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A YANG Data Model for Layer 2 Virtual Private Network (L2VPN) Service Delivery

Mopensb paHHbix YANG ana npepocrasrieHus ycnyr BuptyanbHbix cetem L2 (L2VPN)

AHHOTauus

B aToM [okymeHTe onpefeneHa mopenb fAaHHbix YANG, koTopasi MOXeT CRyXuTb ANs HacTPOMKU KOHMrypaumum
npegocTtaensiemoro nposaigepom cepsuca L2 VPN. Cuctema ynpaereHuss NpuHUMaeT 3Ty MOAENb B KayecTBe BXOAHbIX
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1. BeedeHue

OTOT pOoKymeHT onpegenset mogene AaHHbix YANG pgna ycnyr L2 VPN (L2VPN). Mopgenb onucbiBaeT 3neMeHTbl
KOHpurypaummn cepsuca, KOTopble MOTYT NMPUMEHATLCA B KOMMYHUKaALMOHHBIX MPOTOKOMax Mexay aboHeHTamMu n ceTeBbiMU
onepatopamu. JTU 3MEMEHTbl MOryT TaKkKe CMyXWTb BXOAHbIMW [AaHHbIMU Afs aBTOMAaTU3UPOBAHHBLIX MPUINOXEHWI
yrnpaBneHusl U HaCTPOWMKN KOHUrypauum, KOTOpble MOryT reHepupoBaTb KOHKPETHble KOHdUrypauum Ans HacTPOWKM
pasnuyHbIX 3NeMEHTOB ceTu, obecneunBatonx cepsuc. Cnocobbl HACTPOKKM KOHUIypaLmMmn ceTEBbLIX 3NIEMEHTOB BbIXOAAT 3a
pamKu 3TOro JOKyMeHTa.

[ononHutensHoe paccMoTpeHune cnocoboB mogenupoBaHus ycnyr ¢ nomouwbio YANG n cesAsen mexay «aboHEeHTCKMMM
MogensMu cepsuca», NoAoGHbBIMU OMUCAHHBIM 30€Cb, U KOHMUIypauuoOHHbIMU MoAensamu MoxHo Hanmtm B [RFC8309] u
[RFC8199]. B pasgenax 4 u 6 npuBegeHa 6onee nogpobHasa nHgpopmaumsa o cnocobax NpUMeHeHUs 3TON MOAenu ceperca u
€€ ponu B obLen apxnTekType MOAenupoBaHus.

OnpepenénHHas B 3ToM AokyMeHTe mogaenb YANG BkntovaeT nogaepxky yenyr VPWS (Touka-touka) n VPLS (MHOroTouyeuHble),
MCNonb3ylLWNX NCeBgonpoBoa C curHanusaumen Ha ocHoBe npoTokona LDP n BGP, kak onucaHo B [RFC4761] n [RFC6624].
Mogenb cootBeTcTBYeT apxuTtekTtype NMDA [RFC8342].

1.1. TepmuHonorus
Hwxe nepeyncneHbl TepMmuHbl, onpegenéxHole B [RFC6241] n ncnonssyemole 3aech:

- client - knueHT;
- configuration data - gaHHble koHdWrypaumu;
- server - cepBep;
- state data - gaHHble cocTosiHMA.
Hwxe nepeuncneHbl TepMuHbl, onpegenénHblie B [RFC7950] n ncnonb3ayemble 30ech:
- augment - gobaBneHue (ycunexue);
- data model - Mogenb AaHHbIX;
- data node - y3en AaHHbIX.

TepmuHonorus ana onucanna mogenen aaHHelx YANG 3anmcteoBaHa ns [RFC7950].

1.1.1. YpoeHu mpeboeaHul

KntoyeBble cnosa Heobxoaumo (MUST), Hegonyctumo (MUST NOT), Tpebyetca (REQUIRED), HyxHo (SHALL), He Hy>XHO
(SHALL NOT), cnenyet (SHOULD), He cnepyeT (SHOULD NOT), pekomenayetca (RECOMMENDED), He pekomeHAayeTcA
(NOT RECOMMENDED), Bo3moxHo (MAY), HeobssaTtenbHo (OPTIONAL) B pgaHHOM [JOOKyMEHTE  OOMKHbl
MHTEpnpeTMpoBaTbca B cootBetcTBum ¢ BCP 14 [RFC2119] [RFC8174] torgpa u TOonbkO TOraa, korga OHWM HabpaHbl
3arnaBHbIMK GyKBamu, Kak NoKasaHo 34€eCh.

