz(tk) and tk as variables. 20 

[0083] 

 Since the spin is described as the two-dimensional vector, 

two components of Sjz(tk) and sjx(tk) appear.  However, when Bjz(tk) 

is determined based on the formula (10), Sjx(tk) is unnecessary. 

[0084] 25 

 This corresponds to the fact that the spin state can be 

described by using only Sjx(tk) whose range is [-1, 1].  The final 

solution Sjzd needs to be Sjzd=−1 or 1, and Sjzd=1 when Sjz(τ)>0 while 

Sjzd=−1 when Sjz(τ)<0. 

[0085] 30 

 Fig. 4 illustrates a diagram in which the aforementioned 

algorithm is summarized into a flowchart.  In this case, tm=τ.  
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Each of steps s1 to s9 in the flowchart of Fig. 4 corresponds to 

a process at a certain time point in the timing chart of Fig. 3 

from time of t=0 to t=τ.  Specifically, the steps s2, s4, and s6 

in the flowchart correspond to the aforementioned formulae (9) 

and (10) at t=t1, tk+l, and tm, respectively.  The final solution 5 

is determined such that Sjzd=-1 when sjz<0 in step s8 and Sjzd=1 

when Sjz>0 in step s8 (s9). 

[0086] 

 How the problem is solved when the problem is expressed by 

the formula (3) has been described above.  Next, how a specific 10 

problem is expressed by the formula (3) including the local field 

gj and the intervariable interaction Jij(i, j=1, 2, …, N) is 

described by giving a specific example. 

[0087] 

 The specific problem, that is the Ising model 1021 in this 15 

case is assumed to be a problem of estimating the ownership ratios 

of the respective financial instruments at which the expected 

revenue-expected loss, that is the result of the formula of 

profitability is maximized in a predetermined number of scenarios 

corresponding to occurrence of events such as disasters.  Under 20 

such premise, a balance point where the ownership ratios of the 

respective financial instruments converge is determined through 

searching of the ground state of the Ising model 1021 expressed 

by the formula (3), that is searching of the aforementioned ground 

state in which the result of the formula of profitability is 25 

maximized.  The ownership ratios of the respective financial 

instruments in this ground state are (the ownership ratios of the 

respective financial instruments included in) the optimal 

portfolio. 

<Data Structure Example> 30 

 Next, data used by the portfolio creation assistance device 

100 according to the embodiment of the present disclosure is 

described.  Fig. 5 illustrates an example of the financial 

instrument information 125 according to the embodiment of the 

present disclosure.  The financial instrument information 125 is 35 
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a database storing attribute information of the financial 

instruments that may be included in the portfolio. 

[0088] 

 The data structure of the financial instrument information 

125 is a collection of records that each use an instrument ID, 5 

uniquely identifying an insurance instrument being the financial 

instrument, as a key and that are each formed of data such as events 

and regions being insurance targets of the insurance instrument 

and an insurance premium revenue, that is the expected revenue. 

[0089] 10 

 In the example of Fig. 5, the financial instrument 

information 125 has a configuration storing information on a total 

of 10,000 insurance instruments.  Specifically, the shares, that 

is the ownership ratios of the respective 10,000 insurance 

instruments in the case where these insurance instruments are 15 

incorporated as the portfolio can be determined. 

[0090] 

 Moreover, Fig. 6 illustrates an example of an event 

simulation result 127 according to the embodiment of the present 

disclosure.  The event simulation result 126 is, for example, a 20 

database as follows.  Insurance companies and the like that are 

the distributors of the aforementioned insurance instruments 

assume scenarios in which events such as natural disasters, 

political turmoil, and wars occur, and information on loss amounts 

generated in relation to the aforementioned insurance instruments 25 

in the case where each scenario takes place and the corresponding 

events occur are stored in the database. 

[0091] 

 The data structure of the event simulation result 126 is 

a collection of records that are each formed of data such as values 30 

of the loss amounts of the respective insurance instruments in 

the case where each scenario takes place and the total loss amount 

of the insurance instruments generated in relation to the scenario, 

in a matrix structure of scenario IDs uniquely identifying the 

respective scenarios and the instrument IDs uniquely identifying 35 
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the respective insurance instruments. 

