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MODELING OF INFORMATION INTERCONNECTION
INA COMPUTER CONTROL SYSTEM OF MOVING OBJECTS

The subject of research is a pool of widgets, which provides a user interface in a computer control system for
moving objects. The object of research is the process of information exchange between the components of a
computer system, which are directly involved in the control of moving objects. The task of allocating resources
for a pool of widgets that provide operational control of moving objects is critical. As the number of elements
increases in the pool of widgets, the competition for the resources of the computer system increases significant-
ly, respectively, the queues for the most demanded resources grow. Therefore, it is necessary to reallocate re-
sources between requests in such a way that the priorities of requests are taken into account, and the response
time of operational requests does not exceed the standard time. Such distribution cannot be realized without a
model that would show the parameters of all information flows between the components, which is the purpose
of this article. In doing so, the model must consider the characteristics of the pool of widgets that support the
user interface. Research results. To achieve this goal, several particular tasks were solved. First, the main sets
were identified that will be involved in modeling information interconnections between software components
that service requests for user interface widgets in a computer system environment. Then, a diagram of informa-
tional interconnections between these sets was developed. Further, the parameters of the requests, which were
initiated by the widgets, of the applications, and the fragments of the widget query service database were de-
termined and formalized. All this made it possible to form a model of information interconnections using a tu-
ple of obtained vectors, sets, and Boolean matrices. In the proposed mathematical model, many limitations are
imposed on the elements of this tuple, associated with the characteristic features of the control module for the
user interface of the computer system. Besides, the limitations associated with the functioning of the basic net-
work of the computer system are taken into account. In the final model, Boolean matrices affecting resource al-
location defined as model variables. A fast algorithm for determining the space of admissible distributions is
proposed. Conclusions. The developed mathematical model determines the parameters of information flows
between the components of the computer system, which are involved in the control of moving objects. This
model will allow for the operational reallocation of resources between requests using the proposed fast algo-
rithm.

Keywords: pool of widgets; user interface; moving object; computer system; information interconnections.

Motivation. As the number of elements in the
widget pool increases, the competition for the resources

Introduction

Relevance. Nowadays, computer systems of criti-
cal application are getting more and more development.
At the same time, at present, considerable attention is
paid to the interface of the end users of the system [1].
Typically, this interface is implemented using an appro-
priate pool of widgets.

Depending on the purpose of the widget pool item,
there may be different requirements for it. In particular,
for widgets that provide a user interface to a component
of a computer system, the execution time of a request
initiated by a particular widget is critical. In turn, this
indicator depends on the efficiency of the system during
providing the required resources for the request. There-
fore, the task of allocating resources for a pool of widg-
ets that provide operational control of mobile objects is
important.

of the computer system increases. This is especially
noticeable when controlling moving objects using a
special user interface. For example, consider a computer
system that controls a group of unmanned aerial vehi-
cles (UAVSs) to conduct a post-emergency survey. The
standard response time to a request initiated by the pool
widget that provides the user interface of this system —
Tspec - The dependence of the average response time to

a request ( Tayerage ) ON the number of UAVs in the con-

sidered group (N ) is shown in Fig. 1.

It can be seen from the graph that with an increase
in the number of UAVSs in a grouping, the response time
to a request also increases significantly. Note that in-
creasing the value N increases the size of the widget
pool.
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Fig. 1. Average response time to request

At the same time, the main reason for delays is the
queues to the most demanded resources. Therefore, it is
necessary to reallocate resources between requests in
such a way that the priorities of requests are taken into
account, and the response time of operational requests
does not exceed the standard time Tgpec . Such a distribu-

tion cannot be realized without a model showing the
parameters of all information flows within a given
fragment of the network. In doing so, the model must
take into account the characteristic features of the widg-
et pool.

