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MogenupoEaHWe pacnpefensHWA KAHANOE B NONYNPO3pa4HbIX ONTH4YECKUX CETAX
Modeling channel allocation in translucent optical networks

B cTaThe paccMaTpuBaETCR 3afada pacnpefeneHla onNTUHECKMX KaHaNoE B NONYyNpo3apadvHbX onTUHYECKUX CETAX, B
KOTOPbIX YACTb CEETOBLIX MYTEA MOMET HOPMMPOBATECA DE3 NPOMEXYTOMHON PEMEHEPALMM, 8 YACTE C UCMOMNbIOBAHUEM
OEOQ/3R-pereHepauii W NEPECTPONKA YaCcTOT B OTAENBHEIX y3nax,

ObocHoBaHa HeoBXoOWMOCTE COBMECTHOO y4eTa TONONOTMKM CETH, CNEKTPankHoOro pecypca, Ka4ecTBa ONTUHECKon
nepefaqyu, NapaMeTpoB ONTUYECKOND CUIHaNa M TeXHUYECKOR 3a0epHkn Npy (hopMUPOBEHWA OONYCTUMBX CEETOBBIX
nyTei. MNpeanoxeHa maTeMaTWYeckan Modenb, B KOTOPOW WCXOOHasA ceTb npedcTaenaeTcs rpadom ¢ 3a0aHHBIMK
NWHEAHBIMK M YANOBLIMK NapamMeTpaMi, MHOXECTEOM KOPPECNOHAMPYIOWMX Nap Yanoe U TpeGoBaHUAMM K CyMMapHORA
CKOPOCTW NepefaY 1 3agepxke. B Mogenu nocneqoBaTensHo opMHMPYETCA MHOMECTBO TONONOTMYECKW AONYCTUMBIX
MapLUpPYTOR, MAPLIPYTOR, AONYCTUMEIX No OSNR, MaplwpyToB co cNekTpansHoW AOCTYNHOCTELIC U UTOrOBOE MHOMECTED
OOnycTMMBIX CBETOBLIX NyTei. [ns mapwpyToe Gea pereHepauvW NpOBEpKa KavecTBa Nepegaqy M cnekTpanbHoM
HENPepbIBHOCTH BLINOMHAETCA CKBO3HBIM ODpasom, a OnA cocTaBHbIX MApPLWPYTOE — NO OTASNbHBIM CEMMEHTaM.
YnpasnsemsimMi NnapameTpamu SBNAKTCA GUHapHLe NepeMerHele Boifopa ceeToBkIX NyTel, ofecneuneaolmx BeINon-
HeHve TpeGoBaHWiA No CHOPOCTH W HEOONYLLEHWE KOHDNWKTHOTO WCNONL30BAHWA 3MNEMEHTAPHBIX YaCcTOTHLIX MHTEpBa-
noe.

Peay'ﬂhTaTbl BbIYWCIHMTENEHOMD W UMWTAUWOHHOMD MOOeNWPOBAHWA NOKa3LIBAKT, YTO MCNONB3I0BAHWE pEreHepayu
NOBLILAET BEPOATHOCTL hopMMpoBaHua Tpebyemoro Habopa oNTWYECKWX KAHANOE, HO CONPOBOMOAETCA YEENWYEHHEM
TEXHWYECKDN 3agepsv. Mogens No3BoNAET KONMYECTEEHHO OUEHMBATE OaHHBIA KOMMNPOMKWCE M 0BOCHOBLIBaTE PaLWo-
HaNbHOE pa3MELLEHUE Y3MOB PereHepaLum.

The article considers the problem of allocating optical channels in translucent optical networks, where some light-
paths may be established without intermediate regeneration, while others may be formed using OEO/3R regeneration
and frequency retuning at sefected nodes.

The need for the joint consideration of network topology, spectral resources, optical transmission quality, optical sig-
nal parameters, and technical delay when forming feasible lightpaths is substantiated. A mathematical model is pro-
posed in which the initial network is represented as a graph with specified link and node parameters, a set of commu-
nicating node pairs, and requirements for aggregate transmission rate and delay. The model sequentially forms sets of
topologically feasible routes, OSNR-feasible routes, routes with spectral availability, and the final set of feasible light-
paths. For routes without regeneration, fransmission quality and spectral continuity are checked end-to-end, whereas
for composite routes they are checked separately for each segment. The control variables are binary variables for select-
ing lightpaths that satisfy the transmission-rate requirements and prevent conflicting use of elementary frequency slots.

The results of computational and simulation modeling show that regeneration increases the probability of forming the
required set of optical channels but is accompanied by an increase in technical delay. The model makes it possible to
guantitatively assess this trade-off and justify the rational placement of regeneration nodes.

KnioueBble cnoBa: NonynpospayHan ONTWMECKEA CETh, CBETOBOW NYTh, CMEKTPArbHBIA PECYpPC, TEXHWYECKAR
3afepHKa.
Keywords: translucent optical nefwork, lightpath, spectral resource, technical delay.

Beepenue HOTO KOHTYpa ynpaBneHus. K Takum  YEcKMMM KOMNNEKCaMW, TEnemeamum-
NPUMNOMEHWAM OTHOCATCA MHTEPHET Ha M NPOMBILINEHHAA aBTOMATW3ALMA.

