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Abstract: Traditional planning theory considers the general problem of division of labor on
computing devices. A fairly large class of planning tasks is included in the described task of resource
allocation. The only type of resources in such tasks are computing resources. The article considers the tasks
of resource allocation in multi-agent systems, options for their applicability and existing methods of solving
these problems. The task of allocating resources is one of the fundamental tasks: from the efficient allocation
of one's own time to the distribution between different activities and the tasks of allocating resources in large
information systems. The article considers different approaches to resource allocation in large information
systems: resource allocation within non-stationary tasks, stationary tasks and in multi-agent systems. These
approaches help to solve various applications in real time. In the case of resource allocation in multi-agent
systems, their decentralization must be taken into account: agents are directly responsible for themselves
and do not have complete information about the system, which changes the very essence of the task. Thus,
the development of multi-agent models is possible. The multi-agent scheduling methods used in the system
can be used in real-time decentralized systems compared to the previously mentioned traditional methods.
Their application provides management of planning and execution of tasks, they can be used to manage
groups of objects consisting of a large number of devices and able to quickly process large-scale tasks. Thus,
in a short time it is possible to design and commission based on the use of multi-agent technologies for
planning new-generation software and hardware systems that can interact and work in a group and
applicable to a wide range of tasks in various fields.

Keywords: multi-agent system, multi-agent approach, information systems, resource allocation,
optimization.
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Hayionanonuii mexniunuii ynieepcumem Yxpainu «Kuigcokuii nonimexuiyuHuti iHCmumym
imeni leops Cikopcvkozoy, Kuie

MOJIEJIOBAHHSA PO3MOALITY PECYPCIB Y BEJJUKUX IHOOPMAIIMHUAX
CUCTEMAX HA OCHOBI MYJIBTUATEHTHOI'O NIAXOAY

Anomauin: Tpaouyiiina meopis NIAHY8AHHS PO32NA0AE 3A2ANbHY 3A0ayy po3nodiry podim no
00UUCTIOBANLHUX Npucmposix. Jlocumv Geiuxutl Kiac 3a0ay NIAHYB8AHHA 6X00UMb 8 ONUCAHy 3a0auy
po3nodiny pecypcis. €OuHuM 6UOOM pecypcié 8 MAaKux 3A80aHHAX € 0OYUCTIO8ANbHI pecypcu. VY cmammi
PO321510AI0MbCSL 3A80AHHS PO3NOOLILY PeCypCi 8 MyTbMUALEHMHUX CUCIMEMAX, 8aPIAHmMU iX 3aCMOCO8HOCHI |
iCHYIOUUX MemOOi8 BUPTUIEHHS YUX 3A60aHHS. 3a80aHHsA PO3NOOINY pecypcié € OOHUM i3 (hYHOAMEHMANbHUX
3a60aHb. 8i0 eheKmMuUBHO20 po3NodiLy C8020 BIACHO20 YACY 00 PO3NOOILY MIJNC PIZHUMU GUOAMU OITbHOCHI §
3A80AHHAMU PO3NOOILY Pecypcis y 6elukux iHgopmayitinux cucmemax. Y cmammi posensuymi pisHi nioxoou
00 PO3NOOINY pecypcie y eauKux IHPOPMAYIUHUX CUCMeEMax: PO3NooLl pecypcis 8 pAMKax HeCmayioHAPHUX
3a0ay, cMayioHapuux 3a0a4 ma 6 MyabmudazceHmHux cucmemax. Ilepepaxogani nioxoou oonomazarome
supiwyeamu pi3Hi NPUKIaoHi 3a0a4i 6 pedcumi peanvHoco uacy. Y pasi po3nodinty pecypcis 8
MYIbMUAeeHMHUX — cucmemax mpeba 8paxogyeamu ix OeyeHmpanizayilo: azeHmu 6e3n0cepeoHbo
8i0n0sioaioms MinbkKy 3a cebe i He Malomsv NOGHOI IHOpMayii npo cucmemy, uepe3 wo 3MIHIOEMbCSL CaMa
cymv 3a80auHa. Taxkum uuHOM, pO3POOKA MYIbMUAEHMHUX Mooenel Moxcaued. Bukxopucmosysani 6
cucmemi Memoou MYIbMUALEHMHO20 WNIAHYBAHHA HNOPIGHAHO 3 paHiule 3A3HAYeHUMU MPAOUYITHUMU
cnocobamu  MOdCymb  3aCMOCOEY6AMUCS. 6 OeYeHMPANi306aHUX CUCmeMax 6 peanbHomy uaci. Ix
3aCmMOoCy8anus 3a0e3neuye YAPpasiiHHA NPoyecamuy NIAHy8anHs | 6UKOHAHHS 3A80aHb, B0HU MOJXCYMb OYmMu
BUKOPUCMAHT 0151 YNPABIIHHA 2pynamu 00'€kmis, wjo CKIao0aomscs 3 6eIUKOL KilbKOCmi npucmpoie i 30amui
onepamugHo 06pobasimu  3a60amHA  6enuKo2o 00'emy. Takum yumHoMm, y KOPOMKI CMPOKU MOICIUBO
NPOEKMYBAHHA MA 68e0eHHs 8 eKCHIYAMAaYil0 3ACHOBAHUX HA SUKOPUCTNAHHI MYTbMUALEHMHUX MeXHOL02Il
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NAAHYBAHHS NPOSPAMHO-ANAPANMHUX KOMNIEKCI8 HOB020 NOKOAIHHI, 30AMHUX 83AEMOOIAMU | NPAYIO8AMU 8
epyni i 3aCmMoCOBHUX OJisL WUPOKO20 CNEKMPY 3080AHb 8 PISHOMAHIMHUX 00ACMSIX.

