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CIHOCIB OPTAHIBAIIII BATATOLLJISIXOBOI MAPIIPY TU3 AL
3 BUKOPUCTAHHSM YACTKOBO-IIEPECIYHUX ILJISIXIB

A METHOD FOR ORGANIZING MULTIPATH
ROUTING USING PARTIALLY-OVERLAPPING PATHS

B po6Goti 3amnpornoHoBaHO MOIU(IKOBAHUN XBHJIBOBUI aJIrOPUTM IOIIYKY
IUISIX1B, KOTPUH JI03BOJISIE TIOKPAIIMTH MPOMYCKHY 37aTHICTh Ta 3a0€3MeUYuTH OUTbII
onTUMalibHEe OallaHCYBaHHS HABAaHTAXKEHHS MeEpeki. B OCHOBI JaHOTO aliroputMy
JICKUTH MOITYK Ta BUKOPUCTAHHS YaCTKO-TIEPECIYHIX MapIIPYTiB Mepeaadl JaHuX.

KuarouoBi ciaoBa: OararomisixoBa MapIIpyTH3allis, XBHIbOBUN allTOPUTM,
YaCTKOBO-TIEPECIuHI MapIIpyTH

In this work we propose a modified wave algorithm for finding paths, which
can improve the bandwidth and provide a more optimal load balancing of network.
The basis of this algorithm is the search and use of partially overlapping routes.

Key words: multipath routing, wave algorithm, partially-overlapping path

AKTyaJIbHICTh TeMH JocCJHiI:keHHs. PosmupeHHs cdepu BUKOPUCTAHHA
KOMIT FOTEPHUX MEpEeX Ta IIiJBHIINCHHS 1X HABAaHTa)KEHOCTI BHMAarae OLIbII BHCOKI
BUMOTH JI0 SIKOCTI OOCIYrOBYBaHHS Ta BHKOPHUCTAHHIO JIOCTYIIHUX pecypciB. [laHa
poOoTa mpucBsiueHa crocoly oprasizallii 6araTonuriTIxoBoi MapIIpyTU3allii, IK OTHOMY
13 c1oco0iB MOKpAIIEHHsS] pOOOTH MEPEXKI.

IlocranoBka mpoOaemu. [lokpaimieHHs ICHYIOUMX METOMIB 0araToIuITXOBOl
MapIIpyTH3aIlii 32 JOMOMOTOK BUKOPHCTAHHS YaCTKOBO-TIEPECIYHNX MapIIPYTiB Tepenadi
JIaHUX.

AHaJi3 octa”Hix aociigxkenb i myOjikauniil. CydacHi criocobu (opMyBaHHS
MHOKMHU TUISAXIB Tepeiavi JaHUX OCHOBaHI Ha alropUTMax TONIYKy y DIHOHHY,
MOIIYKYy Yy INUPUHY a00 KOMOIHATOPHUX METO/ax. bBiNbIICTh TakuX ajaropuTMIB
MapmpyTuzariii [1, 2] po3po0OieHi s MoITyKy HelepeCciuHuX MapIIpyTiB, KOTPl B CBOIO
Yyepry He MOXKYTh MOBHICTIO BUKOPHUCTOBYBAaTH BCl pecypcu Mepexi. Tak y po6oTi [3]
PO3IISTHYTO XBWJILOBHH JITOPUTM MapIIpyTH3allii, KOTPUN aJaNTOBAaHHWHA IIiJ MOITYK
MHOXUHH HETEePeCIYHUX MapmipyTiB. Y poOoTi [4] Takok pO3MIAHYTO MOAMQIKaIiIo
METO/Ty TUJIOK Ta MEX aJJallTOBAHOTO ITiJT 0araToNUIIXOBY MapIIpy TH3AIIIO.

BuginieHHs1 HeZOCiIKEeHUX YACTHH 3arajbHoi mpooOaemu. Jlana crarts
MpUCBAYEHA CIOCO0y opradizamii 0araTONIISAXOBOI MapIIpyTH3allli 3a JOTOMOTOI0
BUKOPUCTAHHS YacTKOBO-TIEPECIYHMX MapHIpyTiB. JlocmipkeHHS cQOKycoBaHO Ha
aIrOpUTM1 MapIIpyTH3amii KOTpUd Moxke chopMyBaTH camMe YacTKOBO-IEpPECiuHi
MapIIpyTH.