Work related analysis. The issues of optimal al-
location of resources of computer systems are consid-
ered in many scientific studies. So, in [2], the query
processing speed is increased due to processing parallel-
ization. However, when working with a pool of widgets,
in most cases this is impossible to implement. In [3], the
author proposes a random swap clustering algorithm.
However, it significantly loses its effectiveness with an
increase in the number of moving objects. When syn-
thesizing the structure of a computer system in [4], the
specificity of the individual components of the system is
not considered. The methods proposed in [5, 6] are ef-
fective only for mobile components. The articles [7, 8]
take into account to a greater extent the features of mov-
ing objects, rather than the characteristics of a computer
system. Articles [9-11] focus on security issues in re-
source allocation, overshadowing time indicators. The
emphasis in works [12-14] is made on the specifics of
Big Data, which is unusual for a pool of widgets. In
articles [15, 16], only a separate class of computer sys-
tems is considered, which has a hyperconverged plat-
form. The article [17] focuses only on the choice of a
database management system. And in article [18] the
emphasis is made only on composite applications.

A common drawback of all the considered ap-
proaches to the development of a model of information
interconnections is the lack of consideration of the spe-
cifics of the functioning of the pool of widgets that sup-

port the user interface. This leads to suboptimal distri-
bution of system resources between requests for the
corresponding widgets. The consequence of this is an
unjustified increase in the response time of the system
to a request.

The aim of this paper is the development of a
mathematical model of information interconnections in
a computer system that is responsible for the control of
moving objects. The model should be focused on the
features of the functioning of the pool of widgets that
support the user interface.

To achieve this goal, it is necessary to solve the
following tasks:

1) development of a scheme of information inter-
connections in the environment of a computer system to
control moving objects;

2) development of a mathematical model describ-
ing information interconnections in the control of mov-
ing objects;

3) determination of the space of admissible distri-
butions over the nodes of the computer system of soft-
ware elements in the control of moving objects;

4) analysis of the results.

The article consists of four main sections.

1. Mathematical model of information intercon-
nections.

2. Defining the space of admissible distributions.

3. Case study.

4. Application perspectives.

1. Mathematical model of information
interconnections

The user interface management module is respon-
sible for coordinating widget requests. It receives re-
quests from users of the computer system, which are
formed by the corresponding widgets, and launches the
necessary system applications. The application data set
consists of two subsets: applications that work directly
with the supervisor of the basic network (Z1), and ap-
plications that communicate with a distributed database
of a computer system (Z2).

Composite applications, depending on the incom-
ing request, can perform different functions. Therefore,
each function of such an application will be considered
in the model as a separate application.

Let's designate the main sets that will be involved
in modeling information interconnections between
software components that serve requests for user inter-
face widgets in a computer system environment:

M\, — a set of widgets that make up the user dash-

board widget pool, dimMy, =V;
My — a set of nodes of a computer system on
which applications and fragments of the database for
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servicing widget requests are located, dimMy =N ;

My — a set of applications that serve a pool of
widgets, dimMz =Z;

Mgq - a set of user(s) requests of a computer sys-
tem, dim Mg =Q;

Mp — a set of fragments of database serving
widget requests, dimMp =D.

It should be noted that many applications M, re-

garding the purpose of processing requests for widgets
can be conditionally divided into two such subsets:

Mz = MZ]. ) M22 .
The diagram of information interconnections in the

environment of a computer system is shown in the
Fig. 2.
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Fig. 2. Information interconnections

The parameters of each request e Mg (q :1,_Q)
are defined by a tuple

Qq =(Zq:Dq. Vg Wy ). )

where Zg =(zq;) =(2q1,--2qz) — the vector of those

applications that are needed to execute the query g; ac-
cordingly, vector Dy =(dyq)=(dg,....dp) specifies
the necessary fragments of the database for servicing
widget requests, and Vg =(Vqy )= (Vgr,--»Vay) — the
vector of widgets that require launching a query g, and
the sequence of launching applications for this request is
determined by the matrix W, = (w;;) , i,j=1Z.

It should be noted that all considered vectors and
the matrix are Boolean, and take the value of one when
the corresponding conditions are met, when the query q

uses the corresponding resource.
Parameters for application z request q are set by

atuple
Z,q = (X29.Bq ), )

where vector Azq = (Azqus-Azqp) defines the amount

of data that application z (activated by request q) must
transfer or retrieve from the corresponding fragment of

amount of data that is required to exchange with other
applications when executing query ¢ .

The placement of applications on the nodes of a
computer system is specified by a rectangular Boolean
matrix of size Zx N :

G=(9zn). (3)
where g,, =1, if this application z is launched from

information node n, z el,_Z, n el,_N.

