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CONTINUOUS ALTERNATIVE
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The article reveals an attempt to solve a problem of optimal control over the situation of multi-
alternativeness and proneness to conflict of operational modes. Due to the research, a new approach
discloses a scientific explanation and prognosis of the optimal ways of marine vessels operation and
control adjusting the environmental protection support on the basis of the subjective entropy maximum
principle. The attempt was made in application to the ballast water treatment. The author obtained
preferences distributions densities for a common continuous alternative on the basis of a special kind
functional with the effectiveness function set in a logical condition.
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Introduction. A discussion on the topic of the rational modes of operation concerning a
concept of ballast water treatment optimal intensity on the basis of multi-alternativeness initiated
in work [1] has many applications.

Urgency of researches. It is an actual task to prolong such a type of researches as a kind
of a process of a multi-alternative operational modes control for a few special cases of
alternatives and their possible combinations. It is an important scientific problem to generalize
previously obtained results.

Analysis of the latest researches and publications. In the previous publication [1] we
have theoretically considered and analyzed the processes of the ship water ballast treatment and
found the optimal value with the use of a preference function for a continuous alternative.

Similarly to that, it was considered some cases of alternatives in works [2, 3]. At the
decision making, the responsible person’s controlling behavior is driven by the laws of
subjective conservatism [4].

Theoretical foundations are monographs [5-7].

The necessary information for the illustrative applications is adopted from the
international source [8].

The task setting. In this paper we will be finding a continuous alternative preferences
distribution, common for two discrete alternatives, each of which has a continuous alternative in
the view of the common variated parameter.

The main content (material). The idea is to continue studying the operational modes
combinations started in [1-4] in order to generalize modeling dependences of control in
situations with possible alternative strategies, for example, applicably to a ship ballast water
treatment. The entropy of preferences is a tool.

The problem formulation. Accordingly to [1-3] we have got the solution of a simplest
variational problem in the view of the canonical distribution of the active system controlling
individual’s preferences on the basis of the subjective entropy extremization principle [4-7].

Now, let us consider a more general case with a functional with an integrand of a special
kind.

Let the first alternative strategy or operational mode is given with the functional
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where [XO...Xl] — possible changing diapason of the continuous parameter X; rcl(x) — function
of the individual’s subjective preferences distributed on the set of reachable for the responsible
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person’s goals continuous alternative related to the parameter of x; B,, y — structural parameters
[1-71; R,(x) — function of effectiveness.
For the second alternative
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Herewith in the expressions of (1) and (2) we imply the same possible changing diapason
of the continuous parameter x. However the structural parameters y may be different, although

we do not distinguish them, denoting as the Lagrange uncertainty multipliers.
For the common distribution in the case of these two competing alternatives we have got
the analogous view functional

o j[- X)inz(x)— (xR (x)]dx+7ﬁ7r(x)dx—1}, 3

X

but, the integrand in (3) is given with the logical equation

R(X)— Rz(x) if Rz(x)< R1(X)’.

~ |R(x) otherwise. )

The sign «<« in combination with «—B« at >0 is for the minimal value of ®_. In
case of searching for the maximum, they should be changed for the opposite.

The condition (4) does not mean choosing either m,(x) or m,(x) depending upon the
relative function of effectiveness. It will be illustrated with the problem solution that it is not just
a choice of m, and m,.

The problem solution. On choosing the desired view of the operational funcitional (1-3)
with respect to the equation (4) we get the canonical distributions of the subjective preferences
applying the necessary conditions for extremums in the view of Euler-Lagrange equations for the

variational problems
oR" d[oR
= 27 -0, 5

o, dX(@n{J ®)

where R™ — the under-integral function of the corresponding integral (1-3); m;, — the first

derivative of the corresponding sought preference function with respect to the independent
variable x.
In our simplest case

=0,
o, (6)
therefore
OR"
- =0. 7
on (7)
Using (5-7)
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-BiRi (%)
m(X)=
J.efﬁiRi(X)dX (8)
For the common distribution in the case of (3), the expression (8) gets the view:
~AR(x)
()= 5
Xo

where R(x) satisfies the condition (4).

