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BATTLE PLANNING AND ORGANIZATION LOGISTICS SUPPORT IN THE FORMS

AND METHODS OF NATO STANDARDS MILITARY MANAGEMENT TOOLS
BASED ON THE USE OF THE GAME THEORY MATHEMATICAL APPARATUS

Abstract. The subject matter of the article is the analysis of the decision-making options for combat operations in the
sphere of operation of the S-4 section of the headquarters of the military unit. The goal of the study is the development of
the methodology of the military raffle according to NATO standards for the analysis of decision-making options for combat
operations by applying the mathematical apparatus of game theory. The tasks to be solved are: to conduct an analysis of
the methods recommended by NATO standards for a military draw; from the point of view their viability objectivity
assessing to formulate a matrix game based on an a posteriori analysis of action options to make a decision on planning and
organizing a battle in the field of the S-4 section operation. The methodological basis of the research was general scientific
and special methods of scientific knowledge. General scientific and special methods of scientific knowledge are used. The
following results were obtained: The adequacy of the mathematical apparatus of game theory for the formal description of
the decision-making process for combat operations, taking into account all possible risks, has been clarified. Conclusions
The method of analyzing options for making a decision on combat operations using the mathematical apparatus of game
theory is one that is devoid of subjectivity. The solution of the matrix game compiled on the basis of data on combat
operations in the sphere of operation of the S-4 headquarters section of the military unit is the basis of the methodology of
logistical support for the planning and organization of the battle in the forms and methods of the military management
toolkit according to NATO standards.
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Formulation of the problem and research tasks

Effective implementation of unit management
procedures and coordination of available forces and
means is impossible without taking into account risks,
situational conditions, own capabilities and possible
options for the enemy's actions. The analysis of possible
options for actions, including with the help of a military
raffle, is a promising toolkit of military management
according to NATO standards. Modeling a military
operation in the sense of considering the most likely and
dangerous options for the enemy’s actions and one's
own involves drawing up a table of analysis of options
for making a decision. Based on the selected evaluation
criteria, the headquarters determines the relative
effectiveness and objectivity of one course of action
relative to others. The analysis of action options for
decision-making is carried out on the basis of a matrix,
the values of the elements of which are determined by an
expert method, and during the briefing of the relevant
officials. Expert evaluations are usually subjective, and
the set of decision-making options with the help of
“brainstorming” may not be complete enough. Therefore,
the development of a methodology for the analysis of an
action option for making a decision on combat operations
based on scientific approaches is a relevant task.

Analysis of recent research and publications

Recommendations for planning and organizing a
battle according to NATO standards provide that for
each element of the method of conducting an operation
(combat operations) the possibility is assessed and the

necessity of carrying out appropriate security measures
for the use of units is considered.

At the same time, the forecasting of probable
measures of the enemy to mislead our units [1] is
carried out. At the stage of comparing options for
actions, the assessment is carried out in accordance with
the predicted factors (the function of conducting the
battle) and the expected factors (the ratio of the number
of forces and means and combat potentials).

Usually, the developed action options are
evaluated according to viability (realism) criteria:

— Suitable one consists in its adequacy to the
nature of future actions, real and predicted conditions of
the situation and the possibility of achieving the goal of
the operation (combat operations) in the event of its
implementation;

— Feasible one characterizes its compliance with
the available (allocated) time and amount of material
and technical resources for the operation;

— Acceptable one allows the rational use of forces
and means, resources and compliance with established
restrictions and acceptable risk, acceptable level of
losses;

— Distinguishable one consists in the presence of
characteristic features and its advantages and
disadvantages compared to other options;

— Completed one involves full disclosure of the
method of conducting the operation in all its
components. According to the authors, these criteria are
not devoid of subjectivity.

At the same time, the comparison of action
options, taking into accounts all possible risks and ways
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of reducing them, is widely used in business through the
application of the mathematical apparatus of game
theory [2]. Game theory is part of a larger theory that
studies optimal decision-making processes.