The placement of the software, which initiates the
launch of the corresponding requests when the widget is
activated, is assigned to the nodes of the computer sys-
tem by a rectangular Boolean matrix with a size
of VxN:

H=(hy,). 4)
where h,,, =1 then, if for the software of the widget
with number v, the scheduled information node is n,
velV,nelN.

The placement of fragments of the database for
servicing requests for widgets on the nodes of a com-
puter system is specified by a rectangular Boolean ma-
trix of size DxN :

S=(San)» (®)
where sy, =1 then, if the fragment of the database with

the number d will be located on the node of the com-
puter system n, delD,nelN.
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Thus, it is possible to form a model of information
interconnections using such a tuple of the above vectors,
sets and zero matrices:

°;— MV,MN,MZ,MQ,{zZq:<qu,ﬁzq>}, o
T Mo, G.H.5.{Qq =(Zq. Dy, V. Wy )} '

But the module for controlling the user interface of
a computer system imposes a number of restrictions on
the elements of this tuple. In addition, the limitations
associated with the operation of the basic network of the
computer system should be considered. So:

—any request must initiate at least one computer
system application, therefore

ZiZ:]_Zqi >1

—there are requests that appeal directly to the
modules for managing the components of the basic net-
work without exchanging with the widget request ser-
vice database, that is

S22l VqelQ; (8)

—each request can be initiated by at least one
widget, therefore

>rug 2l VgelQ; ©)

—each widget, upon activation, must initiate at
least one request, that is

Ve el,_E; @)

O viy21l WelV; (10)

—each application from set Z must be installed on
only one node (all components of composite applica-
tions are considered as separate elements of this set):

N _
>ii9i=1 vzelZ;

—during the modeling considers (included in the
set of nodes) only those nodes of the computer system
that are involved in processing of requests of the pool of
widgets, therefore

Z. 1g|n+z ~9jn 21 vnelN;

— at the time the widget pool starts functioning, all
applications that are needed to process widget requests
must be installed, that is

Z N
2249 =2

— software for activating widgets must be distrib-
uted over the nodes of the computer system (if a node
serves several widgets, then such a node is decom-
posed), so

11)

(12)

(13)

(14)

ZI 12 j=1" i =

—each widget is assigned to only one node of the
computer system, that is

Zililhvi =1 WwelV; (15)

— pinning widgets to nodes is arbitrary, therefore

N hin €[0,V]; (16)

—all fragments of the database for servicing re-
quests for widgets must be distributed among the nodes
of the computer system, that is

ZiD:]_Z;\l:lsij >D Wwd E].,_D ;

—data replication is possible, which means that
one fragment of the widget query service database can
be located on several nodes, that is

Zi'ilsdi 2L

— the allocation of fragments of the data storage on
the nodes of the computer system is arbitrary, that is

> sin €[0.D]

So, the tuple (6), considered in conjunction with
conditions (7) - (19), is a mathematical model of
information interconnections in the operation of the
software of the pool of widgets in the environment of a
computer system.

(17)

(18)

VielN. (19)

2. Defining the space of admissible
distributions

Boolean matrices G, H,S in the mathematical

model (6) - (19) set the location of the software, initiate
the launch of the corresponding queries when activating
the widget, applications and database fragments. Also,
Boolean matrices are responsible for servicing widget
requests for the nodes of the computer system. It is ob-
vious that the quality of the functioning of the control
module for the user interface of a computer system sig-
nificantly depends on these matrices, that is, in a given
mathematical model, Boolean matrices G, H, S can be

considered model variables. Then the number of possi-

. . . (Z+V+D)xN .
ble distribution options is 2 . Even with a

small number of computer system nodes and widgets, as
well as with a minimal database distribution, the num-
ber of possible options is very large.

Note that many separate widgets are usually used
to control moving objects. Therefore, when using the
developed mathematical model to find the best options
for the location of components, it is necessary to signifi-
cantly reduce the number of options under considera-
tion, and as quickly as possible. For this purpose, it is
necessary to use the features of Boolean matrices
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G, H, S and some of the limitations (7) - (19).

