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The usefulness and risk of the decisions made in the form of gain and loss depends on the preferences of the person making the decision [1-4]. In recent decades, there has been a scientific discussion between supporters of rational behavior in the preparation and decision-making process and supporters of taking into account the irrational behavior of decision-makers because of their "asymmetric reaction to possible losses and acquisitions" [1; 2]. 
Opponents of the discussion, Vernon Smith and Daniel Kahneman, held opposite positions. However, the Nobel Prize Committee in 2002 made an unbiased decision: together they received the Nobel Prize [2].
Decision theory and practice confirm the need for both a rational and a heuristic beginning. In this case, three stages are inevitable: the stage of preparation of the solution; the stage of the actual decision-making; the stage of forecasting the consequences of the decision.

The first stage is implemented using a utility model and a risk model. It should adequately reflect the relationship levels of acquisitions and losses with the likelihood of their occurrence in the face of competition.

The second stage involves a person who, as a rule, "asymmetrically reacts to possible losses and acquisitions", preferring to reduce risks by the price of refusal of possible acquisitions.

The third stage, as a rule, is expedient to devote to the experimental and computational forecasting of the consequences of the solution by processing a limited set of initial data obtained, for example, in the course of a business game, where the role of a competing party is played by their own persons.
The aim of the study is to develop a theory of expedient, compromise, behavior based on the interrelated application of these three stages.

At the first, most laborious stage, as the basis of the model of the utility function and risk, which describes acquisitions and losses towards the goal of the operation, it seems expedient to choose, for example, a development curve of the logistic type for both gains and losses.
The second stage is heuristic. He has a purely personal character. Displays the preferences of the decision maker. The time spent on this stage is less than the realization of the first stage, on average about seven times. This assumption is based on a generally accepted recommendation, known from the experience of preparation and decision-making: "Measure seven times - once cut!".
The third stage is no less labor-intensive than the first. It is aimed at predicting the consequences of the decision taken in the context of uncertainties of a random and antagonistic type. In other words, the consequences of the decision depend on the cumulative set of unforeseen contingencies and the reactions of competitors.

Therefore, the basis of the initial data for forecasting can form the previously observed results of a decision taken under similar conditions.

More reliable are the experimentally obtained baseline data on the impact of counteracting factors on achievable acquisitions and expected losses.

Finally, a less costly basis for solving the problem of acquiring data for forecasting can be the results of a specially organized business game. The role of the opposing party should be performed by specially appointed, trained managers with a wealth of personal experience.

In any situation, an objective forecast is needed for the development of the process of achieving the goal of the operation. This goal must be expressed, first of all, by a quantitative characteristic. A suitable characteristic is the probability of achieving a given value of the gain and the magnitude of losses under the action of de-deterministic and random factors.

An objective forecast is possible provided that the main mechanism that generates changes in the trend of the process is constantly working and its intensity of impact is practically not changed [5, 6].

So, the proposed theory of trade-offs in decision making is based on: a step-by-step construction of the utility function and risk; on the account of the asymmetric ratio of IDPs to losses and acquisitions; on the statistical prediction of the parameters of the utility function and risk.

The utility and risk function should adequately teach the simultaneous counteraction of the factors contributing to the achievement of the objective of the operation and the factors that impede the achievement of this goal.
1. Building a utility function and risk
To construct the utility function and risk, we introduce an auxiliary function - the probability f to reach or exceed the random value of winning a given value of this win, which is v ≥ 0. In this case, under the conditions of counteraction of many factors, the probability of failure to achieve this result is (1- f).
We assume that the rate of change of the function f as its argument v changes,

in the conditions of simultaneous counteraction of differently directed random factors, is proportional to the product of the specified probabilities. This product must be taken with some coefficient of proportionality a1, which has the meaning of an indicator of the diversity of the intensities of counteracting factors (competitors' confrontations). In a situation where the intensity of the influence of the factors contributing to the win exceeds the intensity of the impact of the obstacles, the coefficient a1 is a positive value. This means that in the situation under consideration, when the intensity of counteraction of competitors is weak, we obtain a dependence, the model for the development of the function f (ν) in the form of a differential equation  
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We solve equation (1), for example, under the initial conditions f (ν = ν01) = 0,5, which are characteristic for some specific level of the payoff equal to ν01, when the expected success and failure are equally probable. We obtain the integral dependence of the probability f of exceeding the random value of the gain of a given level equal to ν in the form (Fig.1) 
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Fig. 1 The dependence of the probability of exceeding a given level equal to ν, the random value of the gain
We introduce a new auxiliary function, namely, probability (1 - f) of the non-occurrence of a random negative value of losses of a given level equal to v ≤ 0. In this case (under conditions of counteraction of many factors) the probability of exceeding this loss level is equal to f.

