PED®EPAT

AKTyaJabHicTh Temu. Tpaguiiiini npotokoiau MapuipyTu3aiiii, 30kpema OSPF,
CIHUPAIOTHCS HA ANTOPUTM J{eMKCTpH i 0OMpaIOTh €MHHM ONITUMATBHHUN MapIIpyT, 110
BEJIe /10 HEPIBHOMIPHOTO PO3IMOALTY HAaBaHTAXXEHHS Ta 3HIKYE BIAMOBOCTIMKICTB
Mepexi. IcHyroul miaxomu g0 OararonuIsaxoBOi MapuipyTH3amii moTpeOyroTh
0araropa3oBOro 3amycKy ajiropuTMy IJsl KOXKHOI Mapu BY3JIIB OKPEMO, IO CYTTEBO
30UIbIIIy€e OOYMCIIIOBAJIbHI BUTpaTh. Po3poOka anroputMy, 3maTHOro ¢GopMyBaTH
MHOXXUHY aJbTEepHATUBHUX MAapIIPyTiB [JIsI BCi€T Mepexi 3a OAMH MPOXifd, €
aKTyaJbHOIO HAyKOBOIO 1 IPAKTUYHOIO 33/]a4€lo.

00'exTOM J0CHITKEHHA € TIPOIIEC MApIIPYyTU3allil B KOMITIOTEPHUX MEpEekKax
Ta MoOyA0Ba MHOKMHHUX MAPUIPYTIB y BHYTPIIIHBOMEPEKEBUX TPOTOKOIAX.

IIpenmeTom pocCaifKeHHs] € aJTOPUTMU OaraToOUUIAXOBOI MaplIpyTH3alii Ta
MeToau NOOY/IOBH aJbTEPHATUBHUX MapIIPYTIB, & TAKOXK OILIHKA iX €(EeKTUBHOCTI 32
MOKa3HUKaMU MIBUAKO/11, BAKOPUCTAHHS MaM'sIT1 Ta 4acy IOCTaBKU MAKETIB.

Meta po0oTu: npoaHaii3yBaTy ICHYIOU1 aJITOPUTMHU MapIIPyTU3AIliil Ta MiIX011
710 TOOYA0BH MHOKMHHHMX MapIIPYTIB; JOCIIIUTA OOMEXEHHS KIACUYHHUX AJITOPUTMIB
MONIYKY HAMKOPOTIIMX MNUISIXIB Yy 3ajadax 0araroluIIXOBOi MapIIpyTH3alli;
po3poouTn Momudikaiio ajaroputmy JleHkcTpu, Mo oJHOYacHO (POpMy€e OCHOBHE
JIEpPEeBO HAWKOPOTIIUX MAapIIpyTiB Ta JOAATKOBE JEPEBO aJBTEPHATUBHUX IUIAXIB;
OILIIHUTH e(eKTUBHICTh 3aMpONOHOBAHOTO 1 IXOy B KOHTEKCTI
BHYTPIIIHLOMEPEKEBUX MPOTOKOJIIB MAPLIPYTU3ALII].

HaykoBa HOBU3HA [10JIATa€ B HACTYITHOMY:

1. 3ampornoHoBaHo Moau(iKaIlio anroputMy JledKkeTpu, saKa 3a OuH Mpoxis Oymye
OCHOBHE Ta aJIkTepHATHBHE JIepEeBa MapIIPYTiB.

2. YAOCKOHAJNEHO MiAXia A0 0araronuisxoBOi MapmIpyTH3allli: MHOXHHA
MapuIpyTiB GOPMY€EThCS B MEKax YCl€i Mepexi 0e3 Oararopa3oBOro 3amycky
ITOPUTMY JJISI OKPEMHUX TIap BY3JiB.

3. BukoHaHO TOpPIBHAJBLHUN aHAJI3 3alMpPOMOHOBAHOTO TMIAXOMy Ta ICHYHOYHX
aJITOPUTMIB 3a TOKAa3HUKAMM UIBUIKO/Ii, BUKOPUCTAHHS MaM'sATi Ta dYacy

JIOCTaBKH ITAKETIB.