Rectangular Boolean matrices have the same num-
ber of columns. It allows combining these matrices and
considers in the future only one, combined matrix,
which specifies the variant of the distribution of compo-
nents over the nodes of the computer system:

Geom = GIHIS;

card(Geom ) =(Z+V+D)xN. (20)

The next step is to analyze how the above limita-
tions of the mathematical model affect the existing ma-
trix Geom-

Requests initiated by widgets are always launched
from the node of the computer system on which in-
stalled the corresponding widget software. Therefore,
limitations on queries (7) - (10) do not affect the matrix

Gcom'

Limitations (11) and (15) concern the location of
widgets and applications on only one node. Assuming
the matrix Gy, is Boolean, these limitations are quick-

ly checked using equality proof:

Z+V N
Z Xl(ZGcom(i:j)J =Z+V. (21)

i=1 =1

There is used the function of finding the presence
of exactly a single one in the row or column of a Boole-
an matrix

1 ift=1

Xl(f)={0,

In addition, the met of condition (21) corresponds
to the fulfillment of the limitations on the mandatory
allocation of all widgets and applications on the nodes
of the computer system, which are given in limitations
(13) and (14).

According to constraint (12), in mathematical
modeling, only those nodes of the computer system that
are involved in processing requests of the pool of widg-
ets are considered. The check of this limitation can be
quickly done by using the analysis of fragments of the
columns of the resulting matrix by confirming the man-
datory fulfillment of equality

i(m[éGcem(i,j)}} N.

=1 i=1

22
if t=1. (22)

(23)

Here is a function of defining non-zero fragments
of rows or columns of a Boolean matrix

1 ift>1

X2(1)={0,

This function can be used when checking the limi-
tation (17) that all fragments of the database for serving
requests for widgets should be distributed among the

else. (24)

nodes of the computer system, that is:

%[Xz ( Z+§D Geom (i,j)j] =N.

=1 i=Z+V+1

(25)

So, together with the developed mathematical
model, it is proposed to apply in parallel an algorithm
that determines whether the option under consideration
complies with the given limitation:

1) vertical union of Boolean matrices G, H, S and

obtaining a generalizing matrix Ggqp,;

2) verification of limitations for widgets and appli-
cations using expression (23);

3) verification of limitations for the nodes of a
computer system using expression (24);

4) verification of limitations for the location of da-
tabase fragments using expression (25).

3. Case study

The results obtained were tested in the synthesis of
the control component of the UAV group, which is de-
signed to conduct a survey of the area after an emergen-
cy. The user interface of the synthesized component
includes a pool of widgets, which are divided into two
groups:

1) widgets requiring prompt response to generated
requests (group A);

2) widgets that allow a delay in the response to
the generated request (group B).

The structure of the user interface is formed dy-
namically depending on the number of control objects.
In particular, the pool of widgets can be divided into
static and dynamic components. In the conducted exper-
iments, the static component contained Ng; =12 widg-

ets of group A. In the dynamic component, for each
controlled object (UAV), the pool of widgets was in-
creased by Ny, =3 widgets, which provided the for-

mation of operational commands to control a specific
widget. Therefore, the size of the pool of user interface
widgets is determined by the following ratio:

Npool =Ngt +N-Nope (26)

where X — number of managed objects.

The standard response time to a request initiated
by the operational widget of the pool that provides the
user interface of this system for the synthesized compo-
nent was determined as Tgpec =7 seconds.

In synthesizing a component of a computer sys-
tem, all distributed software components were distribut-
ed among the nodes of the software system. In particu-
lar, software was distributed that initiates the launch of
the corresponding requests during activating a widget,
applications, and database fragments to serve widget
requests.
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Two variants of the synthesis of the component
were considered:

— using a standard model for the formation of in-
formation interconnections in a computer system;

— using the proposed model for the formation of
information relationships in a computer system that is
responsible for the control of moving objects.

The dependence of the average response time to a
request on the number of UAVs in the considered group
for the options under consideration is shown in Fig. 3.

25 /’
20 /
15 /

. s
5 m““tﬁ"ﬁ::ﬁ“ci“

0

ge, conv. sec.

T_avera

1 3 5 7 9 1" 13 15 17 19

N, number of drones

——T_average_standard —®—T_spec —&—T_average_new

Fig. 3. Comparison of experimental results

As can be seen from the graphs in Fig. 3, when
synthesizing the control component of a UAV constella-
tion, which is designed to conduct a survey of the area
after an emergency, the use of the standard model
makes it possible to effectively support a constellation
of up to 11 UAVs. The use of the proposed model made
it possible to expand the grouping to 17 UAVS.

