PED®EPAT

AKTYaJIBHICTh TEMH.

CpOroJHIIHI TEHJAEHUII [I0J0 3arajJbHOr0 MEpexoAy YycCiX Oi3Hec-IpOLECiB,
COITIaJIbHUX MporpaM 1 pPoOOTH JEpKAaBHUX YCTaHOB (30KpeMa, MO0 IyOIIYHUX
nociayr) Ha nu@poBi mIaTGOpMU 1 CTBOPEHHS BeO-CEPBICIB MPU3BOIATH [0
Oe3mpereIcHTHUX MaciTabiB 301IbIICHHS HABAHTAXEHb HA YCIO MEPEXKY B IIJIOMY.
[HTEpHET 1 1HII TEXHOJOTIH CTaIM HAWIOCTYHHIMMMH HIX Oyab-koiu. Lle# mporec
TpaHchopmMmaiiii Oyje NpoxoauTu 6araTo pokis, a TOMY JIy’e BaJIMBO BIPOBAIKYBaTH
HOBl TEXHOJIOTIi, IMOOM BCTUTHYTH 3a PO3BUTKOM TMOMIM 1 3amoOirTu ceprio3HuX
po0JIeM y CBITOBOMY MEPEKEBOMY Tpadiky.

CphOroJIcHHI BHKJIMKH CTaBJIATh TEpen Aep)KaBaMH 1 YaCTHUMHU KOMITAHISIMH
3aBJaHHS, IIOJ0 KOHTPOJHOBAHOCTI 30UIbIIeHHS Tpadiky, 3a0e3meyeHHs Horo
HAJIAHOCTI, CTOPEHHS YMOB MaKCUMaJIbHOI IIBUIKOII, 1 TOCTYIMHOCTI JO KO>XHOTO
KOPHUCTYyBayda Ha CBITI, TaK sIK [HTepHET cTaB 3100yTKOM YChOOTO JIFOJICTBA 1 Ma€e OyTH
PO3MOIITIEHUH MK yciMa JIFOJbMH PIBHOMIPHO.

banmancyBaHHS HaBaHTaXEHHS B CBOIO 4Yepry CTaBUTh HA METI KOHTPOJbH 1
pPO3MOT MEpPEeKEBUX PECypCiB MDK CepBepaMu, IO B KIHIIEBOMY pe3yjbTaTi
JIOTIOMOTa€ KOHTPOJIIOBATH MaclTad mMepekeBoro Tpadiky 1 HE JOIMYCTUTH MOro He
KOHTPOJLOBAHOTO 3aBAaHTAXEHHS HA BIAMOBIAHI cepBepu. Po3mojin HaBaHTaKEHHS
MOXK€ BiZOyBaTHUCA 3a JOTMOMOIOK) MPOTPAMHUX 3aCTOCYHKIB a00 aJIropuTMiB
OaJlaHCyBaHs, a MOX€ BiI0yBaTHCS 3a JOMOMOTOI0 OUIBII CKJIAAHOI amapaTHoi
peamiarii, sika 3a JOTOMOTOI0 BOYJOBaHMX MPOTPaAaMHHUX MOJIYJIB 1 0COOTUBOCTEH
apXITeKTypHOi OyJOBM BHYTPIHIIHBOI apXITEKyTpW 3AaTHO B pa3u CTaOUII3yBaTH 1
MPUIIBUIIINTHA 00pOOKY 1 nepenauy iHdopmarii.

B MaiibyThoMy MNpOTHO3YEThCA neNaii CTPIMKIIIE 3POCTaHHS MEPEKEBOTO
Tpadiky, 10 B CBOIO Yepry OyJie MPUIBUANIYBATH PO3BUTOK CYMYyTHIX TEXHOJOT1H K

BIMOBIAb MO0 30ayiaHcyBaHHS Tpagiky. Tomy aKkTyalbHICTb TEMHU € JOCUTh



Baromoro, i Oyje 3aiumarucs B MailOyTHbOMY, 3 MIpO PO3BUTKY MEPEKEBHX 1 Teje-

KOMYHIKaIliil BUIJIOMY.

Merta i 3a1a4i D0CTiZKEHHA

Onrtumizaiisi poOOTH MEpEeXKEBUX CEPBICIB 32 paxyHOK OOpaHOro crmocoly Ta
anroputMy OanaHcyBaHHS. [[Jis1 JOCSITHEHHS TTOCTABJICHOI METH HEOOXITHO BUPIIITUTH
3a/1a4l aHaJi3y ICHYIOUHMX METOJIB OaJaHCYyBaHHS HABaHTAXCHHS, Y TOMY YHCHI 13
BUKOPHCTAHHSAM JHCIeTyepa OamaHCyBaHHS HaBaHTaXEHHA. JlOCHIAUTH apXiTEKTypu
CepBepiB 1 MPOrpaMHMX ITIXOIIB, IO JO3BOJISIOTH OTPHUMATH 3HAHHS MO0 OCHOBHUX
dbyHKuUi 6anaHCcyBallbHUKA HaBaHTaxeHHs. DopMarizaliis oTpuMaHoi iHdopmariii.

