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MIABUIIEHHA IKOCTI HAJAHHS TOCJYT
Y MYJbTUCEPBICHUX MEPEKAX HIJISIXOM ITHTEI'PALIIL
TEXHOJIOI'IA |IPIMPLSTA DWDM
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3anpononoBano apxitektypy IP over OTN over DWDM wmepexi ans nosginumeHHst
SIKOCTi HA/IAaHHS MOCJYT IIJISAX0M iHTerpanii Texnosorii MPLS ta DWDM. Po3po6ieno meron
kaacudikanii Tpadiky Ta BAOCKOHATEHO MOJeJb KpPaWoBOro MapuIpyTH3aTopa, MKW
3a0e3nevye epeKTHUBHILIEe BUKOPMCTAHHSA ONITUYHUX pecypciB i anantyerbes nmix Budyxosuii IP
Tpadik. Ha ocHOBI 3amponoHOBaHOr0 AJropuTMy arperauii BXiiHoro tpadiky modyroBaHo
iMiTaniliny Moaenb, pe3yjbTaTH AIKOI MOKAa3aau, 0 e(eKTUBHICTH BUKOPHCTAHHS pecypciB
MepeKeBOoro By3Ja 3oiibmmniaacs Ha 25%.

Kuirouosi ciioBa: IPIMPLS, OTN, QOS, arperauisi, Kjiac 06¢c;1yroByBaHHsI.
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IMPROVING THE QUALITY OF SERVICE
INMULTISERVICE NETWORKSBY INTEGRATING
TECHNOLOGIESIP/ MPLSAND DWDM

© Srykhalyuk B.M., Huskov P.O., Andrushchak V.S, Murak V.Ye, Redchuk SM., 2015

IP traffic is growing and seting new tasks for improving the quality of telecommunications
services. To resolve this problem in this paper has been proposed IP over OTN over DWDM
network architecture, which peculiarity is OTN level that separates the logical and physical
topology in IP / MPLS and DWDM networks with MPLS control plane. In the proposed
architecture | P/ MPL Srouters has been connected to multyservice optical transport platforms.

In this paper has been defined three basic classes of traffic that will simplify the process
of analysis and incoming flows. The first class is real-time traffic. It can be divided into two
types: signaling — its required for access and interoper ability transmitted through the signal
wavelength — and real-time traffic (broadcast and video). T he second class is streaming traffic.
Heis not very responsive to delays, but isresponsiveto jitter and loss. Thethird classis eastic
traffic, which bandwidth changes has no effect on quality of service. Elastic traffic belongs to
class of traffic that is responsive to losses, inresponsive to delay and noresponsive to jitter. For
example, its the email traffic, datatransfer, web-based applications.

Based on the three-levd architecture IP/ MPLS over OTN over DWDM, and methods for
classification of traffic has been improved pattern edge router that provides a mor e efficient use of
optical resources and adapts to explosive |P traffic. Based on the proposed algorithm incoming
traffic aggregation wer e built smulation modd that allowsto estimate its effectiveness.

The simulation results showed that the efficiency of use network node resources has
increased by 25 %, which leads to lower workload of har dwar e resour ces.

Key words: IPPIMPLS, OTN, Q0S, aggregation, class of service.

Beryn
CroroziHi crniocrepiraerbesi TeHAeHIis 10 3poctanHHs [P tpadiky. Lle craButh mepen omeparopom
3aBJaHHS MIJABHIIUTH SKICTh HAJaHHS TEICKOMYHIKAIIMHUX mocayr. Jist BupineHHs i€l mpoOiieMu, a
caMme TiepelaBaHHS BEIMKOro OOCATY JaHHWX, B ONTHYHUX MEPEKax BHUKOPHCTOBYIOTH TEXHOJOTIIO 3i
CIIeKTpalibHUM yiiibHeHHsM KanasiB (WDM) Ha ocHosi apxitektypu |P over DWDM.
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VY nBopiBHeBiit apxitektypi IP over DWDM wmapmpyruzatopu 06e3nocepennbo 3’ €aHaHI 3
ontnyarumMu WDM cucremamu, siki 3a0e3MeUyrOTh ONTHUYHI KaHAIM TUIY “Touka—Touka”. [IpoGiemoro B
TaKii apXiTEeKTypi € Te, MO KOXKEH MaKeT MOYKe MaTH Pi3HY JOBXKHUHY 1 pi3HY TPUBAJICTh OOPOOKH. Y TaKHX
yMOBaxX JDKATEp MDK MakeTamMu Oyje 3MIHIOBATHCh. Taki ITOTOKH IMOBHHHI HAmpsMy MPOXOIUTH 4Yepe3
nopore O-E-O neperBopeHHs Ha MPOMDKHHUX MapHIpyTH3aTOpaXx, IO TEK BHOCHTH A0JATKOBY 3aTPUMKY i
MPHU3BOAUTE J0 3HWKEHHS IMIBUIKOAII Mepexi. Bukopucranus apxirekrypu |Pover DWDM y makerHux
Mepexax MPU3BOJMUTH 10 HEe(EKTUBHOIO BUKOPHUCTAHHS PECYPCIB ONTHYHOTO TPAKTY (IOBKHUH XBHIIb).
Takox BUKOPHCTOBYIOThCS JOpori onTu4Hi iHTepdeiicu |P-mapmpyruzatopis. Ls apxiTektypa He 31aTHA
peanizyBaTH MPHHIMIK YIPaBIiHHSA TpadikoM Ta IIBUAKE BITHOBICHHS B YMOBax, KOJHM BimOymacs
BiqMOBa y po0OoTi obmamHaHHs. OjHi€0 13 0ocoONMMBOCTEH IIi€i apXiTeKTypH € Te, IO CUTHAJbHA
iH(OopMaIis Ta KOprcHa iHQOpMAITis epenalThcs Ha PI3HUX JOBKUHAX XBHIIb.

