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Pucynok A.1 — 1 cnaiig (pucyHOK BUKOHAHO CaMOCTIITHO).

[Ipo6sieMaTHKa npegMeTHOI 00J1aCTi

* AKTYya/lbHiCTb 3yMOB/IeHa 3pOCTaHHsIM HaBaHTaXeHHs Ha Beb-cucTeMn Ta
noTpeboto y NPOCTUX, epeKTUBHUX pilleHHAX Ana 6anaHcyBaHHA HTTP-
3anuTiB.

+ TakoX Hemae cucTem aKki 6 o4HOYaCTHO HaZaBain MOXIUBICTbL TeCTyBaTU
anropuTMI aganToBaHi caMme AN\ NpPorpaMHoOro NpoAyKTy KoOpncTyBada.

* OCHOBHUWIA HaNpPsAM JOCNiKeHHA — po3pobka KOMNAKTHOT cucTeMU
po3noginy 3anuTis Ha nnatdopmi .NET 3 niaTprimkoro 6a3oBux 1a
afanTVBHNX anropnuTMiB banaHcyBaHHS.

* O6'ekT goCNiPKeHHA — cMCTeMa POo3no/iny HaBaHTaXeHHs B yMOBax
3MiHHOro Tpadiky.
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Pucynok A.2 — 2 cnaiig (pucyHOK BUKOHAHO CaMOCTIITHO).



Orssp niTepatypu (aHasoris)

MpoaHanisoBaHo open-source pieHHs — YARP Ta Ocelot, aki BUCTynaoTe aHanoramm

UinboBoi cuctemun. BoHu peanizytoTs 6asosi anroputMu banaHcysaHHs (Round Robin,
Least Connections) i LWUMPOKO 3acToCOBYlOTLCA y production-cepeaoBuax. Takox byno
BMBYEHO OPiLliliHY JOKYMEHTaLit0 40 3a3Ha4YeHNX iIHCTPYMEHTIB.

HaasHi gocnigkeHHs Ta IHCTPYMEHTW NepeBaKHO 30CepeKeHi Ha cTaTUYHKX NiAxoaax

abo cknagHWx KopnopaTUBHUX pilleHHAX. MporannHmM nonaratoTe y BiACYTHOCTI
nerkoarosux piweHb Ana .NET, wo Ao3sonsoTe ajanTuBHe 6anaHcyBaHHSA Ta FHYyYKNA
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NOPIBHANBHWIA aHanis aNropnuTMiB y KOHTPOILOBAHOMY cepefoBULL.

Pucynok A.3 — 3 cnaiig (pucyHOK BUKOHAHO CaMOCTIITHO).

[TocTaHOBKa 3a7a4il

Mpo6nemm:

BigcyTHicTb NpocToro Ta aganTUBHOIO
pileHHA Ana banaHcyBaHHA HTTP-3anuTie
y .NET-cepegoBuLL.

HasgHi iHcTpymeHTUM (YARP, Ocelot)
opieHTOBaHI Ha production i He NiAX0AATL
ANA JOCNifKeHb Ta NOPIBHAHHA
anropuTMmiB.

CKNaAHIiCTb iHTerpawii CTOPOHHIX
6anaHcyBansHWKIB Y NPOEKTW Manoro Ta
cepeAHBOro MacliTaby.

Mpobnemu BIACYTHOCTI cUCTeMU SiKa 1O
A03BO/ANA KOPUCTYBaYy CTBOPHOBATU Ta
TecTyBaTu anropuTMn B peanibHWX yMoBax
afanToBaHuMX Mij ocobAMBOCTI iMoro
crueTemm

—
o —

OudikyBaHi pesynbTaTh:

Po3pobka KOMNAKTHOT CUCTEMN
BanaHcyBaHH#A 3 NigTpumkoro Round Robin,
Weighted Round Robin, Least Connections
Ta Adaptive.