1.2. Anarpammbl AepeBbLEB
Ounarpammbl epeBbeB B 3TOM AOKYMeHTe ncnonb3ytoT HoTauumo [RFC8340].

2. OnpedeneHust

Hwuxe npueedeHbl onpeneneHna NCnosibdyemMblX B JOKYMEHTE TEPMUNHOB.

Service Provider (SP) - cepeuc-nposatidep
Opranusauus (06bIMHO KOMMeEpYecKoe NpeanpuaTve), oTBevaroLas 3a paboTy cetu, kotopas npegoctasnseT ycnyrm VPN
KnueHTam 1 aboHeHTaMm.

Customer Edge (CE) Device - kpaesoe ycmpolicmeo aboHeHma
Ob6opynoBaHue, BblAENEHHOE ANsl KOHKPETHOro aboHeHTa M HanpsMykt MNOAKIMIOYEHHOE K OAHOMY WM HECKOMbKUM
ycTpovicTeam PE uepes ycTpoiictBa (kaHanbl) npucoegauHeHus (AC'). Yctpoiictea CE 06bluHO pasmellatoTcss Ha
nnowaake aboHeHTa U kak NpaBuno BbigenstoTcs ansa ogHou cetn VPN, xoTa MoryT nogaepxueatb U MHoxecTBo VPN,
ecnun Ansa Kaxgon npumeHsietcs cBoé npucoeauHeHve AC. YctporictBamu CE moryT 6biTb MapLupyTu3aTopbl, MOCThI,
KOMMYTaTOpbl UNN XOCTbI.

Provider Edge (PE) Device - kpaeeoe ycmpolicmeo npoealidepa
Ynpaensemoe SP oGopynoBaHue, cnocobHoe nopaepxumBatb MHOxecTBO VPN ans pasHbix abOHEHTOB M Hanpsamyto
COEAMHEHHOE C OAHMM MuInu MHoxecTBom ycTponcTB CE uepe3 AC. Yctpoinctea PE 06bivHO pa3smeluaroTcs B TOYke
npucytcteusa SP POP? u ynpaenstoTtca SP.

Virtual Private LAN Service (VPLS) - ycnyau eupmyanbHol YyacmHou JIBC
VPLS npepnctaBnset cobon ycnyrn onepatopa, obecneumBaioine MnONHOMYHKLUUOHAMNBHYIO 3MYMALUI0 TPaaWULMOHHbIX
JIBC. VPLS nosBonsieT coeauHsATb Heckonbko cerMeHToB JIBC yepes ceTb nakeTHoi kommyTauum (PSN?®) B ogHy ceTb,
noBeZeHNe KOTOpPOW Noxoxe Ha eauHyto JIBC.

Virtual Private Wire Service (VPWS) - ycnyau eupmyanbHO20 4acmHo20 npoeoda
VPWS npepactaBnsieT cobol yCTpOWMCTBO «Touka-Todka» (T. €. kaHan), coeauHsiiolwlee apa yctpornctsa CE. Kanan
opraHusyeTcsa B popme norudeckoro coeanHeHunsa L2 yepes PSN. Yctponctea CE B ceTn aboHeHTa nogkntoyatotes k PE B
cetn npoBangepa 4vepes AC, koTopble ABMAAIOTCA (PU3UYECKUMU UNKN NOrMYECKMMU ycTponcTBamu (kaHanamum). VPWS
otnuyaetca ot VPLS Tem, uto VPLS saBnsieTca MHoOrotoyeydHbiM cepsucom, a VPWS obecneumBaeT coeanHEHUA «TOYKa-
Touvka». B HekoTopbIx peanusaumax Habop VPWS cnyxut ang cosganHus cetm L2VPN ¢ MHOXeCTBOM CanToB.

'Attachment Circuit.
2Point of Presence.
3Packet switched network.
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Pseudowire (PW) - nceedonpoegod
lMceBgonpoBoa npeacTaBnAeT cobov aMynsAUMIO eCTECTBEHHOro cepsuca 4yepe3d PSN. OmMynupyembiM CEPBUCOM MOXET
6biTb ATM, Frame Relay, Ethernet, HuskockopocTHoi kaHan TDM' unu SONET/SDH?, a ceTbto PSN - MPLS, IP (IPv4 unu
IPv6), L2TPv33,
MAC-VRF
Tabnuua BypTyanbHO MapLUpyTU3aumm 1 nepecbinkm ans MAC*-agpecos B PE. MHoraa ucnonbayetcsa TepmuH VSIS,

UNI
MHTepdenc nonb3oBaTens ¢ ceTblo. Touka dumanyeckoro pasgeneHns mexagy obnactsMum oTBETCTBEHHOCTU aboHeHTa u
nposavgepa.