Jlis BUpIIIEHHS BUINECKA3aHUX MPOOIEM HEOOXIIHO BBECTH TPAHCIOPTHY TEXHOJIOTII, SKa
BUKOHYBaTHMEe (YHKIIT npoMixaoro mMix |IP ta DWDM piBHA i AacTh 3MOTY BUDIIIUTH TPOOIEMY
e(peKTUBHINIOr0 BUKOPUCTAHHS MPOMYCKHOI 37IaTHOCT1 KOXKHOT 13 JJOBXKHH XBHIIb.

Apxitektypa [Pover OTN over DWDM 3 Bukopucrannsim npuHuuny M PL S komyTtamii

ChoroziHi BKe € IiJla HU3Ka TPaHCIOPTHUX TexHoiorid. Hampukman, cuaxponHa Texnomorist SDH
Hee)eKTUBHO BUKOPHCTOBYE TPOIMYCKHY 3/aTHICTH 1 MOraHO aganTyeTbcs min BUOyxoBuit |P Tpadik.
Texnonoris Gigabit Ethernet xapakrepu3syeTbesi HerapaHTOBaHHM YacoOM JIOCTYITY 10 MEPEXKi, a TAKOXK He
MOX€E BUKOPUCTOBYBATHUChH JJISl ITOTOKIB peaibHOTro Yacy 4yepe3 HemependadyBaHi 3aTPUMKH 1 BiICYyTHICTh
KnaciB obOciyropyBaHHs. B miii poOoTi misi BUpINIEHHS BHINECKAa3aHUX MPOOJIEM 3aMPOIIOHOBAHO
BHUKOpHUCTaTH TpaHcnoptHy TexHomorito OTN 3 BrnpoBapkeHHAM TpupiBHEBOi apxitektypu |P over OTN
over DWDM 3 mnommHor0 yripasminas MPLS.

Texnonoriss OTN Hazae Taxi nepeBaru:

JIO3BOJISIE MIABUINUTH eEKTHBHICTh Mepex, 3a0e3rneunBin eheKTHBHE BUKOPUCTaHHS MPOIMYCKHOT
3IATHOCTI 31 3MEHIIICHHSIM 3aTpaT Ha peaji3allito MpuBaTHUX JiHiH;

ONTHMIi30BaHO OMepallii [y aBToMaTH3allii 001aTHaHHS Ta MOHITOPUHTY PECypCiB;

JI03BOJISIE TIPUCKOPUTH pearyBaHHs CHUCTEMHM Ha 3alUT Ha HaJlaHHS HOBHX CEPBICIB Ta 3MiHY
PEXKUMY TTOCITYT;

PO3LIMPEHO IHTENEKT Mepexi Ta 3a0e3ledeHo MoJNaNblly i ONTHUMI3alliio y Mipy pocTy Ta
PO3BUTKY TOCIYT.

VY 3ampornoHoBaHii apxitektypi mapmpyrusatopu |P/IMPLS ¢isnuno mifkiaroueHi 10 ONTHYHUX
MYJIBTUCEPBICHUX TpaHCTOpTHUX IutaTdopM. OcobnuBicTio Takoi apxitektypu € OTN piBeHb, SKHi €
npomikauM piBaem Mibk |IPIMPLS i DWDM. Bin posainsge joriuny Tta (i3UyHy TOMOJOTII.
Mapmpytuzaropu |IPIMPLS 3a6e3neuyiors snoriune 3 emnanss, toai sk OTN/DWDM 3a6esnedye
3’ €IHaHHS, 110 0a3yIOThCcs Ha (i3uuHil Tomosorii. Biposamkenns Texuosorii [P over DWDM nHa ocHOBI
IP/IMPLS 36epirae BUKOpUCTaHHS MITKH SIK HEBIJI EMHOTO eJIeMeHTa mpoiiecy komyrarii MPLS.

3ampornoHoBaHa apxiTeKTypa MpeacTaBlieHa y BUIAAl Tpbox Joriuaux piBuiB: IPIMPLS, OTN ta
DWDM.