Peanizauis mexaHiamy 36opy meTpuk (CPU,
aKTWBHI 3'€AHaHHA) AN aAanTUBHOIO
po3noAiny 3anuTis.

MO>XNMBICTE LWBMAKOIO NepemMnKaHHA Mix
anropuTMaMm1 B CepefoBULLi TeCTyBaHHA.
MNpoeefeHHs NopiBHANLHOTO aHanisy 3
dikcauieto pesyneTaTiB (latency, nomuaky,
HaBaHTaXXeHHs).

Pozpo6ka TecTOBOrO CLeHapito NopiBHAHHSA
Ta NPOBeAeHHS YCMiLLWHOro TecTyBaHHS.
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Pucynok A.4 —4 cnaiig (pucyHOK BUKOHAHO CaMOCTIITHO).
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MeToa0s10Tig JOCIKEeHHS

BuUKopUCTaHi MeToaM AOCNIA)KEHHA:

* MopiBHANBHWMW aHaNi3 — /15 OLHKN ePeKTUBHOCTI anropuTMiB 6anaHcyBaHHS
(latency, po3nogin HaBaHTa)XeHHs, KiNbKIiCTb NOMKNOK).

*  EMnipuyHe TecTyBaHHA — CUMYNSLIS peanbHOro HaBaHTaXeHHS: 3 Pi3HUMU
cueHapiaMu.

* 36ip Ta cTaTUcTUYHa 06po6ka MeTpuK — A1 3abe3neyeHHs JOCTOBIPHOCTI Ta
penpeseHTaTUBHOCTI pe3y/bTaTib.

Pucynok A.5 — 5 cnaiig (puCyHOK BUKOHAHO CAMOCTIIHO).

AnroputmMu

* Round Robin - piBHOMipHWI1 po3MoAin 3anuTiB MiX cepBepaMy y UUKAIYHOMY MOPSAAKY, He3anexHo Bij iXHbOro
NMOTOYHOrO CTaHy;

*  Weighted Round Robin - moguikauia nonepeaHbOro MeToAy, fKa BpaxoBye Barosi KoediljieHTV cepBepiB,
Z03BO/IAIOYUN PO3MNOAINATK Binblue 3anuTiB Ha 6inbLu NOTYXHI By3/K;

* Least Connections - Niaxia, KW OPIEHTYETLCA Ha KiNbKiCTb aKTUBHUX 3'€4HaHb, CNPAMOBYOYMN HOBI 3aNUTU A0 TOro
cepBepa, KN Ma€e HalMeHLLe aKTUBHUX MiAKA0YeHb Y JaHN MOMEHT;

*  Adaptive (Resource-Based) - anropuTm, Lo BUKOPUCTOBYE akTyanbHi faHi NPo CTaH cepBepiB AN MPUNHATTS pilleHb
Npo MapLupyTu3aLito 3anuTis, 3abe3neyyroyn AvHaMmiyHe Ta 6inbLl rHy4ke 6anaHcyBaHHS.

Cxema poboTw anropuruy Adaptive (Resource-Based)

MOMITOPANT
epsepis)

[Tl i CepsepA | | Cepsep® | CepoepC

>

oo ey | CePBePA | | CepoepB | | Cepuep C

Pucynok A.6 — 6 cnaiig (puCyHOK BUKOHAHO CaMOCTIITHO).
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ApxiTeKTypa cucreMa

— )
i

Controless o
Inisstces i

LodTasting

Mesics.

Models.

. BasoBwWii NainnaiiH BUKOHaHHA NOTOKY
KoHuenTyanbHa apxiTekTypa cuctemm
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Pucynok A.7 — 7 cnaiig (puCyHOK BUKOHAHO CaMOCTIITHO).

dansioBa cucTeMa NPOEKTY

CTpykTypa npoekTy nobygoBaHa AnA 3abesneveHHA MOAYALHOCTI, pO3LMPHOBAHOCTI
Ta NIerkocTi TecTyBaHHs:

DistLoad — ronoBHWI NpoekT-banaHcyBanbHWK:

Controllers — o6pobka 3anuTis Ta MeTpUK.
Services — peani3auis anropnTMmis 6anaHcyBaHHS.
Models — mogeni cTaHy cepBepiB i METPUK.
Interfaces — KOHTpaKT A4NA anropuTMIB.