IMocTanoBKka 3aBaaHHs. 3aBIaHHSIM € PO3POOUTH AITOPUTM MapIIPyTHU3AIlii,
KOTpuid Oy/e 3HAaXOIUTH MHOXHHY YacCTKOBO-TIEPECIYHMX MUISIXIB Tepenadi JTaHuX
BCEpEIMHI Mepexi 1 Oy/ie ONTUMAaIbHUM TI0 YaCOBIN CKJIAIHOCTI.

BukaageHHs1 0CHOBHOTO MaTepiaixy. 3HaXO/KECHHsI BCIX YaCTKOBO-TIEPECIUHUX
MapmipyTiB y Tpadi HE € ONTHMaIbHUM BapiaHTOM, XOua 1 MOXKJIMBE, TakK SIK IIC
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(akTUYHO TOLIYK aOCOMIOTHO YCIX MOXIIMBHUX HUIAXIB MDK JBOMa By3ilamu. B
3arajioM, Take pIIMIeHHsS MOXJIMBO 3aCTOCYBaTH, JHIIE Yy CIpo0l MaKCUMAalbHO
po3noainuTH Ta 30anmaHcyBatd Tpadik BcepeauHi Mepexi. OpHak 1e CIpPUYUHUTD
Jy’Ke BEJHMKI 3aTpaTH Ha OOpaxyBaHHS LUIAXIB, 3aTPUMKY Iepeadl JaHuX Ta JesKi
a1 kpuTepii QoS.

{06 oOpatu OiIbI ONTUMAIBHI MAPIIPYTH Ta 3MEHIIUTH YaCOBY CKJIAIHICTh iX
3HAaXO/UKEHHS B JIaHIN poOOTI MpeAcTaBieHO MOAU(IKAIII0 XBUIHOBOIO AlTOPUTMY.
OcCoONMUBICTIO JTAaHOTO PIIIEHHS € MOXJIMBICTH C(OPMYBaTH MHOXXUHY YAaCTKOBO-
NepeciyHNX MapUIPyTiB 3 OOMEKEHHAM MAaKCUMAJIbHOT TOBKUHH MUISAXY.

[Tomryk 4acTKOBO-IIEPECIUHUX MapILIPYTiB Ha OCHOBI KJIACHUYHOT'O XBUJIHOBOI'O
QITOpUTMy Mae Jekuibka (yHaamentanbHux npobiem. [lo-mepmie — B mporeci
MOIIYKY, BEJIMKA KUJIbKICTh MapLIPyTiB B pe3yibTari yTBOpUTh LUKIH. Lle cipuunneHo
THUM, IO JJIs1 3HAXOPKEHHs IIUTSIXIB 3 IEpeTHHAMM HEOOX1/IHE TIOBTOPHE BUKOPUCTAHHS
MIEBHUX BY3JIIB Ta JIHIN 3B’ A3KY.

Jlyist BUpiteHHs] JaHOoi MpoOJaeMu B PO3pOOICHOMY alrOPUTMI MiCIsl MEePIIOTo
BUKOPUCTAHHS JHIT 3B’ 513Ky Bij BepIIUHU A 10 BepiiuHU B, BinOyBaeThCcsl BUIATICHHS
3BOPOTHOTO 3B’s13Ky B — A.

Taxox BinOyBaeThcs BUAANEHHS 3B’SI3KIB MIXK CYMDKHUMU BYy3JIaMH BCEpEIIMHI
oanoi xBuJii. 11lo Takoxk 103BOJIsIE ONTUMI3YBaTH POOOTY aITOPUTMY.

Jlsis 3MEHIIeHHs 3arajbHOi 3aTPUMKHU Iepefayl JaHUX B aJlTOPUTM 3aKJIAZICHO
MEXaHi3M aBTOMAaTMYHOIO BIJICIYEHHS QyXe JTOBI'MX HUIAXiB. MakcuMaiabHa JAOBXHHA
MapuIpyTy, KOTpUIl MOXKe 3HANTH aJrOpUTM BUPaXOBY€ETHCS 32 (HOPMYIIOIO:

Smax = Smin + K, ()
ne: Spax — MAaKCUMajlbHa JOBXHUHA LUISIXY, Spi, — JOBKHHA HAHKOPOTILIOTo HUIsxy, K —
Koe(IIIEHT TOJOBKEHHS MIHIMAJIBHOTO IIJISAXY.

dopmyna ju1s 3HaxokeHH K:

K =1Smn/2 + 1] (2)

[Tpu Buxopuctanui ¢opmyn (1) Ta (2) HaWIOBIIMK IIIAX MOXE OyTH JIUIIE Y
MiBTOpa Pa3u JOBLIUM 332 HAWKOPOTIIUH.