OO0’eKkT AoCHiIKeHHsI: Tpoliec OallaHCYBaHHS HABAHTAXKEHHA NpH POOOTI
Cy4acHUX MEPEKEBUX CEPBICIB.

IIpeamerom nociiazkeHHs € crioci0 onTuMizall OajaHCyBaHHS HABaHTaKEHHS
3 BUKOPUCTAHHSIM JlUcIieTYepa-0anaHCcyBaIbHHUKA.

HaykoBa HOBU3HA 0JIepKaHUX PE3YJIbTaTI MOJIATAE Y HACTYITHOMY.

. 3anponoHOBaHO crnoci0 ONTHMMI3alli Ha OCHOBI MeToay OajaHCyBaHHS
HABAHTAKEHHA 3 BUKOPHCTAHHSIM JHCIIeTYepa OanaHCyBaHHS HaBAHTAKECHHS.

. Po3pob6neno mporpmMy peanizaiiii cnoco0y ta dopmaizailis oTpUMaHUuX
JaHUX.

IIpakTnyHa WiHHICTH OJEp)KAaHMWX B MariCTepPChKiil nucepTailii pe3ysbTaTiB
NOJIATa€ B TOMY, IO 3aIPONOHOBAaHUN CMNOCIO Jae 3MOTY ONTUMI3YyBaTH poOOTY
MEPEKEBUX CEPBICIB 32 paXyHOK OamaHCyBaHHS HaBaHTaxeHHs. OTpUMaHi pe3yIbTaTh
MOXXYTh OyTH pO3LIMPEHI Ta MOJIEPHI30BAaHI 1 BHUKOPUCTOBYBATUCS M poOOTH
BJIACHOT'O BEO-CaMTy.

Anpobauis poéoru:

JIBI TeMu OJHOIO 13 PO3JLIIB MariCTepchbKoi aucepralii OyAyTh pO3MILIEHI

BIJIMTOBITHO HA IBOX HAYKOBUX KOH(EPEHITISIX:



1. IX Miscnapoona nayxoeo-npaxmuuna kongepenyis «MODERN
PROBLEMS OF SCIENCE, EDUCATION AND SOCIETY» (6 - 8 aucmonaoa 2023
poxy) Kuis, Ykpaina. [1]

2. [MPUKIIAIHA MATEMATUKA TA KOMIT'FOTUHI" XVI nayxoso-
npakTUYHa KoHdepeHIis MarictpanTiB Ta acnipanTtiB [IMK-2023 ¢akynbreTy
npukiiagHoi MatemaTuku (28 — 30 mucromana 2023 poky) Kuis, Ykpaina. [2]

IMyo0aikanmii.

3a TEMAaTHUKOIO MPOBEJICHUX JOCIIIKEHb OITy0JIIKOBaHO 2 HAYKOBI Mpalil, a came
TE3H JIOTIOBiIeH Ha 2-X KOH(PEPEHITIsX.

Crtpykrypa Ta 00csAr Qucepraiii.

Marictepcbka aucepTanis CKIAJaeTbCi 3 YOTHPbOX PO3IUIB, BUCHOBKIB I10
KO)KHOMY PO3JILTY Ta 3araJlbHUX BUCHOBKIB IO pOOOTI B IIIJIOMY, CITUCKY BUKOPUCTAaHUX
JiTepaTypHuX jpkepen (45 HaiiMeHyBaHb) Ta 10oAaTKiB. [IoBHHIT 00CsT MaricTepchbKkoi
mucepraiii — 131 cropinka, y Tomy uncii 80 cTOpiHOK OCHOBHOTO TEKCTY, 43 PUCYHKA,
3 Ta0Ju.

Y 6cmyni momaHO 3aralbHy XapaKTEepPHCTUKY pOOOTH, 3pOOJIEHO OIIHKY
Cy4acHOTO CTaHy MpoOJieMH, OOTPYHTOBAHO AaKTYaJIbHICTh HAMPAMKY JIOCHIIKEHb,
c(hopMyIHLOBAHO METY 1 3ajJjaul JIOCHIIXKE€Hb, TTOKA3aHO HAYKOBY HOBU3HY OTPUMAaHUX
pe3yNbTaTiB 1 MPAKTUYHY I[IHHICTh POOOTH, HABEIEHO BITOMOCTI MPO ampoOarlito
pe3yibTaTIB 1 IXHE BIPOBAIKEHHS.

Y nepwomy po3ainl po3risiHyTa 3arajbHa MpoOJieMaTHKa OajlaHCyBaHHS
HABAaHTAKEHHS, BUJIUICHI Cy4acHI METOJIM BUPIMICHHS IaHOi MPOOJIEeMU, TPOBEICHHS
MOPIBHSUTBHOTO aHaIli3y, BUJIJICHHSI HEBUPILIEHUX MUTAHb

VY opyeomy po3aini oOrpyHTOBYETHCS BUOIP HAMPSIMY AOCIIIKEHb, BUKJIAIA€ThCS
3arajibHa METOJWKa IPOBEIACHHS JUCEPTAIIHHOIO JOCIIIKEHHS, OIMCYEThCS X1
JOCTIPKEHHS, YMOBHU Ta OCHOBHI €TaIy €KCIIEPUMEHTIB.