Metrics — 36ip MeTpwk i3 cepeepiB.

LoadTesting — ckpunTu ans K6.

Server1/ Server2 / Server3 — imiTauiliiHi cepeepy 3 €MHOI CTPYKTYPOLO:

Controllers — craTyc cepeepa.
Models — noTo4Hwii ctaH (CPU, 3'egHaHHRA).
Services — 06pobka Norikn HaBaHTaXeHHs.

— —
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Pucynox A.8 — 8 cnaiin (prucyHOK BUKOHAHO CaMOCTIITHO).
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Onuc nporpaMHoOro 3abesnedyeHHs, 1110 6yJ10
BUKOPHUCTAHO V JOCIIKEHHI

Bu6paHi moBun Ta ¢ppeiiMBOpKI: Mpouec po3pobku:

* C#/.NET 8 — ocHoBHa MOBa Ta * (TBOpeHo MOAynbHy apXiTekTypy 3
PppeiimMBoOpK ANs peanisalli PO3AiNeHHAM BiANOBIAaNBHOCTEA: 5
BanaHcyBanbHWKa i cepeepis. KOHTpoNepw, cepsicy, Moaen, iHTepdelicu.

*« ASP.NET Core Web APl — * PeanisoBaHo NIATPUMKY YOTUPLOX
po3pobka REST-iHTepdeiicis ans anropuTMis GanchquHHH: Round Robin,
06pobkK 3annTiB | 360py METPUK. Weighted Round Robin, Least

K6 (JavaScript) — reHepalyis Connections, Adaptive. _ _
HTTP-HaBaHTaXeHHa Ans . ﬂ.OAaHO cncTemy 360py MEeTpPWK I3 CepBepiB
TecTyBaHHS NMPOAYKTUBHOCTI. (/api/status) Ans afanTUBHOrO anropuTMy.

* Postman / Swagger — pyuHe Ta * HanwucaHo K6-ckpunTi Ans ModentoBaHHA
aBTOMaTW30BaHe TecTyBaHHs API. Pi3HWX TUNIB HaBaHTaXeHHA (Nikose,

C— piBHOMIipHe, BUNajkoBse).
o .

Pucynok A.9 — 9 cnaiin (prucyHOK BUKOHAHO CaMOCTIITHO).

dopmyJia afanTUBHOTrO 6aJlaHCYBaJbHUKA

iveReq + 1) + Log(CpuUsa + 1) + Log(TotalReq + 1) + Lo pType + 1)
eight + e

Score(S) =

* Je activerequests i — NOTOYHA KiNbKICTb aKTUBHWX 3anMTIB Ha i-My cepBepi (NoToYHWIA load);
+ cpuusage i - BiAcoTok 3aBaHTaxeHocTi cpu (0 ... 100%) y i-ro cepeepa;

+ totalreq i — 3aranbHa KinbKicTk 3annTiB, 06POBAEHNX LVM CepBepOM 3a ceaHc (icTopryHa MeTpuka —
wo 6inblue, TUM cTabinbHile NpaLroe cepsep);

* resptime i — cepegHili yac BignoBiai (Ms) cepBepa 3a OCTaHHIW iHTepBan;

+ £ — HeBenuka NocTiHa (Hanpuknag, 0,001), Wo6 3HaMEeHHWKY HIKOAW He BUIALLNO TouHe «0».
d h
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Pucynok A.10 — 10 cnaiin (pucyHOK BUKOHAHO CAMOCTIHHO).
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[IpoBeieHHA eKCIEpUMEHTY

MeTpuKH /Ul BiJTIpaBIeHHS

3amyck cepBepiB

11

Pucynok A.11 — 11 cnaiin (pucyHOK BUKOHAHO CAMOCTIHHO).