However, when the basic network is distorted,
there is a need to carry out an operative redistribution of
software across the nodes of the computer network,
which initiates the launch of the corresponding requests
when the widget, applications and fragments of the
widget query service database are activated. In this case,
the time of the transformation should also be referred to
the most important parameters of this process, especial-
ly in cases of large dimensionality of the model (6) -
(19). Therefore, the article proposed an algorithm for
fast search for the space of feasible solutions. The re-
sults of redistribution during modeling for various vari-
ants of the formation of the control component of the
UAYV constellation with the use of the proposed algo-
rithm and without it are shown in Fig. 4.

Fig. 4 shows that the fast algorithm for reallocation
provides significant advantages over the standard algo-
rithm in terms of execution time.

4. Application perspectives

The proposed mathematical model of information
interconnections in a computer system, which is respon-

sible for the control of moving objects, differs from the
existing ones with such advantages:

1) the model is focused on the features of the func-
tioning of the pool of widgets that support the user inter-
face;

2) on the basis of the model, the fast algorithm for de-
termining the space of admissible distributions on the
nodes of the computer system of the software of widgets
and applications, and distributed fragments of the database
for servicing requests for widgets, has been developed.

e
// ~

1 3 5 7 9 1
N(Z+V+D)*(10**(-2)) - dimension of the task

Execution time, minutes

0,00

—e— Standard algorithm —&— Fast algorithm
Fig. 4. Redistribution time

Due to these advantages, this model can be used
when forming resource allocation queues between
widget requests. But the most significant gain can be
obtained when it is used to quickly redistribute the loca-
tion of software between the nodes of a computer sys-
tem in the event of local hardware failures. For this, it is
necessary to develop a method for finding the optimal
or rational redistribution of the location of software, the
main criterion of which will be the solution of the opti-
mization problem.

Conclusions

In this paper, a mathematical model was proposed
that determines the parameters of information flows
between the components of a computer system that are
involved in the control of moving objects. The model
uses the scheme of informational interconnections of the
corresponding components in the environment of a
computer system. The model is represented as a tuple of
vectors, sets, Boolean matrices and a humber of limita-
tions. The limitations made it possible to take into ac-
count the specific features of the functioning of the pool
of widgets that support the user interface when control-
ling movable objects. This model will allow for opera-
tional reallocation of resources by systems between re-
quests using the proposed fast algorithm.

The direction of further research is the devel-
opment of a method for finding the optimal or rational
redistribution of the location of software, the main crite-
rion of which will be the time to solve the optimization
problem.
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MOJEJJFOBAHHS IH®OPMAIIMHUX B3AEMO3B’SI3KIB
Y KOMII'IOTEPHIM CUCTEMI YIIPABJIIHHA PYXOMUNMH OB’€EKTAMHU