[0092] 

 In the example of Fig. 6, the event simulation result 126 

has a configuration storing information on the loss amounts for 

each of combinations of a total of 10,000 insurance instruments 5 

and a total of 100,000 scenarios.  Specifically, the loss amounts 

of the respective 10,000 insurance instruments that can be 

incorporated as the portfolio and the total of these loss amounts 

in each of the 100,000 scenarios can be used for a process of 

portfolio optimization. 10 

<Portfolio Creation Assistance Method> 

 An actual procedure of the portfolio creation assistance 

method according to the embodiment of the present disclosure is 

described below based on the drawings.  Various operations 

corresponding to the portfolio creation assistance method 15 

described below are implemented by a program loaded onto a memory 

and executed by the portfolio creation assistance device 100 

according to the embodiment of the present disclosure.  This 

program includes codes for performing various operations 

described below. 20 

[0093] 

 Fig. 7 is a diagram illustrating a flow example of the 

portfolio creation assistance method according to the embodiment 

of the present disclosure.  In this case, it is assumed that the 

portfolio creation assistance device 100 sets the aforementioned 25 

Ising model 1021 as the problem and calculates the ground state 

as the annealing machine for, for example, a portfolio including 

10,000 insurance instruments (Figs. 5 and 6).  Note that the 

10,000 financial instruments given as an example herein are the 

insurance instruments "1" to "10,000" illustrated in Figs. 5 and 30 

6. 

[0094] 

 Moreover, the number of scenarios to be assumed is 100,000 

and, in the case of, for example, 99% TVaR, the estimated loss 

is assumed to be an average value of top 1,000 (100,000×(1-0.99)) 35 
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loss amounts. 

[0095] 

 First, the portfolio creation assistance device 100 

automatically generates, for example, combinations of the shares, 

that is the ownership ratios of the respective insurance 5 

instruments among the variables in the formula of "expected 

revenue-expected loss" described above (s10).  For example, 

assume combinations in the case where the number of insurance 

instruments is "5" and coefficients from 0% to 100% in increments 

of 10% are provided.  In this case, the number of combinations 10 

is "161051". 

[0096] 

 Next, the portfolio creation assistance device 100 sets as 

many types of the Ising models 1021 as the combinations of the 

coefficients, that is the ownership ratios generated in s10 as 15 

the problem and calculates the ground state as the annealing 

machine for the portfolio including 10,000 financial instruments 

as described above, under a condition of maximizing the rate of 

return, with the 1,000 scenarios determined by 99% TVaR among the 

100,000 scenarios being targets, and estimates the optimal 20 

ownership ratios of the respective insurance instruments in the 

portfolio (s11).  Such searching of the ground state is similar 

to the process in the known technique. 

[0097] 

 Fig. 8 illustrates results of the aforementioned process 25 

of s11, that is the optimal shares of the respective insurance 

instruments included in the portfolio and the values of revenues, 

losses, and rate of return in this case. 

[0098] 

 Next, the portfolio creation assistance device 100 sets the 30 

process results of Fig. 8, that is the shares of the respective 

insurance instruments in the portfolio and the values of expected 

revenues and expected losses in a predetermined screen and outputs 

data of this screen to the user terminal 200 (s12). 

[0099] 35 
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 Meanwhile, the user can view Fig. 8 described above in the 

user terminal 200 and recognize, for example, the shares of the 

respective insurance instruments included in the portfolio and 

the values of expected revenues and expected losses in this case 

to examine the portfolio optimization. 5 

[0100] 

 Although the best mode for carrying out the present 

invention and the like have been specifically described above, 

the present invention is not limited to these and various 

modifications can be made within a scope not departing from the 10 

gist of the present invention. 

[0101] 

 According to the aforementioned embodiment of the present 

disclosure, even in the case of using a risk calculation method 

(example: VaR, TVaR, CVaR, and CTE in the case where loss amounts 15 

and revenues do not follow specific distribution) having such 

characteristics that the order of loss amounts in each scenario 

is not determined until the ownership ratios of the respective 

instruments are individually determined, information on the 

optimal portfolio can be efficiently generated irrespective of 20 

the number of instruments, the ownership ratios of the instruments, 

and the number of variations of scenarios to be considered. 