[IpoBejeHHS eKCIIEPUMEHTY

iif = Dispatch Counts ===
K6 cuenapiit cer Dispatch Coun

o —
| —
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Pucynok A.12 — 12 cnaiin (pucyHOK BUKOHAHO CAMOCTIHHO).



AHaJ1i3 OTpMMaHUX pe3yJIbTAaTIB

Hrepauin

1

TaGnuus irepauiit

J ¢ KoHcosbHuiT BUBIJ pe3yiIbTaTiB BIANIPALIOBAHHS
LogMixAdaptiveBalancer

Pucynok A.13 — 13 cnaiij (pucyHOK BUKOHAHO CAMOCTIHHO).
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13

AHaui3 pe3yJibTaTiB

ANTOPUTM FTHYYKO KOPUIYyE pO3MNOAiN: YacTka 3annTis, Lo HaACUNAETLCA Ha Server 2 i 3, Tpoxun
3pOCTaE B OCTaHHIX LMKNax, 04Hak OCHOBHE HaBaHTaXeHHS 3a/MLWaeTbeA 3a Server 1, JoMNokK oro
MOKasHWKW 3a1IMLLIAITECA HalMeHL KpUTUYHKMMK,. CaMe Taka cTpaTeris 3abe3nevye HalcCTilKiWy Ta
HaliedpekTUBHILWY poboTy BCie€l cUCTeMM HaBiTb y BMNagKy AOBroTPMBAaNoro abo HeCMMeTpUYHOro
HaBaHTaXeHHs, OocKinbkn LogMixAdaptiveBalancer nocTiiHO MepeoLiHIOE MeTPUKKM B peasbHOMY

yaci, MiHIMI3ye BMAWB BY3MiB 3 BWCOKOK 4YacTKow 360iB i He AOMyckae pi3kKMxX nposanis y
[AOCTYMHOCTI KOAHOr0 3 aKTUBHKX cepBepiB.

Y nigcymKy, pesyneTatii eKCnepyMeHTy AeMOHCTPYHOTh, WO 3anpoNoOHOBaHWIA anropuTM
LogMixAdaptiveBalancer 3aaTHUIA edeKTUBHO A THYYKO PO3NOAINATY HaBAHTaXEHHS MiX
cepBepamMu B yMOBax HepiBHOMIPHOI AMHaMIKW Ta MOCTYNOBOro 3poCTaHHA KPUTUYHUX METPUK,
Takmx K CPU Usage, KiNbKicTb akTUBHWX 3aMNWTIB | YacTka 3601B. Ha BiAMIHY Bij KNacMuHUX MiAX0AiB

14

Pucynok A.14 — 14 cnaiin (pucyHOK BUKOHAHO CAMOCTIHHO).
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[lyouikanisi pe3yibTaTiB

19
Kharkiv- c 2025

Certificate

Serhii Myroshnychenko
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Pucynok A.15 — 15 cnaiig (pMCyHOK BUKOHAHO CAaMOCTIHHO).

[lizcymMKu
Y xoai BUKoHaHHSA kBanidikauiiHoi poboTn 6yno npoBegeHo aHaniz npobnemMHoi obnacTi

AOCTIDKEHHS CUCTeM PO3Mojiny 3anuTis Ta banaHcyBaHHA HaBaHTaXeHHS, a TakoX
aKTyanbHWX NUTaHb, MOB'A3aHKX i3 3a6e3neyeHHAM CTiliKoi poboTn cepBepHUX

KOMMAEKCiB B YMOBaX BUCOKOI AMHAMIKK Tpagiky Ta pPi3HOPIAHOCTI XapakTepUCTVK BY3NiB.