H.TI'. Kyuyx, B. 0. Mepnak

IIpexmeT mocaia:KeHHs — Iy BIIKETIB, 110 3a0e3neuye iHTepdeiic KOPUCTyBaya y KOMII FOTEPHIM cucTeMi
yopaBiaiHHA pyxoMumu o0’ektamu. OO0’€KT AOCHigKeHHSI — Tmpoiec 0OMiHY iH(OpMAIli€l0 MiX CKJIaJOBUMH
KOMII'FOTEPHOI CHCTEMH, [0 Oe3MocepeaHbO 3a/isHi MIPU YIPaBIIHHI PYXOMHUMH 00’ €KTaMHU. 3a3HA4yeHO, IO 3a-
BJIaHHS PO3IOJLTY PEeCypcCiB i MyJy BiDKETIB, IKi 3a0€3MeUy0Th ONICPAaTUBHE YIIPABIIIHHSI PYXOMHUMHU 00'€KTaMu,
€ JIy’Ke BaXJIMBOK. IIpu 301IbIIEHH] KiIBKOCTI €JIEMEHTIB MYJy BIJPKETIB KOHKYPEHIIIS 32 PECYPCH KOMIT'FOTEPHOL
CHCTEMH CYTTEBO 3pOCTA€, BIJMOBIJHO 3POCTAIOTh YEPTH J0 HAHOUIBII 3aTpeOyBaHUX pecypciB. ToMy He0OXiJIHO
IIPOBECTH MEPEPO3IIOAII PECYPCIB MK 3allMTAMH TaKMM YHUHOM, 1100 OyJM BpaxoBaHI IIPIOPUTETH 3alUTIB, a 4ac
peakiii oIepaTUBHMUX 3aIIATIB HE MEPEBUINYBAB HOPMATUBHMIT dac. Takuil po3moAia HEMOKIMBO peaji3yBaTH 0e3
MoOJIel, AKka O moKa3ana mapaMeTpH BeiX 1HGOpMaUiiHUX HOTOKIB MDK 3aJiiHUMU CKJIaJOBHMH, 110 1 € METOIO Aa-
Hoi cratTi. [Ipu 1boMy MOZEIL TOBMHHA BPaXOBYBATH XapaKTePHI OCOOIMBOCTI Yy BIJKETIB, IO MATPHUMYIOTH
inTepdelic kopuctysada. Pe3yabTaTu AocaigzkeHHs. sl TOCATHEHHS METH BUPIIIEHO IEKiJbKAa YaCTKOBHX 3a-
BaaHb. CroyaTKy BH3HAUCHI OCHOBHI MHOXHHH, SKi OYJIyTh 3aJisHI NMpU MOJICIIOBaHHI iHGOpPMAIIHHUX B3ae-
MO3B’SI3KIB MiK MPOrpaMHMMH KOMITOHEHTAMH, 1[0 OOCIIYTrOBYIOTh 3allMTH BIIKETIB iHTep(deicy KopucTyBaya y
CepeoBUIII KOMIT FoTepHO1 cuctemu. [loTiM po3pobieHa cxema iHpOpMaIiitHIX B3a€EMO3B’SI3KIB MK IIUMH MHO-
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»kxuHamu. Hagani Bu3Hadeni Ta ¢popmaii3oBaHi mapaMeTpH 3aluTIiB, IHIMIHOBAHUX Bi[DKETAMH, 3aJITHUX 3aCTOCYHKIB
Ta ¢parMeHTiB 0a3u maHuX oOCIyroBYBaHHS 3alUTIB BIIKETIB. Bee e Hagano 3Mory chopMyBaTh MOIEIb 1HPOP-
MaIllHHUX B3a€MO3B’SI3KIB 3a JOIIOMOTI0I0 KOPTEKY OTPUMAHUX BEKTOPIB, MHOKHMH Ta OyJIe€BUX MaTpuIlb. Y MaTeMa-
THYHIA MOJENI, [0 IIPOIOHYEThLCS, HAKIAAA€ HU3Ka OOMEKEHDh Ha €JIEMEHTH JAaHOTO KOPTEKY, IOB’3aHi i3 Xapak-
TEPHUMM OCOOIMBOCTIMH MOJYJIS YIPaBIiHHA 1HTEpP(dENCOM KOpHCTyBaya KOMII'IOTEpHOI cucTteMH. Kpim Toro,
BpaxoBaHi OOMEKEHHs, 1[0 IMOB’sA3aHi 13 QYHKIIOHYBAHHIM 0a30BOI MEpEeKi KOMIT'IOTEPHOI CHCTEMH. Y KIHIEBii
Mozeii OyJeBl MaTpHIll, 0 BINIMBAIOTH Ha PO3IIOIUI PECYPCIB, BU3HAYEH] K 3MIHHI MOZENI. 3alIpOOHOBAHO IIBH-
JKHI alrOpPUTM BHM3HAYEHHS MPOCTOPY AOMYCTHUMHX pO3MOAiTB. BHcHOBOK. Po3po0ieHa maTteMaThyHa MOJEIH
BU3HAYA€E MmapaMeTpd 1HGOPMAIIHHUX MOTOKIB MIXK CKJIaJOBMMH KOMII FOTEPHOI CHCTEMH, IO 3aisgHI IIPH yIpas-
JIHHI pyXOMHMH 00’ekTamMu. JlaHa MOJENb JO3BOJIUTH IPOBOJUTH OTICPATHBHUI MEPEpO3NOALT PECypCiB MK 3aru-
TaMM 3 BUKOPUCTAHHSIM 3aIIPOIIOHOBAHOTO MIBUAKOTO aJTOPUTMY.