Y  mpemvomy  pO3MLII  BUOKPEMIIIOETbCS ~ Make€T 1  MPOBOJATHCS

CKCIICPHMMCHTAJIbHC I[OCJ'IiI[)KeHHH 3a 3aIlIpOIIOHOBAHHNM MCTOJ0M.



Y uemeepmomy poO3nUSII HABOJAUTHCS TECTYBaHHS CUCTEMHU Ta QopMmalizarlis
OTPUMAaHHX JAHUX.

VY sucnoexax BUIIISIOTHCS PE3YNbTATH JOCTIIKEHHS, 10 CPOPMOBaHI HA OCHOBI
METH 1 3aBJIaHHS, 1110 OMTMCaHI Y BCTYIII.

KiarouoBi cjoBa: gucnerdep OanaHCyBaHHS HaBaHTaXEHb, OINTHUMI3allis

MEpPEKEBUX-CEPBICIB, HABAHTAKEHHS Ha CEPBEPU, PO3MOILIEHHS TpadiKy.



ABSTRACT

Actuality of theme.

Today's trends regarding the general transition of all business processes, social
programs and the work of public institutions (in particular, public services) to digital
platforms and the creation of web services lead to an unprecedented scale of increasing
network load. The Internet and other technologies have become more accessible than
ever. This transformation process will take many years, and therefore it is very
important to implement new technologies in order to keep up with the development of

events and prevent serious problems in the world's network traffic.

Nowadays challenges pose tasks for states and private companies to control the
increase in traffic, ensure its reliability, meet the conditions of maximum speed, and
accessibility to every user in the world, as the Internet has become the property of all

mankind and must be distributed among all people equally.

Load balancing, in turn, aims to control and distribute network resources between
servers, which in the end helps to control the scale of network traffic and prevent it
from being downloaded to the appropriate servers. Load distribution can be done using
software applications or balancing algorithms, or it can be done using a more complex
hardware implementation, which, with the help of built-in software modules and
features of the internal architecture, can stabilize and speed up the processing and

transmission of information many times over.

In the future, increasingly rapid growth of network traffic is predicted, which in
turn will accelerate the development of related technologies as a response to traffic
balancing. Therefore, the topicality of the topic is quite significant, and will remain so

in the future, with the development of network and telecommunications as a whole.

The purpose and objectives of the research



Optimizing the operation of network services due to the selected method and
balancing algorithm. To achieve the goal, it is necessary to solve the problems of
analysis of existing methods of load balancing, including using the load balancing
manager. Explore server architectures and software approaches that allow you to gain
knowledge about the main functions of a load balancer. Formalization of received

information.

The object of research: the process of load balancing during the operation of

modern network services.

The subject of research is a method of optimizing load balancing using a

balancer manager.
The scientific novelty of the obtained results is as follows.

» An optimization method based on the load balancing method using the load

balancing manager is proposed.

* The method implementation program and the formalization of the obtained data

were developed.

The practical value of the results obtained in the master's thesis is that the
proposed method makes it possible to optimize the operation of network services due
to load balancing. The obtained results can be expanded and modernized and used for

the operation of your own website.
Approbation of work:

Two topics of one of the sections of the master's thesis will be presented at two

scientific conferences, respectively:

1. IX International Scientific and Practical Conference "MODERN PROBLEMS
OF SCIENCE, EDUCATION AND SOCIETY" (November 6 - 8, 2023) Kyiv, Ukraine.

[1]



2. APPLIED MATHEMATICS AND COMPUTING XVI scientific and
practical conference of master's and postgraduate students of PMK-2023 of the Faculty
of Applied Mathematics (November 28 - 30, 2023) Kyiv, Ukraine. [2]

Publications.

2 scientific works have been published on the subject of the conducted research,

namely abstracts of reports at 2 conferences.
The structure and scope of the dissertation.

The master's thesis consists of four sections, conclusions on each section and
general conclusions on the work as a whole, a list of used literary sources (45 sources)
and appendices. The full volume of the master's thesis is 131 pages, including 80 pages

of the main text, 43 figures, 3 tables.

The introduction provides a general description of the work, assesses the current
state of the problem, substantiates the relevance of the research direction, formulates
the purpose and tasks of the research, shows the scientific novelty of the obtained results
and the practical value of the work, provides information on the approbation of the

results and their implementation.

In the first section, the general problems of load balancing are considered,
modern methods of solving this problem are highlighted, comparative analysis is

carried out, and unresolved issues are highlighted

The second section justifies the choice of the direction of research, outlines the
general methodology of conducting the dissertation research, describes the course of

the research, the conditions and the main stages of the experiments.

In the third section, the layout is highlighted and experimental research is carried

out according to the proposed method.



The fourth section provides system testing and formalization of the obtained data.

The conclusions highlight the results of the research, formed on the basis of the

goal and task described in the introduction.

Keywords: load balancing manager, optimization of web services, load on

servers, traffic distribution.