Peamizaris  maHoro mexaHi3My OOMEKEHHsI OKpIM 3MEHIIEHHS 3aTPUMKH
nepenayl 1aHuX J03BOJISIE€ aNTOPUTMY 3MEHIIUTU Yac Moro BUKoHaHHS. lle BuKIMKaHO
TUM, [0 Ha KOXXHOMY KpOIll aJITOPUTM 3aram STOBY€ KUIBKICTh BEpIIUH, KOTpi
HaJIe)KaTh KOXKHOMY HUISAXY. B pesynbrari micisi 3HaXOKEHHS HAMKOPOTILIOTO IUISXY,
JaHl PO HOro JOBKHUHY BHOCATHCSA JO TIOOATBbHOI 3MIHHOI 1 TICIS JOCATHECHHS
IHIIMMHM  [IUISIXaMHd 3HAYE€HHS MaKCHUMaJbHOI JOBXKMHHU 3amaHoro ¢dopmymnow (1),
QJITOPUTM TPOCTO BIAKUAAE iX 1 3yMHUHSIE CBOIO pOOOTY.
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Puc. 1. brok-cxema po3po0JICHOTO aJITOPUTMY
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ExcnepumenTu. /[ npoBeneHHs! eKCIIEPUMEHTIB OyJI0 po3pO0JIEeHO MOJEIIo-
104y Mporpamy KOTpa IOpPIBHIOE KUIBKICTh €JIEMEHTapHUX Olepaiiid, BUKOHAHUX
PO3po0JIEHUM aJITOPUTMOM y TOPIBHAHHI 3 ajaroputmom JlifikcTpu, MoaudikoBaHUM
M7 TOIIYK YacTKOBO-TiepeciyHuX NUIsaxiB. s mopiBHsHHS Oyno BukoHano 100
3allyCKiB aJlTOPUTMY Ha BHUIAJKOBO 3reHEpOBaHUX Tpadax 3agaHoi posmipHocti. Ha
puc. 6 300paxeHo pe3yabTaTh POOOTH.
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Puc. 2. 3anexxHiCTh KUIBKOCTI BUKOHAHUX OIepalliil BiJi pO3MIpHOCTI MEepexi

BucnoBok. IlpencraBieHuii y poOOTI aJropuTM XapaKTE€PH3YEThCS MEHIIOH
YaCOBOIO CKJIAJHICTIO Y MOPIBHSHHI 3 KJIACUYHUM aJITOPUTMOM, KOTPHH BHKOPHCTOBY-
€ThCS Yy CY4YaCHHUX MepekaX. BUKOpUCTaHHS pPO3pOOJECHOrO aJrOPUTMY JIO3BOJIHTH
3HaYHO TIOKPAIIUTH BUKOPUCTAHHS JOCTYIIHHUX PECYPCIB MEpeki IpH 30epeKeHHI
IIBUIKOCTI 1i poOOTH.
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O. Kaliuzhnyi, Y. Kulakov, M. Dibrova

A METHOD FOR ORGANIZING MULTIPATH
ROUTING USING PARTIALLY-OVERLAPPING PATHS

Relevance of research topic. Expanding the scope of computer networks and
increasing their load requires higher requirements for the quality of service and the
using of available resources. This work is devoted to the method of organization of
multipath routing as one of the ways to improve network performance.

Target setting. Improving existing multipath routing methods using partially-
overlapping data paths.

Actual scientific researches and issues analysis. Modern methods of
generating a set of paths are based on algorithms like search in depth, search in width,
or combinatorial methods. Most such routing algorithms are designed to find non-
overlapping routes, which in turn can not fully utilize all network resources.

Uninvestigated parts of general matters defining. This article is devoted to
the method of organization of multipath routing using partial-overlapping routes. The
research focuses on the routing algorithm, which can find partial-overlapping routes.

The research objective. The task is to develop a routing algorithm that will
find a plurality of partially-overlapping paths in the network and will be optimal in
time complexity.

The statement of basic materials. An analysis of existing multipath routing
algorithms has been carried out. A modification of the wave algorithm is described, for
the possibility of finding partial-overlapping paths. A block diagram of the developed
algorithm is presented.

Conclusions. The algorithm presented in the work is characterized by less
temporal complexity in comparison with the classical algorithm used in modern
networks. Using the developed algorithm will significantly improve the use of
available network resources while maintaining the speed of its work.

Key words: multipath routing, wave algorithm, partially-overlapping paths