PazsuTve coBpeMeHHbIX cHCTEM W Belen, kvbepduivyeckre CHCTEMBI,

CceTeld CBA3W CBA3AHO C NepexodoM K MHAYCTpWanbHeld WHTEpHEeT, UMMep-

NPUNOKEHWAM, B KOTOPLIX CETh BLICTY- CMBHBIE CEPBWCHI, TAKTUMBHBIA WH- Cratero uennwom umTaiire

naer He TONbKO cpenoil obMmeHa AaH- TepHeT, MHTEPHET HaBbIKOB, AWCTaH- B GYMaMHOR Bepcud MypHana

HEIMK, HO W INEMEHTOM pacnpefenen- LUMOHHOe ynpaBneHue poBoToTexHu-
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MOJETHPOBAHHE PACNTPEJENEHHWSA KAHAJIOB B MOAYTIIPO3PAYHBIX ONMTHYECKHX CETHAX
MODELING CHANNEL ALLOCATION IN TRANSLUCENT OPTICAL NETWORKS
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B craree paccMaTpHBASTCA 330343 PACTPeJencHHA ONTHHECKHX KAHAMOE B MOAYNPOIPAYHLIN ONTHYSCKHX CETAX, B KOTOPLIX
HACTH CBETORKX MYTeH MoMeT GOPMUPOBATHEA Ge3 NPOMERYTOMHON PEreHepauMH, a 4acTk ¢ Henoassosannem OEO/3R-perenepanmn o
NEPECTPOIKH HACTOT B OTACALHBIX Y3nax,

OfocHoBaHa HeoGX0AHMOCTE COBMECTHOTD YMETA TOTIOAOTHH CETH, CIEKTPAMLHOTD PECYPCA, KAMECTBA ONTHYECKOH mepeavy,
NapaMeTpoB ONTHYECKOTO CHTHAMA M TEXHHYeCKOH 3ajepwyn npH GOpMHPOBAHMH JONYCTHMEIX CBETOBRIX nyTeil. [lpeanowmena
MaTEMATHYECKAA MOACNE, B Hmpoﬁ HCXOAHAA CETh NPLACTABARCTCA rpacl:om € 331AHHLIMH AHHCHHBIMH M Y3AOBEIMH NAPaMETPAMH,
MHOMECTBOM KOPPECTIOHAMPYIOIWMX Nap Yanok W TpeGOBAHHAMM K CYMMAPHOI CKOPOCTH nepenasv W saaepske, B mogenw
NoCAeA0BATENBHO POPMHPYIOTCA MHOMKECTED TOMOADTHYECKH JONYCTHMEIX MAPWPYTOE, MapupyTos, onycrimex no OSNR, mapuwpyros
€O CHIEKTPANLHON JOCTYTTHOCTEI M MTOTOROE MHOMECTBO JONYCTHMBIX CRETOBRIX myTei. Jna mapupyTtos Ge3 pereHepauuy nponepra
Ka4qeCTha nepejiaid | CACKTPANBHOH HENPEPRIBHOCTH BRINOAHACTCH CHBOIHEIM 06[}&3’0?&, d ANA COCTABHBX MapIIpYyTOR NO OTACABHEIM
cerMenTaM. YNpasifeMeiMi NapaMeTpaMy ABAMIOTCR GHHAPHBIE MepeMeHHBIE BRIGOpPA CRETOBRIX MyTeill, ofecneunBaIIHX BRNOAHEHHE
TpeBoBaHHil N0 CHOPOCTH H HEAOMYIEHHE KOHPAHKTHOTO HCMOAB30BAHMA JEMEHTAPHEIX YACTOTHLX HHTEPBAJIOE,

PeaynsTaTsl BEMHCAHTENLHOTO M HMHTAUHOHHOTO MOJETHPOBAHHA NMOKAZLIBAIOT, YTO HCNOALIOEAHHE PErEHEPALHH NOBMILAET
BEPOATHOCTE OPMHPOBAHMA TPEOYEMOro HABOPa ONTHHECKHX KAHANOB, HO CONMPOBOMAACTCA YRCAHYCHHEM TEXHHUCCHON 3a/CPHKH,
Moaens no3sonser KOAHYECTBEHHO OUEHHBATE JAHHBIH KOMNPOMHCC H 000CHOBHIBATE PALMOHANBHOE PAIMELIEHHE Y3N0E PETEHEPALMH,

The article considers the problem of allocating optical channels in translucent optical networks, where some lightpaths may be
established without intermediate regeneration, while others may be formed using OEQ/3R regeneration and frequency retuning at selected
nodes,

The need for the joint consideration of network topology, spectral resources, optical transmission quality, optical signal parameters,
and technical delay when forming feasible lightpaths is substantioted. A mathematical model is proposed in which the initial network is
represented as a graph with specified link and node parameters, a set of communicating node pairs, and requirements for aggregate
transmission rate and delay. The model sequentially forms sets of topologically feasible routes, OSNR-feasible routes, routes with spectral
avaifability, and the final set of feasible lightpaths. For routes without regeneration, transmission quality and spectral continuity are checked
end-to-end, whereas for composite routes they are checked separately for each segment. The control variables are binary variables for
selecting lightpaths that satisfy the transmission-rate requirements and prevent conflicting use of elementary frequency slots.

The results of computational and simulation modeling show that regeneration increases the probability of forming the required set
of optical channels but is accompanied by an increase in technical delay. The model makes it possible to quantitatively assess this trade-off
and justify the rational placement of regeneration nodes,

Katwsessie ciosa: NOYNpo3pavHan ONTHYECKAR CeTh, CRETORON NYTH, anHTpﬂ-.ﬂhthﬁ PECYPC, TEXHHYCCKAR 3a/ICPKa,
Keywords: translucent optical network, lightpath, spectral resource, technical delay.
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