[0102] 

 At least the following matters are apparent from the 

statements of the present description.  Specifically, in the 25 

portfolio creation assistance device according to the embodiment 

of the present disclosure, the calculation unit may be a unit that 

calculates, as the predetermined formula, a formula obtained by 

combining items of the selection of scenarios ranking higher than 

the other scenarios in terms of expected loss, the number of 30 

scenarios to be targets of this selection, and the profitability 

based on the expected revenues, the expected losses, and the 

ownership ratios, as the Ising model. 

[0103] 

 In this configuration, even in the case of using a risk 35 
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calculation method (example: VaR, TVaR, CVaR, and CTE in the case 

where the loss amounts and the revenues do not follow specific 

distribution) having such characteristics that the order of loss 

amounts in each scenario is not determined until the ownership 

ratios of the respective instruments are individually determined, 5 

information on the optimal portfolio can be generated even more 

efficiently irrespective of the number of instruments, the 

ownership ratios of the instruments, and the number of variations 

of scenarios to be considered. 

[0104] 10 

 Moreover, the portfolio creation assistance device 

according to the embodiment of the present disclosure may be a 

CMOS annealing machine that solves a combinatorial optimization 

problem in regard to the Ising model. 

[0105] 15 

 In this configuration, it is possible to simulate 

operations of the Ising model in a circuit using elements such 

as semiconductor CMOS (complementary metal oxide semiconductor) 

and efficiently obtain a practical solution of the combinatorial 

optimization problem such as determination of the optimal 20 

ownership ratios of the financial instruments in the portfolio, 

at room temperature.  Moreover, even in the case of using a risk 

calculation method (example: VaR, TVaR, CVaR, and CTE in the case 

where the loss amounts and the revenues do not follow specific 

distribution) having such characteristics that the order of loss 25 

amounts in each scenario is not determined until the ownership 

ratios of the respective instruments are individually determined, 

information on the optimal portfolio can be efficiently generated 

irrespective of the number of instruments, the ownership ratios 

of the instruments, and the number of variations of scenarios to 30 

be considered. 

[0106] 

 Moreover, in the portfolio creation assistance method 

according to the embodiment of the present disclosure, the 

information processing device may calculate, as the predetermined 35 
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formula, a formula obtained by combining items of the selection 

of scenarios ranking higher than the other scenarios in terms of 

expected loss, the number of scenarios to be targets of this 

selection, and the profitability based on the expected revenues, 

the expected losses, and the ownership ratios, as the Ising model. 5 

[0107] 

 Moreover, in the portfolio creation assistance method 

according to the embodiment of the present disclosure, the 

information processing device may be a CMOS annealing machine that 

solves a combinatorial optimization problem in regard to the Ising 10 

model. 

[Reference Signs List] 

[0108] 

1 network 

10 portfolio optimization assistance system 15 

100 portfolio creation assistance device 

101 storage unit 

102 program 

1021 Ising model 

103 memory 20 

104 calculation unit 

105 communication unit 

125 financial instrument information 

126 event simulation result 

200 user terminal 25 

300 financial information delivery system 
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[CLAIMS] 

[Claim 1] 

 A portfolio creation assistance device comprising:  

 a calculation unit configured to calculate a predetermined 

formula as an Ising model based on attribute information on each 5 

of financial instruments and information on an expected loss in 

each of the financial instruments associated with scenarios of 

event occurrence, the predetermined formula describing expected 

revenues and expected losses associated with the event occurrence 

corresponding to each of predetermined scenario groups when the 10 

predetermined scenario group is adopted to a portfolio formed by 

combining the financial instruments at predetermined ownership 

ratios, wherein 

 the calculation unit is configured to output to a 

predetermined device information on the ownership ratios at which 15 

profitability obtained from the expected revenues and the 

expected losses as a result of the calculation is high. 