We assume, as before, that the rate of change of the function f as its argument v changes in the conditions of simultaneous opposition of competitors, is proportional to the product of the specified probabilities. This product must be taken with a proportionality factor, which in this case is negative, i.e. a2 <0. Since it is a parameter of the difference in the intensities of counteracting factors, since the factors that cause losses naturally prevail.

In this situation, when the intensity of counteraction of competitors is predominant, we obtain a dependence, the model of the development of the function
 f (ν) in the form of a differential equation
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We solve equation (3) with initial conditions f (ν = ν02) = 0,5, characteristic for the level of losses equal in absolute value ν02> 0, when the expected events of exceeding and exceeding the specified level of losses are equally probable, we obtain the integral dependence probability f of exceeding a given level equal to ν, a random value of losses in the form (Fig. 2)
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Fig. 2 The dependence of the probability of exceeding a given level equal to ν, the random loss value

In constructing the utility function φ and the risk of the consequences of the decision made by the decision maker for an asymmetric relation to the expected losses and gain, when (ν02 < ν01), it is advisable to present the obtained dependences (2) and (4) in the form (Fig.3)
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 φ(ν,α1,α2, ν02 < ν01) =    
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Fig. 3 General view of the utility function and the risk of decisions taken when

asymmetrical ratio of the decision maker to expected losses and acquisitions
Since such a function is discontinuous at the zero value of its argument, then it is expedient to study its continuous branches separately. This is important in the presence of a sufficient set of initial data for its reasonable construction and is especially important in the context of the asymmetric attitude of the decision-maker (LD), to the expected losses and acquisitions, when the level of asymmetry of its relationship is known.
The resulting function is discontinuous for the zero value of its argument. Therefore, further it is expedient to study its continuous branches separately. This is important if there is a sufficient set of initial data to build it with greater accuracy.

 The study of the branches of the utility function and risk separately is especially important in the context of the asymmetric attitude of the decision-maker (LD) to the expected losses and winnings.

It is advisable to take into account that the level of asymmetry of the ratio of risk-taking to risk and acquisitions can be objectively established, for example, during a business game, in conditions close to those that are actually possible.
2. Taking into account the preferences of the decision maker 
at various levels of uncertainty
Differences in the intensities of counteracting factors quantify the relationship between the level of expected gain (acquisitions) ν> 0 with the probability of its appearance and the relationship of the expected loss level ν <0 with the probability of observing such a level. Naturally, the dependence is built by analyzing the data on competitors and their capabilities, as a result of an objective assessment of the situation. However, the dependence of the utility function and risk (Fig. 3) is also subjective, since It also reflects the personal views and preferences of the decision maker.
In the conditions of competition of competitors, according to the results of studies of Nobel laureate D. Kahneman, the subjective behavior of the decision-maker, whose cause is the psychological characteristics of the decision maker, is manifested. "A person is afraid of losses, that is, his sensations from losses and acquisitions are asymmetric. People are willing to take risks to avoid losses, but are not risk-averse to gain "[1].

It is clear that under different conditions of uncertainty in the initial data, this behavior of the decision maker (when constructing the utility function and the risk φ(ν)) should be taken into account unequally. Apparently, the lower the level of these uncertainties, the more accurately it is expedient to take into account the difference between the parameters ν01 and ν02 (Fig. 3).

It follows from (5a) and (5b) that if the indicator α of the reaction intensity of competitors before the decision is accurately known, then the values of the utility function and risk can be calculated for a given value of gain and loss. This indicator of the intensity of the reaction of competitors can be calculated, for example, taking into account the assessment of the situation before the decision is made (calculated as the difference in the intensities of measures taken by competitors during a given time).
The values of α and ν0 in practice are usually unknown, then they should be determined by methods of statistical estimation of the set of several discrete values of the function φ at the origin (Fig. 3).

We are talking, for example, first about discrete values for the right branch of the utility function and risk (5a). The values must be taken at the origin of this function, taking into account the preferences of the LPR and some of the expected values of the win in the interval of their small values.