Kntouosi cnoea: mynomuazenmua cucmema, MylibmudeeHmMHUi nioxio, iH@opmayiuni cucmemu,
PO3n00in pecypcis, onmumizayis.

Koaymoer B.I1., CBunuyk O.B.
Hayuonanvnoui  mexnuueckuu  ynusepcumem Ykpaunvr «Kuesckuii nonumexnHuuecku
uncmumym umenu Meopsa Cukopckozoy, Kues

MOJEJWPOBAHUE PACHPEJEJEHHAS PECYPCOB B BOJIbIINX
WH®OPMALIMOHHBIX CHCTEMAX HA OCHOBE MYJbTHATEHTHOI'O
MOIXO/IA

Annomauusn: Tpaouyuonnas meopus nIaHUPOSAHUs paccmampueaenm 00wyro 3a0aqy pacnpeoeneHust
pabom no GbINUCTUMENbHBIM YCMPOUCMEaM. Jlocmamouno 60abuoll Knace 3a0ay niaHupo8anus 6Xxooum 6
ONUCAHHYIO 3a0ayy pacnpedeneHust pecypcos. EOuHCmEeHHbIM 8UOOM pecypco8 6 MAaKux 3a0ayax ecmv
6bIYUCTIUMENbHbIE  pecypchl. B cmambe paccmampugaromcest  3a0auu  pacnpeoenieHus pecypcosg 8
MYTLIMUALEHMHBIX CUCTHEMAX, GAPUAHMNBL UX NPUMEHUMOCHU U CYWeCmEYIowue Memoobl PeuleHuss Jmux
3a0ay. 3aoaua pacnpedenenus pecypcos s6saemcst 00HOU U3 PYHOAMEHMATbHBIX 3a0ay. Om 3PEHexmusHo2o
pacnpedeiieHuss ceoe20 8pemMeHu 00 pacnpedesieHus Mexcoy DA3IUYHbIMU BUOAMU OesmelbHOCMU U
3a0auamu pacnpeoenenusi pecypcos 6 KPYNHbIX UH@DOPMAYUOHHBIX cucmemax. B cmamwve paccmomperivt
pasHvie N0OX00bl K PAcnpedesieHuro pecypcos 6 OO0abuux UHEGOPMAYUOHHBIX CUCEMAX. pacnpeoeieHue
PECypcos 8 pamKax HeCmayUoOHAPHBIX 3a0a4, CMAYUOHAPHBIX 34044 U 6 MYIbMUASEHMHBIX CUCTEMAX.
Iepeuucnennvie n0OX00bl NOMOAIOM peulams pPasHble NPUKIAOHbIE 3A0aYU 8 PEXCUME PealbHO20 8PEMEHLL.
B cayuae pacnpedenenuss pecypcoé 6 MyIbmMuaceHmMHBIX cUcmeMax —cledyem — yuumvléams  Ux
OeYeHmMpanu3ayuro: a2eHmvl HenoCpeOCmeeHHO OMmBeyam moabko 3a cebs U He UMEIOm HOIHOU
uHpopmayuu o cucmeme, U3-3a 4e2o0 UMEHAEeMcs cama CywHocmy 3adayu. Taxkum obpazom, paspabomka
MYTbMUASEHMHBIX  MoOenell  603ModcHa. Hcnonv3yemvie 6 cucmeme Memoobl MYJIbMUASEHMHO20
NIAHUPOBANUS NO CPABHEHUIO C panee OMMEYeHHLIMU MPAOUYUOHHBIMU CROCOOAMU MO2YM NPUMEHAMbCSL 8
OeYEeHMPATU306AHHBIX CUCIEMAX 8 pedalbHOM epemenu. Hx npunodicenue obecneuusaem ynpasienue
npoyeccamu WIAHUPOBAHUSL U BbINOJHEHUs 3a0ay, OHU MO2ym Obimb UCHOIBL308AHLL OISl YNPAGIEHUS.
epynnamu 00vbeKmos, COCMOAWUMU U3 OOIbULOZ0 KOIUYECTNBA YCMPOUCE U CHOCOOHbI ONepamueHo
obpabamvigamv  3ad0auu  6orbuwioco obvema. Taxum 00pazom, 6 KOpomKue CPOKU  BO3MONCHO
npoeKmuposanue 1 6600 8 IKCHIYAMAYUI0 OCHOBAHHLIX HA UCHOTb308AHUU MYTIbMUALEHMHBIX MEXHOI02UL
NIAHUPOBANUS NPOSPAMMHO-ANNAPAMHBIX KOMHAEKCO8 HOB020 NOKOJEHUS, CHOCOOHBIX 83AUMOOCUCMBO8AMb
u pabomams 6 cpynne u NPUMEHUMbIX K WUPOKOMY CHEKMpY 3a0ay 6 pa3IuyHbIX 001ACHISIX.