Practical application of the problem solution. For a practical application of the
problem solution we consider, for example, a concept of [1-3].

For the ship operators, the major problem is to make optimal decisions concerning the
modes of operation and effective functioning of their vessels.

According to [8] and following [1] we will consider a variation of the controlled
parameter x (the intensity of the ballast water treatment) and a few, however, principal functions
dependent upon the parameter. These are: Y(x) — harmful effects in total, resulting from the
ballast waters organisms, their sediments, and other negative factors that accompany the
processes of the ballast water treatment; S(x) — total, separately for the spent efforts, effects of

the treatment implementation; and the summary result: R(x) of the both effects: Y(x) and S(x),
which on condition of a common dimension would be
R(x)=S(x)+Y(x). (10)

The environmental protection engineering paradigm says that Y(x) has a general
tendency for decreasing and S(x) — for increasing while the intensity of the corresponding
environmental protection measures support: x grows. In such circumstances we look for the
minimal value of R(x) with respect to x, which is believed to be the optimal.

Taking into account the discrete or continuous character of the parameter of x, we
consider a corresponding set of operational alternatives and get the operational controlling
functions in the view of canonical distributions of individual preferences [1-7] that symbolizes
the effectiveness of the vessel’s functioning, thus the optimal control of her operation in the
situation of multi-alternativeness.

As for a ship ballast water treatment, numerical simulation with the use of some
mathematical modeling dependencies demonstrates the optimal generalized intensity of the
ballast water treatment.

Supposing the continuous character of the intensity x in the possible changing diapason
[xo...xl] and the mathematical modeling dependencies similar to [1]

Y = ’
)=o) (11)
where a and d — parameters;
S(x)=b(x—dY, (12)
where b and ¢ — parameters; we obtain the model for expression (10):
¢ 1
R(x)=b(x—-d :
()=blx-d) +2r (13)
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In analogy to [1]-[3], we define the operational functionals (1-3) with respect to the
equations (4), (10-13).

The sought individual’s preferences functions will have got the canonical view (8), (9)
accordingly to the considered problem setting.

It is quite easy to check that, obviously, the normalizing conditions in each problem
setting are satisfied:

X

j n(x)dx =1. (14)

Xo

The researches results. The calculation experiment for (1-14) with the assumed data is
illustrated in fig. 1.
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Fig. 1 — The optimal values of the operational alternatives as the intensity of the ballast water
treatment and its controlling functions as the individual preferences function densities distributed
on the continuous alternatives

The assumed data accepted for the operational functional (1): x,=1; x,=3; a=0.5; ¢=3;
b=3; d =1; $=0.9.

For the second considered operational functional (2), there are differences in a=0.75;
d =0.657; and

S(x)=0.5+h(x—d) . (15)

From the diagrams in fig. 1 it is noticeable that for the common continuous alternative,
the preference function of T:(X) shows up a convenient shape of the normalized value with the
density distribution and relative magnitudes. This is not visible with the density distributions of

m,(x) or m,(x) only.
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The other case is shown in fig. 2.
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Fig. 2 — Change of the optimal values of the controlling functions as the individual preferences
function densities

In the case illustrated in fig. 2 it is visible that the density distributions of m,(x) and
nz(x) have not changed in comparison with the previous distribution. The difference was for
equation (15)

S(x)=1.5+b(x—-d)". (16)

The preferences for the discrete alternatives 71(x) and n2(x) show how much and which
of them is better just for a certain value of the independent variable of x. The preferences
distribution densities ,(x) and 7,(x) show the optimal values of the continuous alternatives

separately (see fig. 1 and fig. 2).

Conclusions. Due to the suggested approach, with the use of a functional compiled in a
special way (3) that implies a logic condition (4), the obtained preferences distributions densities
for a common continuous alternatives (9) allow carrying out a conflict free control of operational
strategies and modes, for example, a ship’s ballast water treatment.

The optimal control in the considered operational situations needs a comparison of the
initial discrete alternatives through their preferences functions.