KuriouoBi ciioBa: myin Bi/pkeTiB; iHTepdelic KOpUCTyBaya; pyXoMHi 00’ €KT; KOMII IOTepHA cHcTeMa,; iHpopMma-
LIHI B3a€EMO3B’ I3KH.

MOJAEJAPOBAHUE NH®OPMAINOHHBIX B3AMMOCBSI3EN
B KOMIIBIOTEPHOU CUCTEME YIIPABJIEHUSA ITOJABUKHBIMU OB BEKTAMHA

H.TI. Kyuyk, B. 0. Mepnak

IIpenmer UccienOBaHU - IIyJ1 BUIKETOB, KOTOPBINA 0OecrieyuBaeT UHTEPQENC MOIH30BaTENA B KOMIILIOTEPHOM
CHCTEME YIpPaBJIEHHUS IOIBMKHBIMH 0O0bekTaMHu. OOBEKT MCCIENOBAaHMS - IIpolecc oOMeHa mH(pOpMaerd MexXIy
COCTaBJISIOIIMMH KOMIBIOTEPHOM CHCTEMBI, KOTOPhIC HEIOCPEACTBEHHO 3aJ¢HCTBOBAHLI IIPU YIIPABJICHHUS MOJABH K-
HeIME 00BekTamMu. OTMEYEHO, YTO 3a4a4a pacupeaeacHus PECYPCOB IS Myja BHIKETOB, KOTOPBIE 00€CIIEUNBAIOT
OIIEpaTUBHOE yIPaBJIECHHE MOABHKHBIMA O0BEKTAMHU, OUYE€HDb BaykHA. [IpH yBeIMUEHUN KOJIMYECTBA DJIEMEHTOB ITyja
BHJI)KETOB KOHKYPEHIIHMS 3a PECYPChl KOMIBIOTEPHOM CHCTEMBI CYIIIECTBEHHO BO3PACTAET, COOTBETCTBEHHO PACTyT
ouepean K Hanboiee BOCTpeOOBaHHBIM pecypcaM. I1oaToMy HE0OOXOIMMO IPOBECTH IIEpepaACIPENEIEHNE PECYPCOB
MEXIY 3alpocaMy TaKUM 00pa3oM, YTOObI ObUIM YYTE€HBI IIPUOPUTETHI 3aIPOCOB, 4 BPEMS PEAKLIMU ONEPATUBHBIX
3aIIpOCOB HE IPEBBIIIAI0 HOPMATUBHOE BpeMs. Takoe pacrpeeieHre HEBO3MOKHO PEan30BaTh 0€3 MOJENH, KO-
TOpas Obl MOKa3aja napaMeTphl BceX MHQOPMALMOHHBIX ITIOTOKOB MEXIY 3a1€iCTBOBAHHBIMU COCTABIIAIOIMMHU, YTO
U SBIIAETCS LEJbI0 JAHHOMH cTaTbu. [Ipy 3TOM MOJENb JO/DKHA YYHMTHIBATH XapaKTepHBIE OCOOEHHOCTH ITyja BH-
JDKETOB, MoJAepKuBaroImue uarepdeiic moip3osareisd. Pe3yabTarsl HecjaexoBanus. s JOCTHKEHU 1iean ObLIO
pEILIEH0 HECKOJIBKO YacTHBIX 3azady. CHayana OBUIM OIpeeNeHbl OCHOBHBIE MHOYKECTBA, KOTOPBIE OyIyT 3a1ei-
CTBOBAaHbI [IPU MOJEIUPOBAHUN MH(MOPMALMOHHBIX B3aUMOCBI3E€M MEXIY MPOrpaMMHBIMU KOMIIOHEHTAMH, KOTO-
pble 00CIYKHBAIOT 3aIIpOCHI BUIDKETOB HMHTEp(delica MMoabp30BaTeld B cpele KOMIBLIOTEPHONM CHCTEMBL. 3aTeM ObLia
pa3paboTaHa cxema HH(OPMAIMOHHBIX B3aMMOCBS3CH MEXIYy dTHUMH MHOKeCTBaMM. Jlayee ObLau ompeieiaeHbl U
(bopmanu3oBaHbl IMapaMeTphl 3alpOCOB, MHHUIIMUPOBAHHBIE BHIDKETAMH, 3aJ€HCTBOBAHHBLIX IIPHUIIOKEHHH U (par-
MEHTOB 0a3bl JaHHBIX OOCIYXKMBAHHUS 3aIpOCOB BHDKETOB. BCe 3TO [ajlo BO3MOKHOCTL C(HOPMHMPOBATHE MOJEID
HHGOPMALIMOHHBIX B3aUMOCBS3EH C IOMOIIBIO KOPTEXA IMOJYYEHHBIX BEKTOPOB, MHOKECTB U OyJeBBIX MaTpull. B
npejjaraeMoi MaTeMaTUUYECKONH MOJEIH HaKJIaJbIBaeTCA PAJl OTPAaHUUYCHUM Ha 3JIEMEHTHI JaHHOTO KOpTeka, CBS-
3aHHBIE C XapaKTEPHBIMH OCOOEHHOCTSIMH MOIYJIS YIIpaBieHHS HHTEep(EHRCcOM I0JIb30BaTesl KOMIIBIOTEPHON CH-
creMbl. KpoMe TOro, yudTeHsl OrpaHHYeHHs, CBA3aHHbIE ¢ (DYHKI[MOHHPOBAHUEM 0a30BOM CETU KOMIIBIOTEPHOM CH-
creMbl. B KoHeYHOM Moieny OyJeBbl MaTPHUIILI, BIMSIONIME HA PACIIPENEIIEHUE PECYPCOB, OIIPEAEIEHHBIE KaK IeEpe-
MeHHbple Moaenu. [IpeamoskeHo OBICTPBIM aJrOPUTM OIPEAEICHUS IPOCTPAHCTBA IOMYCTUMBIX DaCHpPEACIICHUM.
BoiBoabl. PazpaboranHas MaTeMaTH4ecKass MOJEINb OIPENENIeT mapaMerpbl MHGOPMAIMOHHBIX IOTOKOB MEXIY
COCTaBJISIONMMHY KOMIIBIOTEPHOI CHUCTEMBI, KOTOPHIE 3a/I€MCTBOBAHLI MPH YIIPABICHUM IOJABMKHBIMH OOBEKTaMU.
JaHHast MOozi€Tb MO3BOJIMT IPOBOAUTE ONEPATHBHOE MEPEPACIIPEAETICHUE PECYPCOB MEXY 3alIPOCAMU C UCIOJIB30-
BaHHMEM MPEJJIOKEHHOTO OBICTPOTO aJITOPUTMA.

