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Y pobomi posensinyma 3adaua po3nodiny pecypcie asmomamuso8anoi CUCTREMU YNPABLIHILA CReUIaIbHO20 NPU-
3Hauenmst 6 ymosax nedocmammocmi ingopmauii npo possumox onepamusioi obcmanosku. 06 exmom 0ocaioncens
€ ABMOMAMU308ANHA CUCTIEMA YNPABIIHHS CREYIAILHOZ0 NPUSHAUEHHS 8 YMOBAX HEeBUSHAUEHOCMT 0NepamusHoi
obcmanosku ma obmedgcernocmi obuucmosarvnux pecypcie. Oonum 3 naubirvuw nPoOIeMHUX MICUb NPU PO3NOJLLT
pecypcie asmomamu3o8anoi cucmemu Ynpasiinns € Hu3oka SKicmv nAaHyeants, po3snodily ma eUKOPUCTANHS
Pecypcie asmomMamu308anoi cucmem 8 Ymosax Hedocmammocmi ingopmayii npo onepamueny 06CMano8Ky ma
eiacymﬂicmb MOICAUBOCTL NPOZHO3YBAHNS 81'12 npomusnuxa. Lle snuicye egbexmu(micmb K caMOi' cucmemu, max
YMOBU MONCAUBOT N0BU HA 6X001 be3niui 30Ypen, uo 8Paxosye 0COOIUBOCI NOMOUHOT ONEePAMUBHOT 0OCTNAHOBKU
npomixanus 30poiinoz0 KOHGIKmMyY ma 0036015€ NPOBECU NPOZHO3YEAHHSI CMANY ABMOMAMUI0BANHOT CUCTNEMU
ynpasninus. B x00i nposedenozo docidicens asmopamu pobomu Oyiu 6UKOPUCANT OCHOBHI NOJONCEHH MeoPii
MAc08020 00CAY208Y8aNNH, MEOPI ABMOMAMU3AUIT, MEOPil CKAAOHUX MEeXHIUHUX CUCTEM, d MAKONC 3A2aIbHONAY -
K061 Memoou nisnamnns, a came anaiizy ma cunmesy. Hosusna s3anpononosanoi mooeii nonszae 6 momy, uo 60Ha
0036056 00rpYyHMysamu dexomno3uyio cucmemu. Ile 0o3souse npedcmasumu piwenis 6eKmMopHoz0 3a60anis
onmumizayii 6 GiHapHUxX GIOHOULEHHAX KOHDIIKMY, CRPUSHIA Ma 0aTYICHOCMI. A MAKONHC 8PAX0BYE ONEPATNUBHY
00CcManoeKy ma 0036015€ NPOGECNU NPOZHOIYEAHHSL CIAHY CUCTNEMU 3 YPAXYBAHHIM 308HIUUHIX 6NAUBIE, N0OYY-
samu QYHKYii KOPUCHOCMT MaA 2aPAHMOBAN020 BUZPAULY, G MAKONC YUCETILHY CXEMY ONMUMIBAULT HA Uil MHOJICUMNI.
3anpononosana modeiv 003601ums nidsuuumu onepamusnicms 06podxu indopmayii 3a paxynox ii posnodiuy
ma pavionarviozo UKOPUCTIAHHS HASGHUX 00UUCTI08ANLHUX pecypcis. Pesyivmamu docrioxcennss 0ouiiono
BUKOPUCTNOBYBAMU Ni0 UAC NIAHYEANHS KOHDizypauii cucmemu nepedaui 0anux ma Ha emani ONepamusHozo
YNPasiinmus pecypcamil 3a3HAUeHUX CUCTEM.

Kmouosi cnosa: cucmemu ynpasiinns, onepamusia 06CManoeka, AKicmy nianyeanus, dinapue ioHoOuLleHHs.
KOHGAIKMY, onepamusHicms nepedaui ingopmauii.
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1. Introduction

The distribution of resources of the special-purpose
automated control system (ACS) is a function of the sys-
tem to regulate the use of its resources in the presence of
uncertainty about the nature of the conflict using various
means of confrontation (destruction of targets). And also
because of the inconsistency of the current operational
situation with the planned method of using ACS as the
most effective for a certain time.

The allocation of resources provides a series of tech-
niques that help the decision-making element (DME) in
achieving the best results. In this case, the task of the
DME is to find ways to respond flexibly to changes in the
operational environment in order to minimize the impact
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of the current situation on the automated control system
using the means of distributing its resources.