It provides a formal language for describing the
processes of making conscious, purposeful decisions
involving one or more people (options of action) under
conditions of uncertainty and conflict caused by the
clash of interests of each option.

The goal of the study is to formulate a matrix
game based on the analysis of action options to make a
decision on planning and organizing a battle in the field
of the S-4 section.

This goal defined the following research tasks:

to conduct an analysis of the methods
recommended by NATO standards for a military draw;

from the point of view of their viability objectivity
assessing to formulate a matrix game based on an a
posteriori analysis of action options to make a decision
on planning and organizing a battle in the field of S-4
section operation.

Main material

1. The analysis of the methods recommended by
NATO standards for a military draw from the point
of view of the objectivity of assessing their viability.
In the field of the S-4 section operation three methods
recommended for military drawing are considered used:
the belt method (Fig. 1), the avenue-in-depth method,
and the fixed zone method (box). Thus, according to the
method of belts, a strip (district) is divided into areas
(belts) located in width. It is based on a sequential
analysis of events in each belt. This method is based on
a consistent analysis of the situation in each zone. In
conditions of limited time, the commander can use the
advanced belt method. The improved belt method
divides the strip (region) of the operation into more than
three consecutive belts.

BELT 3 BELT 2

BELT 1
FEBA

/ROSE

\.FERA

Fig. 1. Improved belt method

It is advisable to use this method under the
following conditions:

— when actions in one part of the lane (district)
affect actions in another part;

— when the terrain is clearly divided into different
zones;

— during staged operations;

— when the enemy deploys in clearly defined belts
or echelons.

Belts should include:

— the drawing of actions along the entire front and
to the full depth of the task (the starting area, the
starting line of forcing, the lines of deployment, the line
of transition to the attack);

— introduction of a reserve / implementation of a
counterattack;

— capture of the object / defeat of the enemy.

As you can see, each course of action is subject to
analysis.

2. Forming a matrix (table) of analysis of
options for making a decision. Comparison of options
for action (CA) involves the analysis and evaluation of
the advantages and disadvantages of each of them.

Evaluation criteria are indicators used by the
headquarters to determine the relative effectiveness
and objectivity of one intelligence agency relative to
others.

The evaluation criteria developed prior to the draw
are reflected in the matrix and are an analytical tool that
the staff uses to prepare recommendations to the
commander.

The evaluation criteria are chosen by the
commander during a tactical meeting (briefing) on the
consideration of the CA or a tactical meeting (briefing)
on the analysis of the task.

Examples of evaluation criteria for offensive and
defensive operations may include:

— performance of the task within the limits of
acceptable losses;

— rules of hostilities;

— use of the requirements of the governing
documents (battle statutes, guidelines, instructions,
etc.);

— intention and instructions of the commander;

— risks.

The elements of such a table are usually certain
arguments in favor of a particular course of action.
Options for presenting the argument can be verbal
(“BMPs operate together with tanks™) or in coded form
according to a point or other defined scale. Staff
officials can use their own matrix (table) of analysis of
CA to make a decision, giving priority to their areas of
operation.

An example of the matrix of the analysis of
options for actions based on weighting factors is
presented in Table 1.

The matrices reflect the evaluation criteria
developed before the draw. They are an analytical tool
that the staff uses to prepare recommendations to the
commander. According to the existing methodology [1],
each argument is expressed through the number points,
which in ascending order reflects its influence on
decision-making.

For further formulation of the problem of choosing
the optimal course of action, it is proposed to arrange
the elements of the matrix by means of two-dimensional
indexing. An example of a generalized matrix (table) of
the analysis of action options for decision-making is
given in Table 1.
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Table 1 — A generalized matrix of analysis of options for making a decision

Evaluation CA1 CAZ CA] CAmM
criterion
Strengths Weaknesses | Strengths Weaknesses Strengths Weaknesses | Strengths Weaknesses

Criterion, Argumenty; | Arguments, Argument 11 Argument 11
Criterion, Argumenty; Argument,, Argument Argument
Criterion; Argument; Argument i, Argument i, Argument iy
Criterion, Argument Argument , Argument Argument ny

At the same time, the selection of the optimal In this case, decision-making will consist in

solution based on criteria with weighting coefficients
tends to sequential consideration of action options,
which in a certain sense reduce its effectiveness. It can
be noted that if the set of criteria does not fundamentally
affect the decision-making method, then the point
evaluation of the arguments makes it possible to reduce
the task of choosing the optimal CA to the classic
problem of solving game theory.