1. IP/MPLS piBenb. Ha 1ipomy piBHIi 3/1iliCHIOETBCS Kiacudikallis Ta arperaiisi BXiiHoro Tpadiky,
pospaxynok ta mobymnosa LSP (Labd Switched Path — misix, komyToBanmii Mo MiTKax) 3 ypaxyBaHHAM
npunnunie Traffic Engineering (nmpokiagaHHs HACKPI3HUX KaHAIIB 13 BIAMOBITHUMH MPOIMYCKHUMH
3[aTHOCTSIMH), PO3MO/II MITOK Ta YNPABIIHHS HIDKYMMHU piBHAMH apXiTekTypu. [lepepaxoBani (yHKIii
peanizytotbest nporokonaMu OSPF, LDP ta RSVP, a Takox po3pobieHHMH y 1ili poOoTi anropurMamu
podoru IPIMPLS wmapmpytusaropis. Sk pesynabrat, |IPMPLS piBeHb, BUKOPHUCTOBYOUH OCOOJMBOCTI
TPAHCMOPTHUX TEXHOJOTIA HIKYMX PIBHIB, MPOMOHYE HIMPOKI MOXKJIHMBOCTI KepyBaHHs Tpadikom, IO
YMOXJIMBIIIOE pealizallifo MHOXXHHHHX Ta i€papXidyHUX mapaMmeTpiB skocti obcmyroByBanHs (QOS) Tta
rapaHToBaHoro piBHSA o0ciayroByBanHs (SLA), 3abe3meuye HamifiHicTh Mepeki Ta BHCOKHH piBeHb
BiJIMOBOCTIMKOCTI 32 PaxyHOK IIBUJIKHX 1 THYYKAX MEXaHI3MIB 3aXHCTy Ta BiJHOBIICHHS, 3a0e3meuye
3aranbHe kepyBaHHs Ta QyHKIil OAY (00poOka, aAMIHICTpYBaHHS Ta YIIPABIIiHHS) /ISl BCIX CEPBICIB.
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2. Ha OTN piBHi 3aificHIO€TBCS TIporiec GOpMyBaHHS MUPPOBOI OOTOPTKH 3TiTHO 31 CTAHIAPTOM
G.709. Lleii piBeHb 3a0e3meuye MPO30PIiCTh MepeJaBaHHs MPOTOKOMIB Ta e)eKTUBHUI MEXaHi3M KOpeKIIil
nomunok FEC (Forward Error Correction). 3aBmsku Ttexnonorii OTN  gocsiraetbes  edektiBHE
BHUKOPHUCTaHHS TPOIMYCKHOI 3JaTHOCTI 31 3MEHIIECHHSIM BHUTPAT Ha MPOKIAJAaHHS JOJATKOBUX ONTHYHUX
miniid. OTN Mae po3mmperi MOKIIMBOCTI eKCIUTyaTallii, aIMiHICTpyBaHHS Ta 00CIyTrOBYBaHHsI, MTATPUMYE
edexTHBHUIT TpaHCIOPT 1 KomyTalito (MynbruiiekcyBanus) ODU ¢peiiMiB, onTuMizaiiito omepariit 1s
MOHITOPUHIY Ta YIIPaBJIHHS pecypcaMu Mepexki. 3ade3nedye apToMaTH3alli0 po0ounx (QYHKIIH — TaKuX
K cepBiCHE OOCIYroBYBaHHS, OHOBJICHHS CIHUCKY OOJNaJHAaHHS Ta TOIOJNOTii MEpexi, IO Ja€ 3MOTy
3HU3HUTH TPYAOBUTPATH TEPCOHANY 1 OJHOYACHO MPUCKOPUTH pearyBaHHS Ha 3allUTH HOBHX CEPBICIB i
3MmiHu pexumy mocayr. OTN piBeHp migBuilye iH(opMmalliiiHy HACHYEHICTh Mepexi, 3abe3meuye
BUIIEPE/DKYBAIIbHE 1 PEaKTHBHE OOCIYrOBYBaHHS 3aJISKHO BiJ] MOTOYHUX YMOB (HANPHKIAI, MHOKHHHI
napaienbHi 3001, MapIIPyTH 3 BHCOKMM PiBHEM 3aTPUMOK 1 OyJb-sKi iHII (akTOpH, IO BIUIMBAIOTH HA
SIKICTh 00CITYTOBYBaHHS).

3. Ha DWDM piBHi 3IiliCHIOEThCS MPOIIEC KOMYTaIlil (i3HUHMX KaHaTiB (IOBXKHUH XBHJIb), a CamMe
KOMyTallii MDK BiAIOBIAHMM HOMEPOM BOJIOKHA Ta JIOBXXHUHOK XBHJI. OCHOBHHUMH (YHKI[ISIMH I[LOI'O
PIBHS € omeparlii MyJIbTUIUIEKCYBaHHS Ta AEMYJIBTUIUIEKCYBaHHS, a caMe — 00’ €/IHAaHHS JOBXKUH XBHJIb Ta
BUJIUICHHS iH(pOpMaIlii KOXKHOT0 KaHaiy i3 3aransHoro curany. DWDM piBenb 3a0e3neuye mepeHeceHHs
osokiB OTU (ontrunux dpeiimMiB) MK ABOMa TEPMiHATBHUMU BY3JIaMH MEPEXKIi.

Puc.1. Jlociune npeocmasnenis mepeici
IP/MPLS over OTN over DWDM

Judepennianis kiaaciB Tpadiky 3a QOS Ha kpalioBoMy MapuIpyTH3aTOpi Mepe:xi

Jns epeKTUBHIIIOrO BUKOPHCTAHHS CMYTH TPOITYCKAHHS KOXXHOI JIOBKHHH XBWJII y 3aIpOIIOHOBAHIH
apXITEKTypl yIOCKOHAJICHO MOJIe/Ib KpaiioBoro Mapiupyrusatopa Lle nmependauae kimacudikalliro BXigHOro
MOTOKY BIJIMOBIJTHO JIO BUMOT IOJI0 SIKOCTi 00CITyroByBaHHs. BpaxoByroun 1ie, MPONOHYETHCS BU3HAYUTH
TPH OCHOBHI Kiacu Tpadiky, IO J03BOJIUTH CIPOCTHUTH MPOIECH aHANi3y Ta OOCITYroBYBaHHS BXiJHHX
MOTOKIB.

epumii kac — e Tpadix peansHoro uacy (real time). Floro MoskHa pO3AUIATH Ha 1BA THITH: CITY)KOOBHI
tpadik (curHamizaiinui Tpadik), Ik HEOOXITHUI IS B3a€MOIIT MEPEeX JOCTYIY 1 TepeaaeThes Yepe3
CUTHAIIbHY JOBKUHY XBUJI, Ta Oe3mocepeHpo Tpadik peaapHoro vacy (MOBJIECHHS Ta Bifeo).