IIpakTuyHa wiHHicTb. 3anponoHoBaHa Monudikamisa anropurmy Jledkcrpu
dbopMye OCHOBHI Ta aJbTEpHATHBHI MapLIPYTH 3a OJUH MPOXiJ, IO 3a0e3reuye
PIBHOMIPHUI PO3MOILIT HAaBAaHTAXKEHHS Ta MiJBUIIY€E BIAMOBOCTIHKICTh O€3 3HAUHOTO
30UIBIICHHS OOUMCITIOBAIbHUX BUTPAT. Po3po0ieHuit miaxia Moxke OyTH 3aCTOCOBaHUM
y BHYTPIIIHBOMEPEKEBUX MPOTOKOJAX MAapIIPyTU3allii, NP MPOEKTYBaHHI Ta
ONTUMI3allli KOMI'TOTEPHUX MEPEeX, a TAKOXK y HaBYAIIbHOMY MpOIECl MPH BHUBUEHHI
aJTOPUTMIB MapIIpyTH3AIIii.

Anpobania po6oru. OCHOBHI MOJIOKEHHS 1 pe3yJIbTaTH POOOTH MPEACTABICHO
Ha Takux HaykoBHUX 3axonax: XVII HaykoBa koH(epeHIlis MaricTpaHTiB Ta aclipaHTIB
[IMK-2024, Kuis, 20-22 nuctonana 2024; XVIII BceykpaiHChbka HAyKOBO-IPAKTUYHA
web-koH(pepeHIlis acnipaHTIB, CTy[AEHTIB Ta Mojoaux BueHux, Kpusuii Pir, 25-27
oepesns 2025; The 8th International Conference on Computer Science, Engineering
and Education Applications (ICCSEEA2025), ounaiin-kondepeniisi, JIbBiB, 21-22
yepBHs 2025; XVIII HaykoBa koH(epeHiis marictpanTiB Ta acnipanTis [IMK-2025,
KwuiB, 19-21 aucronama 2025.

Crpykrypa Ta 00caAr podorum. MaricTtepcbka AMcepTalis CKJIaJaeTbes 31
BCTYIY, YOTUPHOX PO3/1IiB, BUCHOBKIB, IEPEIIIKY BUKOPUCTAHUX JKEPEIT Ta JOAATKIB.

VY 6cmyni 0OTpyHTOBAHO aKTyaJIbHICTh TEMH, CPOPMYIHLOBAHO METY, O0'€KT 1
NpeIMeT AOCHIIKEHHS, BU3HAYEHO HAyKOBY HOBHM3HY Ta NPAKTUYHY I[IHHICTb
pE3yabTAaTIB.

Y nepwomy pos3dini TPOBENECHO aHali3 MIAXOAIB JI0 MapuipyTusaiii B
KOMITIOTEPHUX MEpEeXKax: pPO3IISHYTO MOJAEII Ta METPUKH SKOCTI MapIIpyTiB,
Kkiacudikaiio 0araTonuITXOBUX METOJIB, QJITOPUTMIYHI MIAXOAW 10 TOOYI0BU
MHOXKMHHHMX MapIIPyTiB Ta IX OOMEKXEHHS.

Y opyeomy pozdini dhopmanizoBaHO 3amady MapHIpyTH3allii, 0OTpPyHTOBAaHO
HEOOXITHICTh MOIUPIKAIl KIACUYHUX aJITOPUTMIB, TMPEACTABICHO PO3pOo0IeHY
Moaudikaiio aiaroputMmy JleMkcTpu Ta MpoaHaNi30BaHO 1i  OOYHCITIOBAIBHY
CKJIAIHICTb.

Y mpemvomy po30ini onmucaHo JBa KOMIIOHEHTH PO3POOJIEHOTO MPOrPaMHOTO

KOMILJIEKCY: KOHCOJIbHHUM JOMATOK JJISi aJlTOPUTMIYHOTO TE€CTYBaHHS Ta HACTUILHUN



CUMYJIATOP MEpEeXi Ui MOJEIIOBaHHS IMPOIECIB MapIIpyTH3allii 3 Bi3yali3alli€lo
nepeaBaHHs MaKeTiB.

Y uemeepmomy po30ini HaBENEHO PE3yAbTaTH  EKCIIEPUMEHTAIBLHOTO
JOCIIHDKeHHS MOAM(]IKOBAHOTO aJTOPUTMY 3a TOKa3HUKaMHU IMOBHOTU IMOOYIOBU
JOJTATKOBOTO JIepeBa MapIIpyTiB, IMIBUAKOAII Ta BHUKOPUCTAHHS TaM'sTi, a TaKOX
BUKOHAHO TIOPIBHSHHS 3 ICHYIOUMMH QITOPUTMaMH Ta TPOBEICHO MOICITIOBAHHS
nepeadl MakeTiB y PI3HUX CIIEHAPisiX HaBaHTAKCHHS.