Knwuesvie cnosa: mynbmuazenmuas cucmemd, MyJIbMUASEHMHbIL NO0X00, UHMOPMAYUOHHbLE
cucmempl, pacnpeoesienue pecypcos, OnmumMu3ayusl.

1. Introduction. In modern trends in the development of computer technology, decentralized
approaches to the organization of computer systems are becoming increasingly important. Thus, the
approaches that initially mean a decentralized computer system become interesting. A common
view of such approaches is multi-agent systems, which are being actively developed today.
However, it should be noted that due to the initial decentralization, there is a general tendency for
such approaches not to be optimal due to the lack of all necessary information about the system for
individual agents, which is usually offset by the lack of centralized computing. Consideration
approaches provide an opportunity to optimize the task of resource allocation in large information
systems.

2. Analysis of recent research and publication. An analysis of recent publications shows
that scientists around the world are actively conducting research in the field of optimizing the
allocation of resources in large information systems.

In the article [1] Yaremenko V.S. the analysis of multiagent systems of the analysis of the big
volume of the data representing set of intelligent agents is carried out. The analysis process includes
a set of steps to integrate data, pre-process data, classify data, define rules, and present a database.
Due to the parameters of autonomy, mobility and adaptability, the use of intelligent agents is
considered an effective solution for parallel and distributed data analysis [2]. Studies of domestic
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and foreign scientists [3-8] are devoted to the peculiarities of building multi-agent systems and the
benefits of approaches, models and architectures that can be used in their development. In the works
of Aksak N.G. [9-10] discusses the approaches used in the construction of network services based
on multi-agent systems for the distribution of large amounts of data.

Dodonov V.O., Lande D.V., Putyatin V.G. [11] considered the implementation of a multi-
agent approach to modeling information-analytical system for further application of the scenario
approach. A multi-agent model of dissemination of information messages containing links to
information resources on the Internet is presented. In the work of Melnychuk A.V., Sivakova T.V.,
Sudakova V.A. [12] investigates multi-agent modeling for constrained problem solving, where each
agent manages a specific set of variables and interacts with agents who share common constraints
with it.