3. A matrix game based on action options. Let
us present the analysis matrix of action options as a
payment matrix of game theory.

Let m options of actions are considered, which
correspond to the set of strategies of the first player.
Each action option has n criteria for evaluating the
effectiveness of its strategy.

Arguments in favor of one or another criterion are
presented in the form of points that reflect the strengths
and weaknesses of each option.

We define the set of criteria by [2], i.e, m
strategies with a profit a;, >0 can be applied for each
action option, respectively,

i=Lm,j=1n,

which implement the strengths of the action option (the
odd columns of Table 1 are expressed by the number of
points and will be elements of the payment matrix).

Thus, the payment matrix is formed from the
winnings of a conscious player, and the task of finding the
best option for action, or a combination of several options
for action, is to find the optimal strategy of the first
player.

Since the actions of the second player are uncertain
for us, we will define this game as a game with nature,
and the corresponding evaluation criteria in terms of game
theory — as states  (strategies) of nature

I j=1m.
Thus, a payment matrix can be formed A={a;}

(i =1,n, n — the number of options evaluation criteria;
j =1m, m — the number of action options) will
determine the player's winnings when applying the j-th
strategy in the state of the i-th criterion, the matrix itself
will uniquely determine the decision-making situation

(conflict situation) , and the optimal solution will be
recognized through the winning of player A.

- * - - -
choosing some set{x;}, optimal in a certain sense. So,

in terms of game theory, this game can be classified as a
game with nature with a non-zero sum.

The game matrix or payment matrix will look like
this:

a1 a2 A

A= (1)

a1 @p2 Ann

Similarly, a risk matrix formed asR={r;}

(i =1,n— the number of options evaluation criteria);
j=1m, m- the number of action options) will
determine player A's risk in applying the j-i' strategy in
the state of the i-th criterion 1.

The elements of the mantissa R can be determined

on the basis of data on the weaknesses of an action
(paired columns of Table 2)

(2
i

The authors suggest using Wald's maximin
criterion [3], according to which the game with nature is
played as a game with an intelligent and aggressive
opponent who does everything to prevent us from
succeeding. The optimal strategy is considered to be the
one in which the profit is guaranteed in any case not less
than the specified one. The set of strategies of the first

player will be defined as
X ={xj}, i=Ln, j=1m. €))

Then we will consider the optimal strategy which
the average value of the winnings is the maximum:

n m
A(X) :ZZaijxij = max.
i=1j=1

(4)

And the average risk according to each criterion
satisfies the following restrictions:

<r?,i=1n, j=1m,

M:

j %

®)

i
j=1
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here n — the number of options evaluation criteria;

m — the number of action options.

In this case, the corresponding problem of linear
programming is formulated as follows:

To find

X ={x;}
maximizes the objective function (4) under restrictions

(5).
To get closer to the main theoretical provisions of
classical game theory, the value of the risk matrix is

7 ,0<r’ <1i=1n, j=Lm.  (9)

300 _ :
R - J

3a0
L'm

Methods of solving matrix games are known. For
example, the problem can be reduced to a linear
programming problem [4].

roposed to be normalized by rows .
prop y Conclusions

=g ©

=
A
i-1

thereby giving them a sense of probability

1. The method of analyzing options for making a
decision on combat operations using the mathematical
apparatus of game theory is one that is devoid of
subjectivity.