Hpyruii kjJac — MOTOKOBUH Tpadik, SKHH HE € JyKe YyTIUBUM JI0 3aTPUMOK, OJHAK UyTIUBHUH 10
JDKUTepa Ta BTpart. [Ipuknagom Moxe OyTH ayio Ha BUMOTY, BiJieo Ha BUMOTY Ta iHTEPHET-MOBJICHHS.

Tperiii k1ac — enacTuuHuid Tpadik, To0TO Tpadik, s SKOro 3MiHA MPOITYCKHOT 3IaTHOCTI KaHATY
MPAaKTUYHO HE BIUIMBAE HA SIKICTh 00CTyroByBaHHs. EnacTwuHmii Tpadik HaISKUTh 10 Kiacy Tpadikis,
YyTIUBUX J0 BTPAT, MAIOYYTIMBUX JI0 3aTPUMOK Ta HEUYTIUBUX 10 JokuTepa. Llel kinac ans nmepenaBaHHs
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BuKopuctoBye nporokon TCP. [Ipukinagom Moxe O0yTy Tpadik eIeKTpOHHOI MOMITH, MEPECHIaHHs JTaHUX,
BeO-101aTKIB.

i | B
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Puc. 2. Knacugixayis munie mpagixy i | i |

e — ;

CtpykTypHO-pyHKIIOHAILHA CXeMa YI0CKOHAJIEHOT0 KpaiioBoro mapmpyrtuszatopa MPLS

Ha ocHoBi 3anponoHoBanoi tpupiBHeBoi apxirektypu IPIMPLS over OTN over DWDM, a Takox
MeTofiB  Kiacudikailii Tpagiky BIOCKOHAJICHO MOJCIb KpalOBOrO MapIIpyTH3aTopa, SKUH 3a0e3redye
eekTHBHIIIE BUKOPUCTAHHS ONTUYHUX PECYpPCiB 1 amantyeThest mig BuOyxoswuii IP Tpadik.

3anpornoHoBaHa apXiTekTypa BukopuctoBye TexHomorito OTN, sika € aCHHXPOHHOIO, Ha BIIMIHY BiJ
SDH. Ile o3Havae, 10 MOMEHT BiANPaBKH TPAHCIOPTHOINO MOIYJSA 3 BHUXIJIHOTO By3jIa HE € YiTKO
BHU3HAYEHUM (HAIPHKIIAI, CHHXPOHI30BAHUM 3 IIEHTPaJbHUM TOANHHUKOM, 5K B SDH). BimnosigHo mocrae
MUTAHHS BU3HAYCHHS ONTHMAIBHOTO MOMEHTY BiJIIIPaBKH TPAHCIIOPTHOT'O MOYJIS.

MOMEHT BimmpaBJIeHHs OJIOKa JaHUX € OJHHUM 3 OCHOBHHX (haKTOpiB, SKHH BIUIMBAE Ha
MPONYKTUBHICTh 1 €(EeKTUBHICTh MEpexi Ta sKiCTh 0OCIyroByBaHHsS. BiAlloOBiIHO 10 3amponoHOBaHOI
MojIeNi KpaloBHi By30J Mepeki 3abe3nedye arperaiiiro iHGopmaniiiHux moToKiB Bix Mepex nocrymy (IP
Mepexi, Mepexi MOOLTBHOTO 3B’ I3KY, IIEHTPU OOPOOKH TaHWX, TPUBATHI JIOKATBHI MEPEXKi IMiJIPUEMCTB Ta
JepyKaBHUX Oprafizaiiii) Ta (GopMye 3 HHUX MOTOKIiB TPAHCIIOPTHI MOAY/i. Y BHMIAAKY HaAXOKeHHs IP
nakKera Ha KOHKPETHHH KpaHoBHid By3os (MapuipyTH3aTop) MepIinii KPOK — aHali3 Ta BU3HAYCHHS HOro
FEC (Forwarding Equivalence Class — kmac mepenaBanus). Ilicis mporo BimOyBaeThCs 3aIliC IaKeTa B
omu 3 Oydepis Buff-FEC, — BuUff-FECy, ne N — ximbkicTh Mepex mnpu3HadeHHs. CTpyKTypHO-
(dyHKIIIOHATbHA CXEMa TaKOTro MapIpyTU3aTopa BigoOpaxeHa Ha puc. 3.

V pasi supoBamkenns [P over OTN over DWDM na ocuosi IPIMPLS mitka mpucBoroerscst OTN
(dpeliMy, KM MICTUTh ITAKETH 3 OJHAKOBUM Ki1acoM ekBiBanenTHocTi FEC.