According to (5a), this branch of the function (5) has the form
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 After finding, for example, by the method of maximum likelihood, optimal estimates of the parameters α and ν0 of the utility function (6) from the experimental data of the business game, we substitute the obtained estimates into the function (5a).

Having obtained similar estimates for the left branch (5b) of the function (5), we obtain the resulting function, which becomes the forecast trend of the consequences of the decision of the decision maker. The consequences have the form of the corresponding dependencies of the probabilities and on the loss levels, and on the levels of acquisitions. Let us discuss this path in more detail.
3. Algorithm and errors of predictive estimates of the maximum likelihood
 of the parameters of the utility function and risk
Joint estimates of, a and v0, i.e. parameters of the function (6) by statistical processing of several of its discrete values taken at the origin of coordinates cannot be found without taking special measures for the linearization of this function. Therefore, we will find them in two steps. First, from the known discrete values of the function (6) on the initial part of its arguments, we find the reference values of the required parameters: 
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Let some values of the right branch of the utility function and risk be known          
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The values of the right branch of this function, taken at the ends of the interval on the interval ν> 0, have the form:
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Then we find the required reference values of the parameters of the function in accordance with (6) in the form:


[image: image21.wmf]011

11

{ln(1)(1)}/()

mm

ajjnn

--

éù

=---

ëû

;


[image: image22.wmf]{

}

0111

01111

ln(1)()/ln(1)/(1)

mm

nnjnnjj

---

éùéù

=-----

ëûëû

.                            (7)

To find optimal estimates of the parameters, a and v of the right branch of the utility function and the risk (6) using the maximum likelihood method, taking into account their reference values and all values on the interval known with the given errors, we introduce the notation:   
                                    
[image: image23.wmf],

;

2

0

2

2

0

0

0

1

0

1

1

0

a

a

a

a

a

a

a

a

a

D

+

=

=

D

+

=

D

+

=

=

D

+

=

v

v

v

           
         We expand the function (6) in a Taylor series with respect to these parameters in the neighborhood of the vector (α01, α02) and restrict ourselves to the first terms of the series. In doing so, we get:
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where   
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For all ν1, ..., νk, k = (1 ... m), expressions of the type (8) form a system of the form
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Before proceeding to the calculation of the vector of the required parameter estimates, we find, using the Sarrus rule, the determinant of the Fisher information matrix, which, according to (10) and (11), is equal to:
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From (12), bearing in mind (9), we can conclude that the determinant of this matrix is not zero. Consequently, when solving equation (10), one can obtain the estimates α, ν0 for the right branch of the forecast function (5), which have finite duperies.

We take into account the inaccurate description of the dependence (11) on the interval [v1, vm]. The values of the vector C contain an error. Consequently, we have a random vector  
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Its implementation has the form
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If the errors in describing the regularities are normally distributed with zero mean value, then their probability density has the form 
                                      
[image: image31.wmf]{

}

.

exp

)

2

(

)

(

1

2

1

2

d

d

p

d

j

-

-

-

-

=

П

П

T

m

                                      (14)
The likelihood function of the parameters to be evaluated, according to (14) with allowance for (13), is equal to 
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[image: image33.wmf]).

(

    

);

(

,

0

d

D

a

іст

y

y

A

A

=

=


For independent errors of the unequal description of the regularity of the change in the utility function and the risk φ (v), the matrix of covariance and its inverse are diagonal
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From (15), after differentiating and equating to zero the logarithm of the derivative, we obtain the likelihood equation in the form
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   The matrix 
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In accordance with (6-9, 17-18), as a result, the required estimates of the parameters of the function (5b) are obtained in the form of algorithms with allowance for the reference values.

  Evaluation of the parameter α, the intensity of the reaction of competitors, and the estimate of the parameter ν0, which corresponds to the half-level of the right branch of the function φ (ν, α, ν0), the utility and risk of decisions made by the decision-makers.
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The dispersions of these estimates according to (18) are
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We substitute the estimates (19) in the formula for the function (5a) and obtain the expected regularity, ie, the dependence of the right branch of the utility function and risk (5) on the expected wins in the form of the probabilities of the expected wins.

After applying the foregoing apparatus to estimate the predicted parameters of the left branch (5b), we obtain the expected dependencies in the form of the probabilities of the expected risks.

As a result, we construct the forecast utility function and the risk of losses (5) in a competitive confrontation as a result of the decision made by the decision maker, taking into account his asymmetric attitude to possible losses and acquisitions.