However, existing approaches to the allocation of resources
do not satisfy the requirements that apply to them, namely:

— great computational complexity [1, 2];

— need to know complete information about the state

of the system and the actions of the enemy [3, 4];

— inability to predict the actions of the enemy on

the state [5-7].

In this regard, it is necessary to develop a model for
the distribution of ACS resources in conditions of insuf-
ficient information on the operational situation, taking into
account the essential features of the course of the armed
conflict in a specific situation. So, the object of research is
an automated control system for special purposes in the
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face of uncertainty in the operational environment and
limited computing resources. And the aim of research should
be considered to increase the efficiency of the ACS func-
tioning by increasing the efficiency of the distribution of
ACS resources.

2. Methods of research

The resulting control u, which affects the control object,
is formed by two components, such as software (plan x),
and corrective (operational control ¢) [1, 2]. This type of
control can be represented in different ways: as the sum
of two components, or some other given by their function:

u=x+yoru=F(x,y). (1)

The operating party must ensure that all conditions
of admissibility of the resulting control are met, can be
briefly written as follows:

uel(e), (2)
where U — a given set in the functional space of controls,
depending on perturbations €. In addition, the operating
side is trying to maximize the quality criterion of controls,
which is also affected by perturbations:

J (u,€) - max. 3)

Records (2), (3) show a significant feature of ACS
in conditions of insufficient information on the develop-
ment of the operational environment: the quality criterion
and the conditions for admissibility of control depend on
perturbations.

Then, the inverse influence of the control on the set
of expected perturbations E, is taken into account. Based
on a priori information I(Z) about perturbations, the ope-
rating side determines the plan x in advance:

x=X(I(2)). (4)

The next step will be to consider two options for a priori
awareness |7, 8]:

— only a lot of future perturbations Z, are known,

which is set, for example, by the limiting values of per-

turbations;

— only a distribution function of perturbations p(Z) are

known, that is, the probability with which perturbations

can fall into any subset = of the original set Z.

Operational control is formed after planning, in the
process of functioning, using information i(e) about the

perturbation. This makes it possible to compensate for
some unwanted effects:

y:Y(x,i(s)).

By operational control algorithm is meant a complete
list of actions for each of the existing implementations
€ e Z,. The construction of such algorithms is not considered
in this case, therefore, let’s consider the operator (5) as
given. When the information at the given moment of time
is complete, that is i(g)=¢, it is possible to analytically
create the optimal operational control algorithm in some
solved quasistatic problems [9, 10].

)

To complete the operational task, a certain set of re-
sources is needed, part of which is in the ACS, and the
other in the higher system (super-system), the volume
of centralized replenishment of the ACS x resources is
planned to be operated by the party — ACS operator in
advance. The ACS operator can’t exert any influence on
the volume and availability of resources of a higher super-
system g, and also, when planning, the value € is unknown,
that is, it is in the category of perturbations.

The total amount of resources x+€ consists of two parts,
one is transferred to the ACS and has a single capacity, the
other may be, depending on the operational situation, in
a passive reserve with a capacity 7, or be ready for use by
a higher system [3]. On the other hand, the total amount
of resources x+¢ should be enough for the ACS in the
conditions of insufficient information on the development of
the operational situation, together with a higher system, to
be able to carry out the necessary opposition to the enemy.
To do this, it is necessary to provide an initial i-th share of
the maximum (single) complex of ACS resources (0<v<1).
The missing amount of resources can be filled with the re-
distribution of ACS resources or with the actions of a higher
system. The operational control effect in this consists in the
redistribution of ACS resources to perform a partial task.

The operational control effect in this consists in the
redistribution of ACS resources to perform a partial task.
Positive values of the control action correspond to the
replenishment of the stock necessary to achieve a partial
goal, negative — the reduction of the necessary stock of the
resource [2].

The resulting control (1) is equal to the sum of the
planned x and operational in terms of:

B (6)
which in the current setting are not vector functions of
time, but simply scalar parameters that the DME of the
operating side selects.

The set (2) of possible resulting controls is determined
by the ACS resource reserves reduced to unity, the mini-
mum allowable amount v, and also the size r of the passive
reserve. Such a set significantly depends on perturbations —
the quantities € and u are taken under conditions of ad-
missibility of control on equal rights:

ueU(E)z{x,y:xZO,

y|srvsx+y+est). (7
The control quality is assessed by the quality of the task,
which linearly depends on all three types of resources:
centralized x (ACS resources), decentralized & (supersys-
tem resources) and compensating y (redistributed) [1, 3]:
J=x+qy+ge— max, (8)
where g>1>¢>0.