OCHOBHMMH CTPYKTYPHUMHU €JIEMEHTAMH 3alpOITIOHOBAHOI MOJIeNi KpalHoOBOTO BY3JIa €:

1. Traffic Engineering menemkep (TEM):

3a0e3mnedye poOOTY MPOTOKOJIB quHaMiuHoi Mapmpytu3aiii: OSPF, 1S-1S, E-IGRP;

3a0e3mnedye poOOTY MPOTOKOJIIB po3noniny Mitok LDP, RSVP-TE;

3a0e3mnedye poOOTY MPOTOKOJY yrpaBiiHHs 3’ enqHaHHsM LM P,

HAa OCHOBI pPOOOTH BHUIIECKa3aHUX MPOTOKONB ¢opmye Tabmumo MPLS komyramii
(3 ypaxyBaHHSIM HOMEpa BOJIOKHA Ta HOMEpa JOBXHHHU XBUII) Ta popmye LSP (MapipyTu 3a MiTkamu);

Mo A, 3IiMCHIOE 0OMIH CiIy:k00BOIO iH(OpMartriero (TOmoaOris Mepeki, MITKH, 3aBaHTaXEHICThH
KaHaJIB) 3 IHIIMMH By3JIaMH MEPEXKi;

y MEBHMX yMoOBaxX (hOpMye HACKPI3HHI KaHall, pe3epBYIOYM OJHY a0o0 IeKiIbKa JOBXKHH Ta
BHUKOPHUCTOBYIOUH poboTy nporokory RSVP-TE .
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2. Ta6auns komyTtauii MPL S (M PL SS witching table):

HAa OCHOB1 KOHTPOJNBHOI iH(popMaiii popMye Komiro TabnHIli KOMyTaIllii Ta BHOCUTB JI0 HEl 3MiHH
iy 9ac pekoHpirypartii Mmepexi.

3. Komist Tagmmui komyrauii MPLS (CMST):

3ailicHIoe KomyTailito 3a Mitkamu Ha OTN piBHi (BX. HOMEp BOJIOKHA, BX. JOBXKHHA XBHIII, BX
MiTKa — BMX. HOMEp BOJIOKHA, BUX. JOBXKHMHA XBHUIIi, BUX. MITKA);

dbopmye MiTkH, siki OyayTh 3amucyBatucs B mone ODU chopmoBanux OTN ¢peiimiB y mporeci
arperarii.

~\, TN

||;1 (1p)
® @
+ \ 2 /

SN

___Knacudikatop no FEC Traffic Engineering Manager
Ons FEC1- - - [ina FECnj€ > :
IP naket j-” - IP naker LDP ' OSPF-TE
Pracer - - -1 Pracer
IP naket - - IP naker LMP ' RSVP-TE
l +|MiTtka :
Kontponeh.
Briok po3noginy naketis no QoS inchopmatin N
Ona FEC1- - - Ona FECw ¢
) W kmi & Tabnuun komyTadiir MPLS
PP fex | Aex | Mex| feux Aanx Meux
PP 511211713 21 10
l A
—~— |} 1 - [, |}
Ons FECn fox | Aex | Mex | faux | Asux|Manx
OPUBnok i = =i OPUBnok JMmmi 5 12 17| 3 | 2110
| OPUBnok - - =i OPUBnok -y
OPU Briok  i= = - OPU Bnok MiTka

Bydep ana nepeagadi OTN
A Otpumannn | Bignpaska
OTUx + Mirka OTN ®peitm | OTN dpeiim
__OTN ®peiim | OTN dpeiim

OTN dpeiim OTN ®peitm
Y T
TpancnoHaep / ROADM
}v¢ ] - - ¢)\4ﬂ ‘,;Vc

OnTun4HI BONOKHa

Puc. 3. Cmpyxmypno-ynxyionanvha cxema 3anpononosanoi
Mooeni Kpatio8o2o 8y31a MPAHCIOPMHOL Mepeici

4. Knacudikarop FEC:

Kiacu(iKye MaKeTH 3a aJpecor0 MEpeki MPU3HAYCHHS Ta PO3MoIiILe iX o Oydepax;
5. BJok po3noaiay maketiB mo QoS (QoSDB):

3MiMCHIOE KITacH(iKaIliio MakeTiB 3a mapaMeTpoM sKocTi oocimyroyBanns (Q0S);
3 IP nmakeriB popmye OPU (15232 Gaiith);

3a0e3neuye JOTpUMaHHs KpUTUYHOTO 4ac y ¢popmyBanns OPU.
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6. Bydep nas arperanii OPU:
36epirae OPU nepen dopmysanusm OTN ¢peiimy, npuuomy OPU npuxoasars Bix pisaux FEC ta
3aiiMarOTh OKpeMi 00JacTi mam’ ti.

7. Bydep nas nepenaBannssOTN:

30epirae ODU ¢peiimMu i yac nepeaaBaHHs Ha TPOMIKHUX BY3JaX MEPExi.

