PED®EPAT
AKTYyaJIbHICTb TEMH

JletieHTpanizoBaHi 6€31pOTOBI MEPEXk1 JyKe IMBUAKO PO3BHUBAIOTHCS B HAIII Yac.
[TpoTokonu MapmpyTHU3allii 0 BUKOPUCTOBYIOTHCS B HUX, YK€ CHJIBHO BIUIMBAIOThH

Ha PO3BUTOK ITUX MEPEXK 1 YOMY caMe iM Ha/Ial0Th IepeBary.

Q-routing € akTyaJlbHUM 1 IEPCIIEKTUBHUAM QJITOPHUTMOM MapIIPyTH3AIIii y CBITI
JICIICHTPATI30BaHUX MOOLTLHUX Mepex. Bukopucranus Q-learning moneneii no3soiise
oMy e(dEeKTHBHO BHUPILIYBATU MPOOJIEMU HArpoOMaKEHOCTI B Mepexax 0e3 4ITKOi
1H(}pacTpyKTypH Ta 3B's13KiB MK By3naMu. Lleit anroputm Moxke aganTyBaTUCh JI0 3MIH
y cepenoBuill Ta ¢GopMyBaTH ONTHUMaIbHI NUIAXHU Iepenayl JaHux. B mopiBHSHHI 31
CTaHJIAPTHUMH aJTOPUTMaMHU MapmipyTtu3saiii, Q-routing mae mepeBars y THy4KOCTI,
IIBUJIKOCTI Ta 3JJaTHOCTI JI0 HaBYaHHsI, 1110 POOUTH HOTO MOTCHIIMHUM JIAEPOM Yy 1Iii

rampysi.

3anponoHOBaHUI MOJINIIEHUINH aJITOPUTM MapIIPyTU3aLli CyTTEBO MIJBUILYE

MPOYKTUBHICTH 0230BOTO AJITOPUTMY, 110 A€ OLIbIIE MepeBar Ta MOKIUBOCTEH.

O0’€KkTOM J0CTITKEHHS € JICIIEHTPaTI30BaH1 0€3IpOTOBI MEpexi Ta

MPOTOKOJIM MapLIpyTU3allii B HUX

IIpeameTom gocaiakeHHs € MOJIMIIEHHS aITOPUTMY MapIIpyTH3allii

cimeiictBa Q-routing

Mera po6oTH: MIJBMILEHHS OCHOBHUX MapameTpiB B JICLIEHTPaTi30BaHUX
0e31pOTOBUX MEPEKax, 3aBAsiKM MoAudiKarlii 6a30Boro anroputMmy Q-routing mis gac
BUKOHAHHS TMPOIECY MapIIpyTH3allii 3 BUKOPUCTAHHSIM TPUHIUIIB HABYAHHS 3

M1IKPIJICHHSIM.

HaykoBa HOBHM3HA M0OJIAra€ B HACTYITHOMY:



1. 3anpornoHOBaHO MOJIMIIEHUH aaroput™ Q-routing, sikuii BpaxoBye

napameTpu 3aTPUMKH Ta CEPEIHbOTO Yacy BY3Ja;

2. TlinTBep/KEHO MI€BICTH 3alPOINIOHOBAHOTO AaJFOPUTMY, B IOPIBHSHHI 3
0a30BHUM, IUIIXOM IIPOBEACHHS HEOOX1AHOI KITBKOCTI €KCIIEPUMEHTIB Ha PI3HUX

TUITaX TOIMOJIOTT MEepexi.

IIpakTHyHa HiHHICTH 3aMPONOHOBAHKI METO/] MOJIMIIEHHS aIropuT™My Q-
routing, mae 3MOTy TiIBHIIUTH MPOIYCKHY 31aTHICTh MEPEXi, SHU3UTHU YacC JOCTABKH

MAKeTIB Mk By3JaMU 32 PaXyHOK MIJBUIIEHHS e()EKTUBHOCTI MapIIpyTH3AIIli.
Amnpo0auis podoTu.

OCHOBHI TIOJIOKEHHS 1 pe3yJIbTaTh POOOTH OyJIM MpeACTaBICHI Ta
oOroBoproBainch Ha Mi>kHapoIHIM HayKOBO-TIpakTU4HIi KoH(pepeHuis “Hayka,
OCBITa, TEXHOJIOTII 1 cycnuTbcTBO B XXI| CTOMITTI: HAYKOBI 1/1€1 Ta MEXaHI3MH
peanizamuii’ Ta |l MixkHapoiHiii HaykoBii koH(pepeHiii «HaykoBi BIIKpUTTS Ta

(dbyHaaMeHTaJIbHI HAYKOBI1 JIOCHII)KEHHA: CBITOBUI 10CB1» BiHHMII, YKpaiHa.

Crpykrypa Ta o0csar podoTu. Marictepcbka JucepTalis CKIAJAA€ThCs 3

BCTYITy, YOTHPHOX PO3/1IiB Ta BUCHOBKIB.