In [13-15] describes the improvement of human resource management in projects for the
development and implementation of information systems through the use of multi-agent models,
methods and tools based on indicators of competence of human resources that may be involved in
project work under uncertainty and formation of these indicators. In the article [16] Omelyanenko
V.A. identified the conceptual basis for the development of intelligent project management systems
based on a multi-agent approach to the development of complex technological systems. The
solution of two optimization problems is considered — resource allocation and coordination of
parameters of the designed system. In [17] the system of distributed processing of streaming data
and complex events is considered. A mathematical model of consumption and distribution of
computing resources in peripheral computing is proposed. Based on the mathematical model, a
multi-agent algorithm was developed as part of the agent software architecture for distributed
streaming data processing, which was developed by the authors earlier. Prospects for the use of
intelligent technologies in the allocation of resources for peripheral computing are also considered.

Despite the fact that recently there are many approaches to optimizing the allocation of
resources in large information systems, research in this area continues.

3. The purpose and objectives of the study. The aim of the work is to optimize the
allocation of resources in large information systems through a multi-agent approach.

4. The main part.

An information system is an organized set of elements that collects, processes, transmits,
stores and provides data. An information system consists of people, equipment, processes,
procedures, data and operations. This information system not only reflects the functioning of the
object of management, but also influences it through government. It is a set of information
processes to meet the information needs of different levels of decision making. The task of
allocating system resources is a complex multi-extreme task. Modern information systems support
the function of allocation and redistribution of resources, but we still need to look for new methods
for optimal redistribution.

4.1. Allocation of resources in the framework of stationary tasks.

Let there be n orders and m types of resources. Consider one way to formalize the task of
allocating resources between orders in order to maximize benefits. Denote r, — the number of j-th

resource, j=1,m. We will assume that for each order i =1,m there is a function ¢ :R" — R that

sets the possible profit when using X, X X resources of the appropriate type. From a

i1 N2 im

mathematical point of view, the task of resource allocation is to find a matrix of resource X € R™
allocation that maximizes the functionality:

C(X)=2C (Xys X premms X, ) = MaX (1)
i=1
subject to restrictions on the total number of resources
;xijgrj, j=12,..,m (2)

and their positivity
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X, 20,i=12,...,m, (3)

The transport problem can be considered as some generalization of the problem of
destination. Given a typical resource, which is extracted in n mines, and which is interested in m
factories that want to get the resource in quantity z,i=12,..,m. The matrix of costs of

transportations of unit volume of a resource F in the size mxn with elements from is set R. The
task is to minimize the cost of transporting resources, ie you need to find a matrix of resource
allocation X, which would minimize the functionality with additional restrictions on the satisfaction
of all orders:

inj =z,i=12,.,n 4)
=

and meeting the conditions of limited and positive resources.
Conditions can be reduced to a general form by adding m rows at the beginning of the
matrix A

(5)

a, =1 if i=12,..,n, j=ii+n,.,i+n(m-1),
a; =1 if 1=12,.,n, for everyone else j,

and z,,z,,...,z, atthe beginning of the vector R.

As well as the task of appointment, the transport problem can also be solved. A more complex
example is the task of scheduling the use of school classrooms. Resources in this case are the
audience along with the time interval of classes. Relevant time intervals are traditionally pre-
arranged.

In fairly simple cases, this task can be reduced to solving the problem of coloring the graph.
In solving this problem, genetic methods, randomized algorithms, linear programming, neural
networks are quite common.

4.2. Allocation of resources within non-stationary tasks.

We consider the time factor t, which can be considered both discrete and continuous. The
previously considered stationary case corresponds to one point in time. In the non-stationary case,
there are important features of resources — resources can be wasted over time and be reproductive,
their number is limited per unit time. It is worth noting that the resource can have both properties at
the same time.

Let's denote by M_ Ta M, sets of reproductive and spent resources, respectively. Let the set
r= {rj, je MC} sets the limitations of reproductive resources at the time t. For the spent resources

we will in addition enter a set ¢ = {(pj, je MC} , showing the total number of these resources. In the
inpatient case, there is no difference between reproductive materials and consumables, so resources
and kits r,¢ are the same. In the general case ¢, the set of total resources spent may depend on
time ¢(t), including both the possibility of replenishing resources and the possibility of losing
them.