Koxen kmac Tpadiky XapakTepu3yeThCs HMapaMeTpoOM 3aTPUMKH, SKOi BIH MOXKE 3a3HATH I 4Jac
nepenaBaHHs yepe3 Mepexy. BilnmoBinHO TpuBaicTh mepeOyBaHHS OJHOIO MAaKeTa B OOCIYyTrOBYIOHUOMY
npuctpoi oomexena. 1o Bummii npiopurer Tpadiky (rosoc, Bimeo), ToO MEHIA TPUBATICTh OYiKyBaHHS
nakera Mae OyTHu 3a0e3ledeHa B KOKHOMY obOciyroBytodomy npuctpoi. [lakern 3 nux 6ydepis popmyrots
CBili OKpeMHil OJOK KIIIEHTCHKOIO HaBaHTaXXCHHs. BiAmoBigHO 10 po3poOieHol Mojeni Kiacugikarii
TpadiKy, KpUTHYHUA Yac TepeOyBaHHS TAaKeTiB Uil KOHKPETHOro Kiacy Tpadiky Ha OZHOMY By3Ii
BU3HAYAETHCS SK:

-t AN-1
txp.syx,m = (-I-KI’-W’UO’ ”T\elf)“‘” >( )) ' (l)

ne t — MaKCHMaJbHUH 4ac repeOyBaHHS MakeTa B OJAHOMY BY3JNi mepexi; t — TPUBAIICTH

Kp.6y3na nepeoaui

nepeaBaHHs MakeTa MK JIBOMa By3JlaMu Mepexi; | — KpUTHYHA TPUBAIIICTD MEpeJaBaHHs MMaKeTa

KD UTAXY
KOHKPETHOIO KJIacy B3M0BXK ycboro muisaxy; N — KUIBKiCTb MepeXeBHX NPHCTPOIB Ha IUIAXY
nepenaBanHs. s BU3HaYCHUX KilaciB TpadiKy NOBUHHA BUKOHYBATHUCS PiBHICTS:
1 2 3
T/(p.mzﬂxy < T/(p.w.zﬂxy < T/(p.w.zﬂxy : (2)
Jnst ko)kHOrO OJOKa BH3HAUCHO KPUTUYHUN Yac iCHYBaHHsS, NMPUYOMY CIIPaBEJIMBA HEPIBHICTh
T n <T,,<T,;. Ilpuiivemo, mo s nepmworo kiacy tpaiky KPUTUYHHHA 4Yac 3aTPUMKH IAKCTiB

CTaHOBUTH 2 MC, i apyroro — 4 mc, mis tperboro — 10 mc. SIkio KpuTHYHHUI Yac iCHyBaHHs OJoKa
nobirae KiHI 1 OJIOK HE 3alOBHEHUH, TO BiH aBTOMATHYHO JOMHMCYETHCA CTa(iHrOBUMH OiTamu 1
BiJIIPaBIISIETHCA.

Po3pobaenns meroay arperauii MyJabTHCEpPBicHOTO Tpagiky
B KpailoBOMY MapIIpyTH3aTopi Mepe:xi

VYiockoHalleHa MoOJeNb KpaloBOrO MapIIpyTh3aTopa NpUIIBHAIIYE Tporec (HOpMyBaHHS
TPAHCMOPTHUX MOJYNIB 3 TapaHTyBaHHSM HEOOXiIHOI SKOCTI OOCIYrOBYBaHHS, a TaKOX e(eKTHBHIIIe
BHUKOPHUCTOBYE HaJlaHi i pecypcH: MPOMYCKHY 3JaTHICTh KOXHOT 13 JOBXKHH XBHIIb. 3BRKAIOYH HA OIUCAaHi
BHIIE OCOOJIIMBOCTI poOOTH KpallOBHX MapIIpyTH3aTOPIB, MPOIMIOHYETHCS METO/I TiIBUIICHHS e()eKTHBHOCTI
(hopMyBaHHsI TPAHCIIOPTHUX MOJIYJIIB 3 TapaHTyBaHHIM HEOOXIIHOI SKOCTI oOciyropyBaHHs. Jms
peaizaliii 1bOro MeToAy BIOCKOHAJICHO Mpoliec podoTH KokHOro Mmapiipyrusatopa |[PIMPLS srigao 3
QITOPUTMOM, TIPEJCTAaBICHUM Ha puc. 4.

[TpuHIMn poboTH 3aNIPOIIOHOBAHOTO AJTOPUTMY TaKHii:

1. Ha mapmpyruzatop HaaxoiauTh Tpadik Bim Mepex apocrymy, ae |P makern po3moninsroThest

BiAOBIAHO 10 Mepex npusHauenns FEC | no FEG ne N —kinbkicts Mepex nmpusHadeHsL.

2. B mexax omnoro FEC posnoninennii IP Tpadik knacudikyeTbes 3a mapamerpamu SKOCTi
o6cnyrosysanns (QoS) ma j =[13], jT N Kkmacu, koxeH 3 SKMX Ma€ CBilf KpUTHUHHMI Yac HOpMyBaHHs

OJy1oKa Txpj .

3. Ilicna knacudikanii |P tpadiky 3rimno 3 mapamerpamu QOS BinOyBaeTbesi 3amyck Taiimepa;
(j — BM3HaYa€ KOHKPETHHH Kiac Tpadiky).
4. Taumep; mae CBiii BU3HAYCHUH KPHTHYHMHA 4ac GopMyBaHHs GOKa Ui KOXKHOIO i3 KIacis.