34icHeHO cMCTEMATUYHUIA OTNRY ICHYOYMX NIAXOAIB | KNaCUYHUX anropuTmis
6anaHcyBaHHs, 3okpeMa Round Robin, Least Connections, Weighted Round Robin Ta

afanTUBHUNX PecypCcHO-OPIEHTOBAHWUX anropuUTMIB.

OTpVIIVIaHi pe3ynbTat I'IiATBep,ﬂ,)KyI-OTb AOUINBHICTB BMKOPWNCTAaHHA KOMMNEKCHWX

BaraTopakTopHMX NiAX0AIB A0 PO3NOAiNY 3anunTiB, a 3anNponoHoBaHa MeToAMNKa A03BONSE

HAOYHO i CMCTEMHO MOPIBHIOBATN ePeKTUBHICTb PI3HUX aNrOPUTMIB Y KOHTPONLOBaHMNX
eKcneprMeHTasbHUX YMOBaX, LLIO MOXe CTaTh OCHOBOK A1 BNPOBaKeHHs binbLu
afanTUBHUX i CTIMKUX A0 HaBaHTaXeHb BanaHcyBanbHUKIB Y MPaKTUYHMX CUCTEMAX.

——
dh

16

Pucynox A.16 — 16 cnaiin (pucyHOK BUKOHAHO CAMOCTIHHO).
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Ampo0arrist pe3yibTatiB poboTH Ha KoH(pepeHii «1 MixkHapoaHa HayKOBO-IIPAaKTUYHA
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Research on the Effectiveness of Load Balancing Algorithms
"Load Testing" and Their Testing Tools *

Serhin Myroshnychenko®, Mataliz Golyan®

Kharkiv Natonal Universiny of Radie Electronics, Nawky Averue, T4, Kharkiv, 61166, Ukraine

Abstract

In modem distributed information systems, ensuring high performance and availability is a
critically important task. With the growth of the number of users, requests, and microservice
componenis, the problem of load balancing between servers 1s becoming increasingly relevant.
The mechanisms that implement these tasks must be sufficiently flexible, adaptive, and able to
work effectively in conditions of dynamic traffic changes.

There are many classic approaches to load balancing — such as Round Fobin, Weighted Least
Connections, Smooth Weighted Round Robin, and Feedback-Based — each of which has its
advantages and disadvantages in different operating conditions. However, none of them is
universal for all types of loads and infrastructure configurations. Moreover, popular load
testing tools, in particular K6 Cloud or BlazeMeter, do not provide flexible support for
simultancous comparison of different algonthms or collection of complex routing efficiency
meirics.

This paper considers an approach to building a system that not only allows you to simulate the
load on multiple servers, but also provides dynamic companson of balancing algonithms.
Special attention is paid to the development of an adaptive hybnd algorithm that combines the
logic of several classical methods using logarithmic smoothing to avoid peak loads. The work
amms to mvestigate the effectivencss of such an approach in companson with exsting
algorithms based on our own testing infrastructure implemented using NET Core and K.

Keywords !

Weaghted Least Connections; Smooth Weighted Round Robin; Feedback-Based; loganthmic
smoothing; load testing; K6; distributed systems; MNET Core; routing efficiency;
microservices; Software Quality; Testing.

1. Introduction

In modern distributed information systems, ensunng high performance and availability is a critically
important task. With the growth of the number of users, requests, and microservice components, the
problem of load balancing between servers is becoming increasingly relevant. The mechanisms that
implement these tasks must be sufficiently flexible, adaptive, and able to work effectively in conditions
of dynamic traffic changes.

There are many classic approaches to load balancing — such as Round Robin, Weighted Least
Connections, Smooth Weighted Round Robin, and Feedback-Based — each of which has its advantages
and disadvantages in different operating conditions. However, none of them is universal for all types of
loads and infrastructure configurations. Moreover, popular load testing tools, in particular K6 Cloud or
BlazeMeter, do not provide flexible support for simultaneous comparison of different algorithms or
collection of complex routing efficiency metrics.