VY gucHoskax miacCyMOBaHO OCHOBHI Pe3ybTaTH POOOTH.

Pob6ora Buxnamena Ha 95 cropinkax, mictuth 40 pucyHkiB, 8 Tabmuib, 6
JIOJTaTKIB.

Kuro4oBi cjoBa: KOMMI'IOTEpHI Mepexi, MaplipyTu3ailis, OararonuisixoBa
MapuipyTusailis, ajiroput™m Jledkcrpu, Moaudikaiis ajaroputMmy, ajbTepHATHUBHI

MapIIpyTH, JEPEBO HAUKOPOTIIMX HUISIX1B, BHYTPIITHBOMEPEIKEBI MPOTOKOIIH.



ABSTRACT
Relevance of the topic. Traditional routing protocols, including OSPF, rely on
Dijkstra's algorithm and select a single optimal route, which leads to uneven load
distribution and reduces network fault tolerance. Existing multipath routing approaches
require running the algorithm repeatedly for each pair of nodes, which significantly
increases computational costs. Developing an algorithm capable of constructing a set
of alternative routes for the entire network in a single pass is therefore a relevant
scientific and practical problem.
Object of research is the routing process in computer networks and the construction
of multiple routes in intra-domain routing protocols.
Subject of research is multipath routing algorithms and methods for constructing
alternative routes, as well as the evaluation of their efficiency in terms of execution
speed, memory usage, and packet delivery time.
Objective of the work: to analyze existing routing algorithms and approaches to
constructing multiple routes; to investigate the limitations of classical shortest path
algorithms in multipath routing problems; to develop a modification of Dijkstra's
algorithm that simultaneously constructs a primary shortest path tree and an additional
alternative path tree; to evaluate the efficiency of the proposed approach in the context
of intra-domain routing protocols.
Scientific novelty:

1. A modification of Dijkstra's algorithm is proposed, which constructs both the
primary and alternative route trees in a single pass.

2. The multipath routing approach is improved: a set of routes is constructed across
the entire network without running the algorithm repeatedly for individual pairs
of nodes.

3. A comparative analysis of the proposed approach and existing algorithms is
performed in terms of execution speed, memory usage, and packet delivery time.

Practical value. The proposed modification of Dijkstra's algorithm constructs primary
and alternative routes in a single pass, ensuring balanced load distribution and

improved fault tolerance without a significant increase in computational costs. The



developed approach can be applied in intra-domain routing protocols, in the design and
optimization of computer networks, and in educational settings for studying routing
algorithms.

Approbation of the work. The main findings and results of the work were presented
at the following scientific events: XVII Scientific Conference of Master's and
Postgraduate Students PMK-2024, Kyiv, November 20-22, 2024; XVIII All-Ukrainian
Scientific and Practical Web Conference of Postgraduate Students, Students and Young
Scientists, Kryvyi Rih, March 25-27, 2025; The 8th International Conference on
Computer Science, Engineering and Education Applications (ICCSEEA2025), online
conference, Lviv, Ukraine, June 21-22, 2025; XVIII Scientific Conference of Master's
and Postgraduate Students PMK-2025, Kyiv, November 19-21, 2025.

Structure and scope of the work. The master's thesis consists of an introduction, four
chapters, conclusions, a list of references, and appendices.

The introduction substantiates the relevance of the topic, formulates the objective,
object and subject of research, and defines the scientific novelty and practical value of
the results.

The first chapter analyzes routing approaches in computer networks, covering route
quality models and metrics, classification of multipath methods, and algorithmic
approaches to constructing multiple routes along with their limitations.

The second chapter formalizes the routing problem, justifies the need to modify
classical algorithms, presents the developed modification of Dijkstra's algorithm, and
analyzes its computational complexity.

The third chapter describes two components of the developed software package: a
console application for algorithmic testing and a desktop network simulator for
modeling routing processes with packet transmission visualization.

The fourth chapter presents the results of experimental evaluation of the modified
algorithm in terms of additional route tree coverage, execution speed, and memory
usage, as well as a comparison with existing algorithms and packet transmission
simulations under various load scenarios.

The conclusions summarize the main results of the work.



The work is presented on 95 pages and contains 40 figures, 8 tables, 6 appendices.
Keywords: computer networks, routing, multipath routing, Dijkstra's algorithm,
algorithm modification, alternative routes, shortest path tree, intra-domain routing

protocols.