Ioxkn smauenns Taumepa; NeKpeMeHTyeThes, BinOysaetbes sanuc |P makerie y 610K KOPUCHOro

HaBautaxxeHuss OPU.
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5. Sxmo norounwmii yac popMyBaHHs OJIOKa Tﬁﬂo,(yj MEHIIHH 32 KpUTUIHUH Yac GpopMyBaHHS TKpj ,

IP nakeru 3anucytothes y 6mok OPU Ta BinOyBaeThes mepeBipka ioro 3amoBHeHHs. Komu 610k OPU €
HEJIOBAHTAXXEHUM, BiIOYBAETHCS TMeEpexiJl 10 KPOKy 4, B iHIIOMY BUMNAJAKy — 32 MOBHOTO 3aBaHTAXKCHHS
6noka OPU BinOyBaeThcst mepexif 10 Kpoky 8.

6. Skmo uyac QopmyBaHHA O0Ka Tﬁﬂo,(yj JOCAT CBOIO KPUTHYHOTO 3HAYCHHS TKpj , Toxmi
BiOyBaeThcs mnepepipka 3anoBHeHHs O10ka OPU. Sxmo OPU 3anmoBHeHUH, TO BiAOYBAEThCS MEPEXia 10
kpoky 8. Y Bumanmky, komu Onok OPU He 3amoBHeHHil, BiAOyBaeThbcs mepexii A0 KpPOKy 7, He
3IIMCHIOETHCS TIEpEBipKa Ha TOCTATHIO KiNbKicTh [P makeTiB Bij iHIIKMX ABOX KiaciB Tpadiky, ski moTpiOHi
JUTS 3aBepIICHHS mporiecy ¢popmyBanHs 1oro OPU.

e e e TR e e CEE I T ekl |

l

s of % T TR S, o]

R e T

Puc. 4. Aneopumm acpezayii 6xionoeo mpagixy 6io mepesic docmyny

7. Y Bumaaky, KOJW KUIBKICTh IaKETiB JOCTAaTHS, MPOBOAUTHCA iX 3amuc B Onok OPU i
BiOyBaeThCsl Tepexif A0 KpokKy 8. SKmo X KiTbKiCTh TakMX IaKeTiB BiJ IHIIUX KiaciB Tpadiky
HemocTatHs, To el OPU aBTOMaTHYHO AOMOBHIOETHCS CTA(IHTOBUMH OiTaMH.

8. 3nilicHI0€TbCA CKUAAHHS 1 aﬁjuepaj Ta HAaJXOMKEHHS OJIOKa KOPHCHOTO HABaHTAXKCHHS Ha

OTN piBens, nie 3 Hporo Gpopmyetbest OTN Ppeiim.
9. B zaronosok ODU msoro OTN dpeiimy 3anucyeTbest MoaudikoBaHa MiTKa.
10. OTN opeiim HagXOANUTH HA TIEpeady.
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HocaimxenHs ed)eKTHBHOCTI 3alIPONIOHOBAHUX PillleHb
3 BUKOPHUCTAHHSAM 3ac00iB iMiTalliiiHOr0 MOIETIOBAHHSI
Ha ocHOBi 3amponoHOBaHOro ajropuTMy arperaiii BXigHOro Tpadiky moOyqoBaHO IMiTamiiHy
MOJICNIb, SIKA Ja€ 3MOTy OIIHUTH e(peKTHUBHICTh Horo poOoru. ImirtarifiHa Mopenbs po3polsicHa 3
BHUKOpPUCTaHHSIM MOBH TporpamyBanHsi C++ Ta cepenosuina nporpamyBanus Qt5.4. Buxinni napamerpu
MOJIEIIOBAaHHS OAAHO B Ta0m. 1.

Tabauys 1
Buxigni mnapameTpu Moae10BaHHSA

[Tapamerp 3HaveHHs

KinbkicTs By3:iB 6

KinbkicTh BOJIOKOH MiXK IBOMa CYCIJTHIMHU By3JIaMU 2

KinbKicTh TOBXKHMH XBWIJIb B OTHOMY BOJIOKHI 10

MakcumainbHa H_IBI/I):[KiCTI? nepeJaBanns Ha OJTHIN 10 I'6it/e
JIOBXKHHI XBHJTI
MakcumaibHa IpOAYKTUBHICTH MEPEKEBOTO By3Jia 200 I'6it/c
XapakTepuCTHKN TPAHCIIOPTHOTO MOTOKY (BiAMOBIIHO OPU2 — 10 I'bit/c; po3mip dpetimy OTU - 121856 6it
1o cranpapty G.709) (cranmit); TpuBaicTh BpeimMmy — 3MiHHA

VY Mepexi B pydHOMY peKHMi CTBOPEHO HAOIp TYHENIB, SKi KOMYTYIOThCs 3a MiTkamu. [lapamerpu
[UX TYHETIB IMOaHO y Tabu. 2.

Tabruys 2
IMapameTrpu TyHeJiB
Cepenns 3ape3epBoBaHa
LSP Komip Byzmu | Ilpiopurer Pexum HHTCHCHBHICTD HIpOTycKHa
HAaBaHTAKEHHS, 3aTHICTb,
I'éit/c I'éit/c

1 YepBonuit | 1-2-3-4 1 Crannaprauii/Hackpizuuit 4.3 6
2 Cuniit 1-2-3 2 CrangapTHUH 3,6 5
3 3eneHuit 1-2-5 3 CranaapTHU 54 8
4 JKosTuii 1-2-6 1 CrangapTHuit 2,3 4

OcHoBHE BIKHO TIpOrpaMH JUisi HAJAIITyBaHHS KOH(]Irypallii Mepexi Ta KOHTPOIIO HaJ MPOIecoM
MOJIENIIOBAaHHSI BiZI0OpaskeHo Ha pHcC. 5.