This paper considers an approach to building a system that not only allows you to simulate the load
on multiple servers, but also provides dynamic companson of balancing algonthms. Special attention
is paid to the development of an adaptive hybrid algorithm that combines the logic of several classical
methods using logarithmic smoothing to aveid peak loads. The work aims to investigate the

MITE AIS 2025s: Ist International Scientific and Practical Conference “Modem Information Technologies and Artificial Intelkgence
Systems”, May 19-22, 2003, Kharkiv-Yaranche, Ulraine
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effectiveness of such an approach in comparison with existing algorithms based on our own testing
infrastructure implemented using NET Core and K6[1].

2. Justification of the choice of means of testing the effectiveness of
algorithms

To implement the load balancing algorithm comparison system, the NET Core platform was chosen,
which provides high performance, scalability, and flexibility in web application development. Thanks
to its dependency and extension support, WET Core allows easy integration of routing modules, metrics
processing, and AP contrallers.

To simulate client requests and create real load, the K6 tool is used - a modern platform for scnipted
load testing with the ability to automate, collect metrics, and JavaScript scripts.

Monitoring of the internal state of servers and metrics 15 implemented through the Prometheus. NET
library, which allows for real-time data collection and easy integration with Grafana for visualization.

The selected algorithms (Round Robin, Weighted Least Connections, Smooth Weighted Round
Robin, Feedback-Based) are implemented as separate services, which allows for flexible modification
and comparison of their behavior in a single environment.

3. Analysis of existing balancing algorithms

In modem distributed software svstems, load balancing plays a key role in ensuring reliability,
scalability, and high availability of services. The most popular ones are listed below:

Found Robin (cyelical balancing), this approach involves sequentially redirecting each new request
o the next server in the hist. Its advantage is simplicity of implementation, but it does not ake into
account the real load or performance of each server, which can lead to imbalance.

Weighted Round Robin, 15 an improved version of the cyvehe algorithm, in which each server 1s
assigned a weight that determines the frequency of its selection,

Thus, more powerful servers receive more requests. The problem is that the weight is static and does
not take into account dynamic changes in the load|[2].

Smooth Weighted Round Robin, this algorithm eliminates the jumpiness in the dismbution of
requests inherent in the classic Weighted Round Robin by smoothly distnibuting the weight over time.
It provides a more uniform distnibution even in complex configurations.

Least Connections, this algorithm selects the server with the fewest active connections. It s effective
in scenarios where the request load vanes greatly. However, it does not take into account the power or
performance of the servers[3].

Weighted Least Connections, this 15 a combination of the Least Connections and Weighted Round
Robin approaches.

Servers with fewer active connections and higher weights are given priority. This scheme provides
a more dynamic distribution, but requires regular updates of the weights[4].

Feedback-Based algorithms, these methods take into account feedback from the servers (CPU,
latency, number of requesis, etc.) to make decisions. These are some of the most flexible and intelligent
algorithms, but they are complex to implement and require real-time metrics collection.

Analysis shows that none of the above approaches 15 umiversal. Most systems use one of these
algorithms without the ability (o combine their advantages or dynamically adjust depending on the
actual load. This creates a need for new adaptive approaches that can combine the strengths of multiple
algorithms.

4. Analysis of existing approaches to testing balancing algorithms

Evaluating the effectiveness of load balancing algonthms is cntical for developing stable and
scalable distnbuted systems. However, in practice, existing testing tools have a number of himitations
that significantly complicate a full comparison between algorithms. The closest candidates for such a
syslemn are considered below:

Pucynok B.2 — JIpyra cTopiHka cTaTTi (pUCYHOK BUKOHAHO CaMOCTIHHO)
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o K6 Cloud. K6 15 a modemn load testing tool that allows you to simulate a large number of users

and supports writing scripts in JavaScript. However, the cloud version of K6 Cloud 15 not focused

on esting load balancing systems. It does not allow you to record metrics that reflect the

elfectiveness of speailic algonthms (for example, server selection time, distnibution of requests

across instances, performance, ete.). Thus, it is more suitable for general APT testing, rather than for

analytics of balancing sysiems;

«  BlazeMeter. BlazeMeter 15 another popular service for load generation and automated testing,

However, when trving 1o compare several balancing algorithms, it becomes necessary 1o manually

change the system configuration each time or create separate environments for each algorithm. This

muakes it impossible to est multiple strategies in parallel under the same conditions.