KarueBble cjioBa: 1Myl BUIKETOB; HHTEPQEIc MOIp30BaTENS; IBIKYIIUHACSI OOBEKT, KOMIBIOTEPHAS CHCTe-
Ma; HH()OPMAITHOHHBIC B3aHMOCBSI3H.

Kyuyyk Hina I'eopriiBHa — a-p TexH. HaykK, ZOI., JIOI. Kad. OOYMCIIOBAJIBbHOI TEXHIKM Ta MpPOrpaMyBaHHS,
HamionanbHui TeXHIYHAN YHIBEpCUTET «XapKiBCHKUI MOJITEXHIYHUH 1IHCTUTYT», XapKiB, YKpaiHa.

Mepaak Bikropis IOpiiBHa — acn. kad. komm’toTepHuX cucteM, Mepex Ta KibepOesmnekn, HanionansHuit
aepoxocMiuHMi yHiBepcuTeT iM. M. €. J)KykoBcpKkoro «XapKiBChKUH aBiamiiiHUH iHCTUTYT», XapKiB, YKpaiHa.

Nina Kuchuk — Doctor of Technical Sciences, Associate Professor, Associate Professor of Department of
Computer Science and Programming, National Technical University “Kharkiv Polytechnic Institute”, Kharkiv,
Ukraine;
e-mail: nina_kuchuk@ukr.net, ORCID: 0000-0002-0784-1465.

Viktoriia Merlak — PhD student of Department of Computer Systems, Networks and Cybersecurity, National
Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine,
e-mail: v.merlak@csn.khai.edu, ORCID: 0000-0003-4096-0797.