Let's consider further on a concrete example a sequence of forecasting of parameters of utility function and risk in the presence of the initial information in conditions of asymmetric ratio of decision-makers to losses and acquisitions.
Example. Let in the course of a business game the following dependencies are practically established
There are relative acquisitions (winnings), νk > 0, with corresponding probabilities fk (Table 1).
                                                                                                     Table 1
	  νk
	0,5
	1,0
	1,5
	2,0
	2,5
	3,0
	3,5
	4,0
	4,5
	5,0

	fk
	0,960
	0,859  
	0,857
	0,854
	0,850
	0,845
	0,839
	0,832  
	0,824
	0,815


Relative losses νk <0 with corresponding probabilities fk are observed (Table 2).
                                                                                                                 Table 2

	  νk
	– 0,5
	–1,0
	–1,5
	–2,0
	–2,5
	-3,0
	–3,5
	–4,0
	–4,5
	–5,0

	fk
	0,830
	0,828  
	0,825
	0,821
	0,815
	0,806
	0,795
	0,782  
	0,767
	0,750


Errors in the description of the regularity of the change in the probabilities of losses and the probabilities of acquisitions are commensurable. The variance of the errors is the same and equal to δ2 = 10-4.
Identify:
1. Parameters α1, ν01, α2, ν02 function of utility and risk taking into account the availability of source information and asymmetric ratio of decision-makers to losses and acquisitions.
2. Forecasted dependencies of loss probabilities and acquisition probabilities from expected levels of losses and acquisitions.
3. Graph of utility function and risk.


Decision
1. Parameters of the utility function and risk are found in the following sequence:
· the reference values for forecasting the right branch of the utility function and risk are obtained according to formulas (7), taking into account the data accumulated during the business game in the form:
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;
- substitute the obtained reference values ​​in (9) and find the terms of the Taylor series of each of the ten discrete values ​​of the right branch of the utility function and risk;

- write the expressions for the discrete values ​​of the right branch of the utility function and risk in explicit form, taking into account the discrete values ​​of the arguments of this function taken from the list of initial data;

- substitute in the matrix (19) and in formulas (20) the discrete values ​​of the right branch of the utility function and risk together with the reference values ​​of the parameters of this branch; find (along with the variance parameters of errors of its samples in discrete values ​​of the arguments) the required parameters α1, ν01 of the right branch of the utility function and risk (5);

- repeat all previous paragraphs of a similar procedure for the initial loss data, i.e. on the left branch (5b) of the utility function and risk; find the required parameters α2, ν02 of the left branch of the utility function and risk (5).
2. Substitute the found parameters into formulas (5a) and (5b) and obtain the forecast probabilities of the expected acquisitions and the probability of expected losses for the entire prospective range of their possible levels.

3. Construct a graph of the resulting (predictive) utility function and risk, similar to that shown in Fig. 3, taking into account the asymmetric ratio of the DPL to the level of expected losses and acquisitions. Provide a graph of the utility function and risk in the form of a set of its initial discrete samples of the function and its resulting continuous values ​​obtained as a result of an optimal estimate of the predictive parameters of this function (Fig. 4).
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Fig. 4 Type of prognostic utility function and risk, constructed from the data of a business game with an asymmetric ratio of decision-makers to losses and acquisitions
Using formulas (20) for variances of predictive parameter estimates for the trends of the utility function and risk, it is easy to calculate the confidence intervals for the upper and lower boundary positions of this function in the plane φ, ν.
Conclusions

1. The maximal likelihood estimates obtained allow us to have predictive values ​​of the utility function and risk for the gain and losses of the production level.

2. Using found forecast dependences, one can assess, first, the level of probabilities of achieving a given level of gain and loss; secondly, the level of expected losses and winnings, if an acceptable level of their probabilities is given.

3. Practical application of the described instrument does not cause any fundamental difficulties, especially when using a computer.

4. Essentially more complex is the problem of elucidating objective data on the relationship between the specific values ​​of the utility function and the risk (constructed taking into account the typical asymmetry of the ratio of LPR to losses and acquisitions) at discrete points of the argument of the function with its small values.

5. The errors in the forecast values ​​of the parameters of the utility function and risk depend not only on the level of uncertainties and / or errors in the initial data, but also on the duration of the initial interval of observation of the dependencies φ (v, α, v0) at the stage of initial data preparation for forecasting the consequences of the decision.
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