Y BCcTymi mojaHO 3arajbHy XapakTEPUCTHKY poOOTH, 3pOOJICHO OIHKY
PO3BUTKY JCLIEHTPATI30BAHUX MOOUIBHUX MEpeX, OOIPYHTOBAHO AaKTyaJIbHICTb

HaIpPSIMKY JOCIIIKEHb.

Y mepuioMy  po3niii - po3TISHYTO — Kiacudikaiiio — JIEeHTpaTi3aBOHUX

0€3IpOTOBUX MEPEX, OIMKMCAHO TMPOTOKOJIM MapIIpyTU3allii, ONucaHo O0a30BHIA

anroput™ Q-routing Ta moxijHi BiJl HBOTO aJTOPUTMH MapIIPyTH3AIlil.

Y npyromy po3fiiji 3anporOHOBAHO MOJIMIIEHUH alrOPpUTM MapuipyTusarii Q-

routing.



Y TperhboMy poO3AUTI ONHUCAHO IHTPYMEHTH JJIi CHUMYJIAIIl MPOTKOJIB

MapuIpyTH3alliX B JEHEHTPaI30BaHUX 0e3pOTOBUX Mepexax. OnucaHo ix nepparu Ta

HEJIOJIKH.

Y dYeTBepTOMY pO3AiNi HABEACHO CLEHApii MPOBEACHHS JOCTIIKEHb,

PO3pO0OJICHO TOMOJIOTII0 Mepex Jie BimOyBajocs nociipkeHHs. IlpeactaBiHo Ta

IIPOaHAT30BaHO Pe3y/IbTaTH MOIIIIEHOTo aaroputMy Q-routing.

Y BUCHOBKax IMpeCTaBJICH] pe3yibTaTh aHalli3y MPOBEAEHOI pOOOTH .

PoGora mpencraBnena Ha 76 apkymiax, MICTHUTh IIOCHJIAHHS Ha CITHCOK

BUKOPHUCTAHUX JIITEPATYPHUX JIKEPE.

KuarouoBi cioBa: anroputMu MapuHipyTH3allii, JEIeHTpaIi30BaHl Oe31pOTOBI

Mepexi, HaBYaHHS 3 MiAKpiruieHHsM, Q-routing.



ABSTRACT
Relevance of the topic

Decentralized wireless networks are developing very rapidly nowadays. The
routing protocols used in them have a great influence on the development of these

networks and why they are preferred.

Q-routing is a relevant and promising routing algorithm in the world of
decentralized mobile networks. The use of Q-learning models allows it to effectively
solve the problems of congestion in networks without a clear infrastructure and
connections between nodes. This algorithm can adapt to changes in the environment
and form optimal data transmission paths. Compared to standard routing algorithms,
Q-routing has the advantages of flexibility, speed, and learning ability, making it a

potential leader in this field.

The proposed improved routing algorithm significantly improves the

performance of the basic algorithm, which provides more advantages and opportunities.

The object of research is decentralized wireless networks and routing protocols

in them

The subject of research is to improve the routing algorithm of the Q-routing

family

Purpose: to increase the main parameters in decentralized wireless networks by
modifying the basic Q-routing algorithm during the routing process using the principles

of reinforcement learning.
The scientific novelty is as follows:

1. An improved Q-routing algorithm is proposed that takes into account the

parameters of delay and average node time;



2. The effectiveness of the proposed algorithm, in comparison with the basic one,
is confirmed by conducting the required number of experiments on different types of

network topology.

Practical value the proposed method of improving the Q-routing algorithm
allows to increase the network throughput, reduce the time of packet delivery between

nodes by increasing the efficiency of routing.
Approbation of dissertation results

The main provisions and results of the work were presented and discussed at the
International Scientific and Practical Conference "Science, Education, Technology and
Society in the XXI Century: Scientific Ideas and Mechanisms of Implementation” and
the 11 International Scientific Conference "Scientific Discoveries and Fundamental

Scientific Research: World Experience” in Vinnytsia, Ukraine.

Structure and scope of the work. The master's thesis consists of an

introduction, four chapters and conclusions.

The introduction provides a general description of the work, assesses the

development of decentralized mobile networks, and justifies the relevance of the

research area.

Section 1 considers the classification of decentralized wireless networks,
describes routing protocols, and describes the basic Q-routing algorithm and its

derivative routing algorithms.
Section 2 proposes an improved Q-routing algorithm.

Section 3 describes tools for simulating routing protocols in decentralized

wireless networks. Their advantages and disadvantages are described.



Section 4 presents the research scenarios and develops the topology of the

networks where the research was conducted. The results of the improved Q-routing

algorithm are presented and analyzed.

The conclusion presents the results of the analysis of the work carried out.

The work is presented on 76 pages and contains references to the list of used

literature sources.

Keywords: routing algorithms, decentralized wireless networks, reinforcement

learning, Q-routing.