Orders have new characteristics: time of entry into the system t", critical acceptance time

(rejection) t', order execution time t™,i=12,..,n. Order profit function i, also becomes non-
stationary, there is a dependence not only on the resources used, but also on the time of execution of
orders. Denote X(t) the set of resource allocation between orders at time t. For the non-stationary

case with the final temporary set 0<t<T < oo, the task of allocating resources between orders can
be reformulated as follows:

C(X(-))ziznlci (t’xi,l’xi,27""xi,m)_>max (6)

t=0 i=1
in discrete time, or
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T n
COX) = [ D6 (E% 4 X510 X, ) —> MaX (7)
t=0 i=l
in continuous time, under the conditions of inalienability
x,;0)=0i=12..,n, j=12,..,m 0<t<T (8)
restrictions on the total number of reproductive resources
D ox )<, jeM,, 0<t<T (9)
i=0
and additional constraints on resources expended
n t
DD % (8)ds<p(t), jeM,, 0<t<T (10)
i=0 j=0

in discrete time, or

>

O t—

2

i=0

X (s)ds<o(t), jeM,, 0<t<T (11)

in continuous time.

In many non-stationary cases, there are difficulties if the tasks (resources) come in real time,
the parameters of the task are not known in advance and may change over time.

4.3. Allocation of resources in multi-agent systems.

In the case of resource allocation in multi-agent systems, their decentralization must be taken
into account: not always every agent of such a system can interact with others. In our case,
respectively, not every order can be available to each of the resources, which can be formally set by

the following restrictions: D e M (n,m) — the adjacency matrix of the connection graph, D, {0,1}

, then
X; <D, . (12)

]
In the non-stationary case, the network topology may change, so in the non-stationary case. In

the non-stationary case, the network topology may change, so in the non-stationary case D,

depends on time, and
x; <D, (b)r,, Vt. (13)

Another feature of the decentralized approach is the fact that, generally speaking, agents are
directly responsible for themselves and do not have complete information about the system, which
changes the essence of the task: instead of finding a distribution, we build agent behavior to obtain
this desired distribution.

4.4. Planning tasks.

Traditional planning theory considers the general problem of division of labor on computing
devices. A fairly large class of planning tasks is included in the described task of resource
allocation. The only type of resources in such tasks are computing resources. The following is an
example of a typical planning task: there are m computing devices and n orders. Each order is
known for: T, — time of receipt of the order, V, — order fulfillment fee and D, — order term. If the
order is executed between the time of receipt and the deadline, we receive the corresponding
benefit. It is also known that the calculator i can fulfill the order j for an time r; (the order must be

executed on one of the computers). Thus, formally, you need to maximize the following

functionality:
c,ﬁ[ﬁl X ; (t)dt} = J V. (13)

with CPU time limit;

n

D% ()<L vt (14)

i=1

8
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It is worth noting that often such tasks need to be solved in real time, ie we will learn about
the order only when it arrives.

5. Discussion of the results. Management systems of groups of objects are actively
developing at present, and the perspective direction of their development is development of
technical decisions for use in them of tools of planning of the coordinated group actions of mobile
devices at performance of the joint task. For the successful use of such systems, their functionality
should, in addition to task planning, allow adjustments to existing plans for changing tasks in
changing conditions, including responding to unforeseen situations by redistributing subtasks
between individual objects of the group. Versatility and independence from the context of the task
of the proposed solution methods will reduce the time for implementation and reduce the cost of
their creation by reducing the stage of development of software solutions. Thus, in a short time it is
possible to design and commission based on the use of multi-agent technologies for planning new-
generation software and hardware systems that can interact and work in a group and applicable to a
wide range of tasks in various fields.

6. Conclusions. Traditional planning theory considers the general problem of division of
labor on computing devices. A fairly large class of planning tasks is included in the described task
of resource allocation. The only type of resources in such tasks are computing resources. The article
considers different approaches to the allocation of resources in large information systems. These
approaches help to solve various applications in real time. In the case of resource allocation in
multi-agent systems, their decentralization must be taken into account: agents are directly
responsible for themselves and do not have complete information about the system, which changes
the very essence of the task. Thus, the development of multi-agent models is possible, as there are
software products that allow you to do so, because the functions of the agent modeling system, may
not always be completely satisfied, there is.

The multi-agent scheduling methods used in the system can be used in real-time decentralized
systems compared to the previously mentioned traditional methods. Their application provides
management of planning and execution of tasks, they can be used to manage groups of objects
consisting of a large number of devices and able to quickly process large-scale tasks.
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