OnTHYHMIA ~ TPaKT MICTUTH  JIBa
ONTUYHI BOJOKHA, KOXHE 3 SKHX
MICTHTH 10  noBxuH XBHJIb.
MakcuMaJibHa TPOIYCKHA 31aTHICTh
KoxHOT xBui - 10I'6it/c.

Puc. 5. Cxema cmeopenoi mooeni mpancnopmuoi onmuyHoi mepexci

BukopucroBytoun HaBeneHi B Tabn. 1 ta 2 mapaMerpu Ta Ha OCHOBI rpadoBOrO MpencTaBlICHHS
Mepexi (puc. 5) hopmyemMo MaTpuio cyMiKHOCTI. I CTBOPEHHS 3B’ 3Ky MK By3JIaMH HEOOXIiTHO Ha
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MepexpecTi BIAMOBIIHOrO0 HOMEpPa PSIKA Ta CTOBIII 3aJaTH 3 BUKOPHCTAHHIM PO3II0BOro 3Haka “/” Taki
MapaMeTpH: KUIbKICTh BOJIOKOH, KiJIbKICTh JIOBXXUH XBHJIb UM MPONYCKHY 31aTHICTh TOBKHHU XBHJII.
MopenoBaHHsT MPOBOIUIIOCS y [IBa eramu, Oe3 3acTOCYBaHHS 3alpOIOHOBAHUX pillleHb Ta 3 iX
3acrocyBaHHsM. Ha puc. 6 BimoOpakeHO e(peKTHBHICTh BUKOPHUCTAHHS PECYpCIB MEPEKEBOro By3ia. Y
MOMEHT I€pPEeXO0[ly 3 IMEPIIOro eramy Ha JAPYIHH, 10 YiTKO BimoOpakeHO Ha pHC. 7, CIOCTEPIracThCs
3HIDKEHHS 3aBAHTAXKEHOCTI armapaTHUX pecypciB. BBIMKHEHHS anropuTMy arperarii (puc. 6) B imitariifnii
MOl IIPUBOIANTE 0 epEKTHBHINIOr0 BUKOPUCTAHHS TPOITyCKHOT 31aTHOCTI XBri Ha 10-25 % (puc. 7).

| Marpwun cpimiscni | MoToover Toakry | npasmisen toadinom |

1 2 3
|]| Bonowwo NEL  Kpwna #1001 Newas #1002 ewn
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Puc. 6. Poboma imimayiiinoi mooeni nicis 88iMKHEHHS An20pummy azpe2ayii
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Puc. 7. I'paghix 3a6anmasicenns x6ub 00 i NICA GEIMKHEHHS AN2OPUMMY azpe2ayii
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BuchHoeku

VY pobGorti 3anpornonoBano apxitektypy IP over OTN over DWDM mepexi, 0COOTUBICTIO SIKOI €
OTN piBenb, sikuii po3aiisie goridny ta ¢isuuny Tomosnorii Mmepexi IPIMPLS i DWDM. MapuipyTtuszatopu
IP/MPLS 3a6e3neuytots soriune 3’ exnanus, Tomi sk OTN/DWDM 3a6esmeuye 3’ eHaHHsl, M0 6a3yI0ThCS
Ha ¢i3uunid Tomosorii. BrpoBajpKeHHS 1€l apXiTEeKTypu [a€ 3MOTY IJBUINUTH MPOIYKTUBHICTH
TPAHCIOPTHOI iIHPPACTPYKTYPH Ta CIPOCTUTH TPOIIECH 11 eKCIuTyaTallii.

VnockonaneHo Monenb  kpaiiooro |IP/IMPLS  mapuipyrusatopa/komyraTopa Ha — OCHOBI
PO3pOOIICHOrO aNTrOpUTMY arperaiii  MyJbTHCEpPBICHOTO Tpadiky, SIKHH Jae 3Mory edeKTHBHIlIe
3aBaHTa)XKyBaTH TpaHcnopTHi (perimu TexHonorii OTN i mocTymHi onTH4HI pecypcu Ta 3a0e3neuuTH
BHCOKY SKICTh OOCIYrOBYBaHHS TOTOKIB PEALHOrO 4Yacy. 3TiTHO 3 II€0 MOJEIUTI0 KpaloBHH BY30I
TPAaHCMOPTHOI MEPEXKi 3MIMCHIOE arperaiito iHpOpMalifHIX TOTOKIB BiJl MEPEX JIOCTYITy Ta POPMYE 3 IUX
MOTOKIB TPAHCIOPTHI MOYJII.

Pe3ynbrati MOJENIOBaHHS IMOKa3ylOTh, IO €(PEKTHBHICTh BHKOPHCTAHHS PECYPCIB MEPEKEBOrO
By3ia 30utkinmiacsa Ha 25 %, 1110 NpHU3BOAUTH A0 3HIDKEHHS 3aBaHTaKCHOCTI almapaTHHX PECypCiB Ta
CHEProCroKUBaHHs. B pe3ynbrati poOOTH iMiTaliiHOT MOIEl MiATBEPDKEHO e()EKTUBHICTD 3aIPOIIOHOBAHMX
METO/IIB Ta TEXHIYHUX PIllIeHb Ha OCHOBI iHTerpoBaHoi apxitektypu |P over OTN over DWDM.
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