Prospects of further researches. For further researches it is prospective to deal with the
entropy paradigm in studying multi-alternativeness of operational situations on conditions of
possible conflicts with the use of the methods (1)-(16) applicably to other more general cases of
operational control.
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Tonuapenxo A.B. IUIbHOCTI PO3MOJUIIB TEPEBAT JJI1 CHIJIBHOI HEINEPEPBHOI
AJIbTEPHATHBU

3oiticneno  cnpoby  posg’szamu  npoOneMy — ONMUMAILHO20 — Kepyeawws — OAs  cumyayii
bacamoanbmepHamueHocmi  ma  KOH@IIKMHOCMI — eKCiyamayitunux — pescumie. Y yil  cmammi
3anpoOnoOHOBAHO NIOXI0, WO 0A€ HAYKOBe NOACHEHHA Ma NPOSHO3 ONMUMATbHUX WIAXIE eKcnayamayii ma
KepyBanHs MOPCbKUMU CYOHAMU i3 YPAXYGaAHHAM NIOMPUMAHHS OXOPOHU HABKONUUHBO20 Cepedosulya Ha
OCHOSI npunyuny maxcumymy cyo exmuenoi enmponii. Cnpo6y 30ilicheHo y 3acmocy8anHi 00 0bpobxu
oaracmuux 800. Ompumano winbHocmi po3nodinie nepegae 015 CHiIbHOI HenepepsHoi anbmepHamueu Ha
OCHOSI (hyHKYIOHALY CneyianbHo20 6udy i3 (DYHKYIEIO eqheKmuUsHOCH, 3a0aHoI0 Yepe3 N02IUHY YMOEGY.
Knwuosi cnosa: mnebesneuni 6anmasici, WKIOIUSI pevosuHu, Oaracmui onepayii, excniyamayiina
epexmueHicmob, ONMUMANLHE KepPY8aHHsA, NPUHYUN MAKCUMYMY CYy0 €KmueHoi enmponii, eapiayiina
3a0aua, pienanna Eiinepa-Jlazpansica, winoHicms po3nooiny nepesae.

Tlonuapenxo A.B. ITUIOTHOCTU PACHPEJEJEHUN TIPEAIIOYTEHMI  JJI1  OBILIEHN
HEIIPEPBIBHOM AJIbTEPHATUBBI
Ocywecmenena  nonvimka — pewiums — npooieMy  ONMUMATbHO20 — YAPAGIeHus O Cumyayuu
MHO20ATbMEPHAMUBHOCU U KOHDAUKIMHOCIMU — IKCHIYAMAYUOHHBIX — pexcumos. B amoii  cmamve
npeonodcer Nnooxoo, KOMOpbvill Odem HAYYHOe O0O0bACHeHue U NPOSHO3 ONMUMAIbHLIX CNoco608
IKCNIYAMAYUY U YRPAGIEHUS MOPCKUMU CYOAMU C YUemom NOOOEPIHCAHUSA OXPAHBI OKPYJcatloweli cpedbl Ha
OCHOBe NPUHYUNA MAKCUMYMA CcYObeKmusHou sumponuu. lloneimka ocywecmeiena 6 NpuioiceHuu
K obpabomke bOanracmueix 600. Ilonyuensi niomuocmu pacnpedeieHuli npeonoumeHuil 0 ooduell
HenpepvliBHOU AlbIMePHAMUEbl HA OCHO8e (DYHKYUOHANA CNeYUuaibHo20 8udd ¢ QpyHkyuell s¢pgexmusnocmu,
3a0aHHOIL Yepe3 102uiecKoe YCaosue.
Kntouesvie cnosa: onachvle 2py3vl, @pedHvle Geujecmed, OALIACMHbIE ONEpPayuu, 3KCHIAYAMAYUOHHAS
IPpexmusHocmsb,  ONMUMATLHOE — YNPAGIEHUe, NPUHYUN  MAKCUMYMA — CYObeKMUGHOU  SHMPONuu,
sapuayuonHas 3aoaua, ypagrenue Jiinepa-Jlacpandica, NIOMHOCMb pacnpeoeietus npeonoymeHul.
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