 

[Claim 2] 

 The portfolio creation assistance device according to claim 20 

1, wherein  

 the calculation unit is configured to calculate, as the 

predetermined formula, a formula obtained by combining items of 

selection of scenarios ranking higher than the other scenarios 

in terms of the expected loss, the number of scenarios to be targets 25 

of the selection, and the profitability based on the expected 

revenues, the expected losses, and the ownership ratios, as the 

Ising model. 

 

[Claim 3] 30 

 The portfolio creation assistance device according to claim 

1, wherein  

 the portfolio creation assistance device is a CMOS 

annealing machine configured to solve a combinatorial 

optimization problem in regard to the Ising model. 35 



32 
 

 

[Claim 4] 

 A portfolio creation assistance method implemented by an 

information processing device, comprising: 

 calculating a predetermined formula as an Ising model based 5 

on attribute information on each of financial instruments and 

information on an expected loss in each of the financial 

instruments associated with scenarios of event occurrence, the 

predetermined formula describing expected revenues and expected 

losses associated with the event occurrence corresponding to each 10 

of predetermined scenario groups when the predetermined scenario 

groups are adopted to a portfolio formed by combining the 

financial instruments at predetermined ownership ratios, and 

 outputting to a predetermined device information on the 

ownership ratios at which profitability obtained from the 15 

expected revenues and the expected losses as a result of the 

calculation is high. 

 

[Claim 5] 

 The portfolio creation assistance method according to claim 20 

4, wherein  

 the information processing device is configured to 

calculate, as the predetermined formula, a formula obtained by 

combining items of selection of scenarios ranking higher than the 

other scenarios in terms of the expected loss, the number of 25 

scenarios to be targets of the selection, and the profitability 

based on the expected revenues, the expected losses, and the 

ownership ratios, as the Ising model. 

 

[Claim 6] 30 

 The portfolio creation assistance method according to claim 

4, wherein  

 the information processing device is a CMOS annealing 

machine configured to solve a combinatorial optimization problem 

in regard to the Ising model. 35 
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[Claim 7] 

 A portfolio creation assistance system configured to 

present ownership ratios of a plurality of financial instruments 

owned by a user such that profitability of the user increases, 5 

the portfolio creation assistance system comprising: 

 a financial information delivery system configured to 

deliver attribute information on each of the financial 

instruments and information on an expected loss in each of the 

financial instruments associated with scenarios of event 10 

occurrence; 

 a portfolio creation assistance device configured to 

  calculate a predetermined formula as an Ising model 

based on the attribute information and the information on the 

expected loss received from the financial information delivery 15 

system, the predetermined formula describing expected revenues 

and expected losses associated with the event occurrence 

corresponding to each of predetermined scenario groups when the 

predetermined scenario group is adopted to a portfolio formed by 

combining the plurality of financial instruments at predetermined 20 

ownership ratios, and 

  compute information on the ownership ratios at which 

profitability obtained from the expected revenues and the 

expected losses as a result of the calculation is maximized; and 

 a user terminal configured to display the information on 25 

the ownership ratios received from the portfolio creation 

assistance device. 

 

[Claim 8] 

 A portfolio creation assistance method of presenting 30 

ownership ratios of a plurality of financial instruments owned 

by a user such that profitability of the user increases, wherein 

 a financial information delivery system, a portfolio 

creation assistance device, and a user terminal are coupled to 

one another via a network to be communicable with one another, 35 
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 a financial information delivery system delivers attribute 

information on each of the financial instruments and information 

on an expected loss in each of the financial instruments 

associated with scenarios of event occurrence to the portfolio 

creation assistance device, 5 

 the portfolio creation assistance device 

  calculates a predetermined formula as an Ising model 

based on the attribute information and the information on the 

expected loss received from the financial information delivery 

system, the predetermined formula describing expected revenues 10 

and expected losses associated with the event occurrence 

corresponding to each of predetermined scenario groups when the 

predetermined scenario group is adopted to a portfolio formed by 

combining the plurality of financial instruments at predetermined 

ownership ratios, and 15 

  computes information on the ownership ratios at which 

profitability obtained from the expected revenues and the 

expected losses as a result of the calculation is maximized, and 

 the user terminal displays the information on the ownership 

ratios received from the portfolio creation assistance device. 20 

  


