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Abstract

This paper proposes a solution to a certain two-alternative problem of aviation transportation
optimal organization in conditions of uncertainty of the subjective preference functions. Conditional
optimization of the objective functional containing the entropy of the individuals’ operational
effectiveness functions preferences is carried out in the framework of the simplest variational problem.
The advantages of the described optimization approach are demonstrated in the generalized terms of
the operational effectiveness functions for aviation transportation organization.
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INTRODUCTION

Entropy models are important for substantiating the evolution of developed situations with
uncertainties. Optimality in the organization of aviation transportation needs to be found in conditions
of uncertainty of the operational effectiveness functions. This involves rationality in economic behavior,
as noted by [1], and requires considerations of subjective factors in accordance with [2]. The combination
of the ideas of publications [1] and [2] has been discussed in a previous paper [3]. Uncertainty of
preferences was estimated in [2] and [3] using the entropy paradigm of [4-6]. The potential field
of application of such an approach is quite wide, ranging from environmental issues [7], the functioning
of companies [8], travel guidance optimality [9], as well as multi-factoring and dynamic modeling of
different kinds, as in [10-17], to the various problems considered in [18-22]. Some prospective
applications of the approach considered herein are proposed to be applied to the issues initiated in
publications [23-28]. The objectives of the presented paper are to continue and develop the topics
initiated in [3, 1217, 22], to show the existence of optimality.

PROBLEM STATEMENT

The approach proposed herein takes into consideration the uncertainty of individuals’ preferences in
regards to the specified two-optional effectiveness functions of the organization of aviation transportation.
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The objective functional is as in [2, 3]:

®, =tf[—]§2ni (6)n, (6)+ B| m, (¢)x(0) (1) + oy (t)%DwF% (t)—l}dt, W

where [, t,] is the period of integration; 7,(f) are the subjective preferences functions that the individuals
distribute according to the options (alternatives): x(£)x(#) and X(¢)/[x(#)] correspondingly; x(f) and x(¢) are
the basic aviation transportation organization optional effectiveness functions, where %(¢) = dx/(dt);
a and f are the corresponding coefficients used for evaluating the distribution of the above-mentioned
preferences in accordance with the alternatives or options, a also being applied in order to set the measurement
units and dimensions in correspondence and y being the normalized conditions coefficient.

PROPOSED SOLUTION
Entropy Conditional Optimization

The first member of the objective functional (1) is the entropy of the available options’ subjective
preferences functions 7,(f):
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Therefore, the optimization of the value (1), in the mathematical sense, could be considered as
the conditional extremum of the degree of subjective preferences uncertainty, which is expressed with
the entropy formula (2), subject to the constraints of the conditions of the subjective effectiveness
function:
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and the normalizing condition described by:
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Both restrictions (3) and (4) are taken into account and introduced with the corresponding
Lagrange uncertainty multipliers (or weight coefficients) f and y, assuming the subjectively estimated
role of the described factors [2, 3].

Conditional optimization of the objective functional (1) deals with the necessary extremum
conditions expressed in view of the Euler-Lagrange equation system:
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where R is the under-integral function (integrand) of the objective functional (1).
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Solution to the Simplest Variational Problem

In the considered case:
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the system of equations of (5) works out to:
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In accordance with (7):
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From which we derive:
T = e_l+ﬂxx+7 = ey_leﬁxx, Ty = e_1+aﬁ;+y = ey_leaﬂ;. (9)

Normalizing the condition yields:
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The dependencies obtained from (1) — (10) are:
X
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For the extremal of x(f), at § # 0, we can find:
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For the presented problem, setting:
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7= — X
dt ox ox
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Substituting (17) and (18) for (13), we can derive:

7ty = Bxmm, [—:—z—ljfc+ By [%—x] X. (19)
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Substituting (16) and (19) for (12), we can derive:
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Canceling for 77, = 0, this yields:
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From which we derive:

ANALYSIS
Optional Method
The same result as (23) follows directly from (12) at 7, # 0. Indeed,
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In such case as considered here, (1) — (24):
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The result of (25) ensures a maximum value to the entropy (2).

Other Solution

(20)
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Another solution than the one that has been obtained here has to be found on the condition of:
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Possible Modifications

As a whole, the subjective effectiveness function (3) can be modified in many ways, for example,
it might include members with combinations of the basic aviation transportation organization optional
effectiveness functions of x(f) and %(¢). In order to check the extremality of the obtained solutions,
the method of variations can be proposed.

Distinguished Certainty

In case of modeling the certainty or uncertainty with respect to the “right” or “wrong” (“good” or
“bad”) attainable options or alternative distributions in aviation transportation organization, a hybrid
model of the combined pseudo-entropy function of the subjective preferences [22] can be proposed:

_ H_—-H_ Arx
H ——max 7w 7 (27)
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where A, is the maximum value of the entropy:
H_ ..=IhN, (28)

Ar is the factor or index of the options or alternatives o; preferences functions 7(o;) dominance or
prevailing:
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where 07 are positive and o are negative alternatives or options correspondingly; M is the number of

the positive alternatives and L is the number of the negative alternatives, respectively:

M+L=N. (31)
CONCLUSION

We conclude that the objective functional containing the uncertainty measure of the preferences
functions of the aviation transportation organization optional effectiveness functions has a solution
in the framework of the simplest variational problem setting, which delivers a maximum value to
the preference function entropy.

For modeling the certainty or uncertainty with respect to the “right” or “wrong” (“good” or “bad”)
attainable options or alternative distributions in aviation transportation organization, a hybrid model of
the combined pseudo-entropy function of the subjective preferences has been proposed.

In future research, it is proposed to search for an optimal solution with respect to the second-order
differential equation.
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