Different values of the coefficients g, g reflect the mis-
match of the confrontational situation, which for simplicity
is considered already known at the planning stage. Ac-
cording to the above, operational control y is carried out
according to reliable information about perturbations €
and plan x. So, from the admissible set (7), it is possible
to choose the value y, maximizing the criterion (8):

y=Y(xe)=y,={l-x—¢er}2y,=max{v-x—g-r}. (9)

;38
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Expression (9) is an operational control algorithm (5),
according to which the compensating amount of resources
is always equal to the maximum possible: y = y,. This either
ensures the full use of ACS resources, if y=1-E-¢e<r,
or completely exhausts the supply of resources of the
supersystem, if y=r<1-x—-¢&. The lower bound y, is in-
volved only in creating conditions for the admissibility
of algorithm Y; close relation (9). The admissibility of
operational control is guaranteed by choosing the plan x.

Given the planning of the operational control algo-
rithm Y, condition (2) for the admissibility of the re-
sulting control must be fulfilled only by choosing the
plan x. This provides an adequate supply of regulatory
resources.

Conditions (2), reflected in the space of plans x, can
be divided into three types:

1. Conditions that are independent of the perturbation,
as well as the conditions of integer or, in the general case,
discreteness of some components of the plan vector x:

N
xeX; =UX1”, Xrn X' =D forn#n'.

n=0

(10)

Expression (10) shows the process of constructing
a set X,. This is the union of a finite number of indepen-
dent subsets X7, each of which is possibly compact and
depends on the number n. Allowed and purely discrete
options when the subsets X! are finite or pairwise.

2. Conditions that depend on the perturbation, but
according to their purpose, must be realized for all a priori
possible implementations of the perturbation:

xeX,(e)={x:G (x,e)20iel,} VeeZ(x). (11)
3. Conditions depend on the perturbation:
xeX;(e)={x:G(xe)20ieL},l,nI,=@. (12)

In (11) and (12) G;(x,€) is reflections, which are synthe-
sized from the initial reflections that define expression (2)
in the space of the resulting control u. After which the
expression occurs through the planned x and correcting to
the component and the subsequent exclusion in using the
operational control algorithm Y. Conditions (11) and (12)
are systems of inequalities. They are identical in & and
can’t be satisfied due to the choice of x, due to the fact
that the planned component, in comparison with the cor-
rective one, can change depending on the perturbation at
a given time. Deviation from this rule takes place only
when the operational control algorithm reliably reflects
perturbations for any initial data. But in this case, the
mappings G;(x,€) corresponding to them are transformed
no longer actually depend on & and belong to the cat-
egory of conditions (10) in which both equalities and
inequalities are solved.

Conditions (11) that are satisfied under any perturba-
tions of Z,(x) both probabilistic and guarantee deliveries
can be assigned to expression (10), which has no pertur-
bation, due to the equivalence of two inequalities:

Gi(x,€)20 VeeZ(x)e infG,(x,e)20,

f==n)

(13)

in the absence of dependence on the perturbation & in
terms of x. As a result, the condition for the simultaneous

execution of expressions (10) and (11) can be reflected
in a simpler form:

xeX,={r:xeX,G(x)20iel,}. (14)

For the convenience of further reasoning, the perturba-
tion vector € is divided into two subgroups — continu-
ous (n) and discrete (x):

=(mx)es(x) o xeZ={xix2-}neHo(nx). (15)

Discrete perturbations 7y included in a finite or com-
putational set E, are responsible for spasmodic changes
in the situation at a given time. Such perturbations are
caused, for example, by new restrictions that arise after
the completion of the planning stage.

The implementation of discrete perturbations y; can
affect the set H, of future values of continuous perturba-
tions M. Plan x is selected depending on the structure of
the set H,. In principle, there are no contradictions for de-
pendence Zy(x). Sets Z, and H, of future discrete (n) and
continuous () perturbations are considered known at the
beginning of the planning stage [4].