Thus, exisiing platforms are more focused on general performance testing than on specialized
analysis of the effectiveness of balancing algorithms.

They do not provide transparent metncs on the selected request routing path, the response time of
each server, changes in load, or adapiation o traffic changes.

The lack of a full-fledged toolkit for in-depth analysis and comparison of algorithms creates the need
for a proprietary testing environment that provides control over the balancing loge, transparency in the
collection of metncs, and the ability to compare results in real time[5].

5. Software solutions and adaptive algorithm

As part of the development of a system for evaluating the effectiveness of load balancing algorithms,
a flexible software platform was implemented. It includes an adaptive request routing algonthm and
tools for collecting, analvzing, and displaying performance metrcs.

The system 15 modularly built on the NET platform and uses middleware to dynamically redirect
imcoming requests. It supports multiple load balancing algonithms (Round Robin, Least Connections,
ete. ), with the ability to switch between them at runtime.

The kev contribution of this project is the development of an adaptive algonthm that combines
principles from classical strategies such as Smooth Weighted Round Robin and Feedback-Based, whale
introducing logarithmic smoothing to reduce the impact of load spikes. This enables more balanced and
aocurate reguest distribution[6].[ 7].[8].

The efficiency score of each server is caleulated using the formula:

Score(5)

_ Log(ActiveReq + 1) + Log(Cpullsa + 1) + Log(TotalReq + 1) + Log(RespType + 1) ]

B Weight + e (L)
where £ - £ 15 a small positive constant to prevent division by zero, This formula takes mnto account

not only real-time server activity and CPU load but also histoncal performance metrics such as the total

number of handled requests and response time.

A key immnovation 15 the dynamic computation of each server's weight:

Ci = Mi
Welght = Gy eight + eLog(AVGResponseTimel + 1) + Log(FallureRatel 1) 2
where £ represents the number of logical CPU cores, Mi is the amount of available RAM, and
AvgResponse Timer andFailureRater are the average response time and the error rate, respectively. This
ensures that servers with higher capacity, stability, and lower failure raies are prniontized when
distnbuting the load.

This approach enables the creation of a scalable and adaptive load balancing system that responds

o real-time changes in demand. while also considering the technical characteristics. reliability, and

performance of each server.

6. Conclusion

In conclusion, each of the algonthms has its own advantages, but also limitations that manifest
themselves in cases of sudden load changes, heterogeneous server computing power, or high
requirements for real-time adaptability.
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In addition, an analysis of existing testing tools, such as K6 Cloud and BlazeMeter, showed that
none of them provides full support for comparing the effectiveness of load balancing algorithms. They
do not allow for automated recording of key metrics (such as request distnibution, response time of
individual servers, load change in dynamics) and do not support parallel testing of several strategies In
the same environment.

According to the results, we can say about the need to create our own adaptive balancing system
that would combine the strengths of classical algorithms with logarithmic peak smoothing mechanisms.

This approach will allow us to take into account the current state of servers, the number of requests,
CPU load. and other dynamic parameters, providing more accurate and effective balancing in conditions
of vanable traffic.

In addition, an integral part of the research was the development of our own algorithm testing and
comparison system, which would allow us to record the balancer's behavior in real time, visualize the
collected metrics, and provide for changing the algorithm without restarting the system. Such a tool
could be effective in large-scale distributed systems.
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