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MocTaHoBKa 3agayn MMHUMU3ALUM 3aAEPXKKN B TPAHCNOPTHOW CeTU CBA3MU
Problem Statement for Minimizing Delay in a Transport Communication Network

B cTtaTbe npeactaBneHa noctaHoBKa 3agayuv MUHUMU3aLUMM CKBO3HOWM 3a4epXKK1 nepefayn KpUTUYHBIX K 3aepXKkam
OaHHbIX B MHTErPYPOBAHHON TPAHCNOPTHON CETU CBA3U NPU BHEOPEHUU ONTUYECKOW MapLLpyTU3auuu.

[MokasaHo, YTO B MHOTOYPOBHEBOW apXMTEKType 3HaYnTerbHas YacTb 3aepXXKn hOpMUPYETCS 3a CHET odepenen u
06paboTkM Ha NPOMEXYTOYHBIX Y3nax MNakeTHOM M OMTMYECKOW TPaHCMOPTHOM 06paboTku, YTO CHUXKAET CBOEBPEMEH-
HOCTb JOCTaBKU aHHbIX NMPU POCTE HarpysKku.

MpeanoxeH nogxon, OCHOBAaHHbLIN Ha (POPMUPOBAHUN COCTABHbLIX CBETOBbLIX MyTEN C ONTUYECKUM TpaH3uTom 6e3
NPOMEXYTOYHbIX ONTUKO-3NEKTPOHHO-OMNTMUYECKNX NpeobpasoBaHnii 1 nepeHoce YacTun yHKUui Beibopa nyTu Ha dusm-
Yeckun ypoeHb. CchopmynupoBaHa MHOrOKpuTepuarnbHas 3agada Bolbopa KoOHUrypauum cetu, y4nTbiBatoLLasa noka-
3aTenu kavectBa obCNyXUBaHWA U KayecTBa nepegayun, a Takke pecypcHble OrpaHWYeHUs Mo CNEKTPY M TOMOMOruN.
[MaBHbIN KPUTEPUA — MUHUMMN3ALUS CKBO3HOW 3a4EePXKKMN NPU OrpaHnYeHmsax Ha TpebyemMyto NponyckHy CrocoBHOCTb,
OOMyCTUMbIN YPOBEHb KayecTBa ONTUYECKON nepeaady U AOCTYNHbIN CNEKTPanbHbIN pecypc.

This paper formulates the problem of minimizing end-to-end delay for latency-critical data transmission in an inte-
grated transport communication network through the introduction of optical routing.

It is shown that, in a multilayer architecture, a substantial portion of delay is caused by queuing and processing at
intermediate nodes of packet and optical transport layers, which reduces delivery timeliness as the load increases.

An approach is proposed based on establishing composite lightpaths with all-optical transit, avoiding intermediate
optical-electrical-optical conversions, and shifting part of path selection functions to the physical layer. A multi-criteria
network configuration selection problem is formulated that accounts for service quality and transmission quality metrics,
as well as spectrum and topology resource constraints. The primary objective is to minimize end-to-end delay under

constraints on required throughput, acceptable optical transmission quality, and available spectrum resources.

KnroueBble cnoBa: MHTEerpnpoBaHHasa TpaHCNOpPTHaA CeTb CBA3U, ONTUYEeCKaa MapLUpyTu3auuna, CKBO3Haa 3agdepx-
Ka, CBETOBOW MyTb, Ka4eCTBO 06CJ'Iy)KI/IBaHVIﬂ, Ka4yeCTBO nepenayun, onTUKo-arieKTpoHHO-0MNTUYEeCKoe npe06pasoBaHme,

CreKTpanbHbIA pecypc.
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Beegenue

CoBpeMEHHbIE  BOOPY>XEHHbIE  KOH-
NUKTBI  XapakTepuayoTca rnyookon
TpaHcdopMaumern cnocoboB BedeHUst
0oeBbIX [encTBUN, 06yCcnoBNeHHON
nepexonoMm K CETELLEHTPUYECKUM MPUH-
uunam ynpaereHust U LUMPOKUM BHeL-
PEHNEM TEXHOITOMMIA HOBOIO MOKONEHUS
— WCKYCCTBEHHOIO WHTEennekra, pobo-
TOTEXHWYECKNX KOMIMSIEKCOB N aBTOMa-
TM3NPOBAHHbIX CUCTEM OOMeEHa AaHHbI-
MK cneumanbHoro Ha3HayYeHus.
O PEKTNBHOCTL 3TUX CUCTEM B 3HAUU-
TEMNbLHOW CTENeHu onpeaensercs BO3-
MOXHOCTAMW  TENEKOMMYHMKALIMOHHON
WMHGPACTPYKTYpbl, OT KOTOpoW Tpely-
€TCA He TOSMbKO BbICOKasA MPOMyCcKHas
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crnocobHOCTb, HO U MpefensHO Manasi
CKBO3Has 3aJepxka Npv nepegave Kpu-
TUYECKM BaKHBLIX AAHHbIX B peanbHOM
BPEMEHM.

Hanbonee nokasaTenbHOM TeHOEH-
Luen nocnegHux neT crano MaccoBoe
BHeOpeHne GecnunoTHbIX U poboTo-
TEXHWYECKUX CUCTEM — Ha3EeMHbIX,
BO3A4YLUHbIX U MoOpckux. Ecnn paHee
OHW paccMaTtpuBanucb npenmylle-
CTBEHHO Kak BcrnomoraTeribHble cpeg-
cTBa pasBedknm u HabnwogeHus, TO
CcerogHsa npeBpalLalTcd B OAMH U3
OCHOBHbIX MHCTPYMEHTOB JOCTUXKEHUS
npesocxoAcTtBa Ha none 6osa. Ux
apdekTuBHOE  PYHKUMOHUPOBaHME
HEBO3MOXHO 0e3 yCTOM4YMBbLIX KaHa-

NoB CBA3W W MOCTOSAHHOrO ObGMeHa
WHpopMaumen c nyHKTamu yrnpasne-
HWSA, CpeAcTBamMu pasBedku 1 nopaxe-
HWS1, TO eCTb 6e3 BKNOYEHUS B eNHYH0
TeNnekoOMMYHMKaLUUOHHYO cpegy. Ta-
kKum obpasom, Bce OecnunoTHble
CMUCTEMbl AOMKHbI PYHKLUMOHUPOBATL
B CBfI3KE C CETbIO Nnepegayn AaHHbIX,
YTO BbIABUraeT MOBbILEHHbIE Tpebo-
BaHWS K ee NMpOomnyCKHOW CNOCOBHOCTH,
3agep>xKkam 1 HagexXHOCTH.

Mpu aTom AencTBylOWas TpaHC-
noptHas WHMpPacTpyKTypa CBSA3M
n3HavanbHO He NpoeKTMpoBanach nog
CTOMb BbICOKYO MMOTHOCTb Tpadumka n
AVHaMWUKY yrnpaBneHus.
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