Then, for each value of discrete perturbations y, ac-
cording to the guaranteed payoff model:

0= >

{acs, ¢, Jef>1}

o, (q,rqcs ~qics ) + B. (QQCS ~Qhes )7
{ACS, ¢, Je{>1}

where o, B, — the weights of the corresponding properties
of perturbations &, from the standpoint ACS,>I,>I — the
relation of assistance and conflict, respectively; ¢Sqs — ex-
pected utility function.

Let’s introduce the set H; of favorable continuous
perturbations m. Perturbations m are considered favor-
able if they do not violate the condition of admissibility
of the resulting control for a fixed plan x and enable the
implementation of the J quality criterion, do not fall
below the required level c:

(16)

J

( )_{ﬂ:n e Hy(x,%;).G; (x,n,xi)zo}

Hi(x,c)=1.
ZEIZv.]*(xvnij)Z

where ]’*=](F(x,Y(x,i(n,xj))),n,xj).

Other perturbations with H,/H} are unfavorable. Thus,
the set Z* of favorable discrete perturbations y consists
only of those y; for which (16) is a nonempty set, i. e.:

Z+(x,0)={x:x=x; € Z0, H} (%,0)=2}, an

perturbations remaining x belong to adverse.

3. Research results and discussion

The separation of all possible perturbations into dis-
joint subsets of favorable and unfavorable perturbations
is performed for a fixed set of plans x and a fixed lower
bound for the implementation J of the quality criterion for
the resulting control.

It is clear that for the subsequent consideration, plans
that correspond to the conditions (17) of the perturba-
tions, do not include perturbations are important.
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The remaining conditions (15) of the admissibility of
the plan are realized only on the set of favorable per-
turbations. If the estimate increases, the set of favorable
perturbations will narrow (or rather, not expand), and for
all ¢ exceeding a certain critical level, it will be empty.
But from the point of view of choosing a plan, interest is
not «depletion» of set of favorable perturbations, but its
«completeness» is necessary. The guaranteeing and proba-
bilistic statements differ in the requirements for complete-
ness of the set of favorable perturbations.

In the assignment on ACS resource management, the
amount of resources of a higher system € is a continuous
variable. By the beginning of planning, it is estimated only
from above by the value d, so that Eoz[O,d].

The sets (16), (17) (Fig. 1) of favorable perturbations
for each fixed x on the basis of expressions (7)—(9) are
represented by segments of the following form:

2" (w,0)=[ef (x.0).e5(v)] (18)
where
g7 =max{e,,€,,€,.€5}; € =min{e,,e.4};
1
en=0; gy=1-r-x; gp=—(c—x—gqr);
g
€= ! (c-(1-q)-x-g);
8—q
eo=d, eq=1+r—x.
In (18) and in Fig. 1 is indicated by:
€, — upper a priori estimate of perturbations;
€, — maximum perturbation in terms of resources
allowed by the supersystem;
€y — lower a priori estimation of perturbations;
€, — minimal perturbation, permissible on condition
of loading;

€, — minimal perturbation, provides the expected re-
sult ¢ with the possibility of a free set of resources;

€3 — minimum perturbation, provides the expected
result ¢ in the presence of the remaining resources.

.
EMN
1+r 8710
dl—>
1-r
gl/l
&n
& P
>
0 &y &, 1tr x

Fig. 1. Assessment of perturbations in the automated control system

With increasing intensity of the confrontation ¢, the
lower bounds ¢;, and g3, are raised, while others remain
constant. In accordance with this, the range of favorable
perturbations (18) narrows, degenerating in a certain sense
value ¢ into an empty set. This is a general property of
the sets of favorable perturbations (16), (17).

Next, problematic questions arise related to the assess-
ment of the influence of perturbations on the effectiveness
of counteraction, which allows the use of the research
results in models of supporting decision-making.

4. Conclusions

During the study, the authors developed a model for
the distribution of ACS resources under conditions of insuf-
ficient information on the development of the operational
environment. The novelty of the proposed model is that it:

— allows to justify the decomposition of the system,

allows to imagine a solution to the vector optimiza-

tion problem in the binary relations of the conflict,
assistance and indifference;

— takes into account the operational environment;

— allows to predict the status of the system, taking

into account external influences;

— allows to build utility functions and guaranteed

payoff, as well as a numerical optimization scheme

on this set.

The proposed model will improve the efficiency of in-
formation processing due to its distribution and rational
use of available computing resources.

It is advisable to use the results of the study when
planning the configuration of the data transmission system
and at the stage of operational control of the resources
of these systems.
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