2. The solution of the matrix game compiled on

O<r’ <1 ) the basis of data on combat operations in the sphere of
Ly== operation of the S-4 headquarters section of the military
where i—1n j=Lm ®) unit is the basis of the methodology of logistical support

for the planning and organization of the battle in the
forms and methods of the military management toolkit
according to NATO standards.

Then the values of marginal risks will be intuitive
and will form a column vector
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JloricTuyHe cynmpoBoOI:KeHHsI IJIAHYBaHHSA Ta opraHizauii 6010 y ¢popmax i MeTonax iHcTpyMeHTapil BiiicbKoOBOT0
MeHEKMEHTY 32 CTAHAaPTAMHU HATO HAa OCHOBi BUKOPHCTAHHS MATEMATHYHOI'0 anapary Teopii irop

O. A. Maxoros, O. B. Cepnyxos, T. B. Pu6ak, O. B. Tepeuienko, O. O. JlaspyT, B. M. Cyxorenmuii

Anortanisn. [IpexMeToM BHBYEHHS B CTAaTTI € aHANI3 BapiaHTIB NPUHHATTS pilleHHS Ha O0HOBI Oii B cdepi
GbyHKioHyBaHHs cekuii S-4 mTaly BificbKOBOTO mifpo3ainy. MeTow cTaTTi € po3podka METOMKH BiHCBKOBOTO po3irpairy 3a
cranmapramu HATO a1 ananmi3y BapiaHTiB NPHUHSTTS pillleHHs1 HAa OOMOBI JIiff IJIIXOM 3aCTOCYBaHHS MATEMAaTHYHOTO anapary
Teopii irop. 3aBmaHHs nociimkeHHs: [IpoBecTu aHami3 MeTOMdiB, pekoMeHmoBaHUX craHmapTaMmu HATO mis BificbkoBOro
posirpaiy, 3 TOYKH 30py 00’€KTHBHOCTI OLIHKH iX JKUTTE3naTHOCTI (peanictuunocti). ChopMynoBaTH 3aady aHaii3y BapiaHTIB
I 7U1st TPUAHATTS PillIeHHs Ha TUIaHyBaHHS Ta opraHizaiiro 6ot y chepi GpyHKIiOHYBaHHS cekiii S-4 BiHCBKOBOTO IMiApO3aily
B TepMiHaX Teopii irop. MeToI0MI0TiYHOI0 OCHOBOIO JOCIIKEHHS CTalli 3arajbHOHAyKOBI Ta CHEliaibHi METOAH HAayKOBOTO
nizHaHHA. OTpuMaHi HACTYnHi pe3yJbTaTh: 3’5COBaHA a/JeKBATHICTh MaTeMAaTHYHOTO amapaTy Teopii irop st (popMaIbHOTO
OMHCY TIPOLeCy MPUHHATTS pillleHHs Ha O0WOBI Hii 3 ypaXyBaHHSIM ycCiii MOXIMBHX PH3HKIB. BucHOBKH. MeTonnka aHami3y
BapiaHTIB MPUIHATTS pilleHHs Ha OOWOBI Jii 32 JOMOMOroK MaTeMaTHYHOTO amapaTy Teopii irop € Takoro, mio mo30aBiieHa
cy6’extuBHOCTI. P03B’s13aHHST MaTpUYHOI I'pH, CKJIQJEHOI Ha OCHOBI JaHMX cekuil S-4 mraly BificbKOBOrO Miapo3ainy Impo
pe3ynbTaTH 001OBOi omepalii € aZeKBaTHUM 3alpPOIOHOBaHIH METOAMKH JIOTICTUYHOTO CYNpPOBO/UKEHHS IIaHYBaHHS Ta
opraizarii 600 y ¢popmax i MeToax iHCTpyMEHTapilo BiHCHKOBOTO MEHEPKMEHTY 3a crangaptamu HATO.

KawuoBi ciaoBa: BapianTH NpUHHATTS pimieHHS, cekuis S-4 mraly BilickkoBoro mraly, BiiCBKOBHII posirpamr 3a
crangaptamu HATO, matpuyna rpa.
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