NNI
MHTepdenc mexay cetammn. OnopHasa Toyka, NPeAcTaBnsaowWwas rpaHuly Mexay AByMs ceTamu, paboTalowumm B pasHbixX
aAMUHNCTPATUBHBLIX AoMeHaxX. CeTn MOryT OTHOCUTLCH K OAHOMY UMW pasHbIM NpoBangepam.

Hwxe nepeyvncneHsl ncnonb3yemble B JOKYMEHTE COKpaLLeHus.

BSS

Business Support System - cuctema nogaepxkun busHeca.
BUM

Broadcast, Unknown Unicast, or Multicast - rpynnoBble, HeM3BeCTHbIE MHAMBUAYANbHbLIE U LUMPOKOBELLATENbHbIE (Kaapbl).
CoS

Class of Service - knacc o6cnyxuBaHus.

LAG

Link Aggregation Group - rpynnbl 06 beAMHEHHbLIX KaHaroB.
LLDP

Link Layer Discovery Protocol - npoTokon obHapyXeHus KaHanbHOro YPOBHS.
OAM

Operations, Administration, and Maintenance - akcnnyartauns, agMUHUCTPUPOBaHNE 1 NOAAEPXKKA.
0SS

Operations Support System - cuctema nogaepXxku onepaumi.
PDU

Protocol Data Unit - Moaynb AaHHbIX NpOTOKONa.
QoS

Quality of Service - ka4yecTBO 0bCnyxunBaHNS.

3. MoOdenb cepeuca L2 VPN

Cepsuc VPN yposHsa 2 (L2VPN®) npeactaenseT coGon HaGop caiToB, YNOMHOMOYEHHbIX OOMEHMBATLCSA TPaUKOM Mexay
cobol Yepes 06LLyl0 ceTeByl MHPACTPYKTYpy Ha Gase TexHonormn obuiero HasHadveHus. Moaenb cepsuca L2VPN (L2SM7),
onncaHHas B 3TOM [OKyMeHTe, obecnedmBaeT 6a3oBoe NpeAcTaBreHve O pas3BépTbiBaHMM cooTBeTCTBYOWMX yenyr L2VPN
yepes MHPPaACTPYKTYpy 0bLLEero Nonb30BaHus.

OT1OT fOKYMeHT npeacTtaenseT L2SM Ha ocHoBe a3blka MofenupoBaHust aaHHbix YANG [RFC7950] B kayectBe dhopmarnbHOro
A13blKa, MOHSATHOTO YenoBeKy W NPUrogHoro Ansa pasdopa nporpamMmmamu, ucrnonbayowmmy npotokonsl NETCONF@ [RFC6241] u
RESTCONF [RFC8040].

OT1a mogenb orpaHuyeHa cetamu VPN Ha ocHoBe VPWS n VPLS, kak onucaHo B [RFC4761] n [RFC6624], a Takke Ethernet
VPN (EVPN), onucanHbimu B [RFC7432].

3.1. Tunbi cepBuca L2 VPN

C To4km 3peHnst TexHonormmn 6asosble TMNbl cepuca L2VPN BknoyatoT:
- VPWS «Touka-Touka», ucnonbayrLime nceegonpoBoga ¢ curHanmsaumnen LDP nnn L2TP [RFC6074];
- MHoroTodeudHble VPLS, ncnonsaytoume ncesaonposoga ¢ curHanusaumen LDP vnn L2TP [RFC6074];
- MHoroToveuHble VPLS, ncnone3sytowmne yposeHb ynpaeneHunst BGP, kak onucaHo B [RFC4761] n [RFC6624];
- IPLS?®, aBnstowmeca dyHKUMoHanbHbIM nogmHoxectsoM yenyr VPLS [RFC7436];
- EVPN Ha ocHoBe BGP MPLS, kak onucaHo B [RFC7432] n [RFC7209];
- EVPN VPWS, kak onncaHo B [RFC8214].

3.2. Tononorusa chnsnyeckomn cetn L2 VPN

Ha pucyHke 1 nokasaHa dusnyeckass Tororornst TmnoBov cetu SP. BbonblumHCTBO SP mcnonb3yeT MHMPacTPyKTypy C
MynbTUcepBUCHbIM aapom |IP, MPLS wnu cermeHTHon maplupytusaumm (SR'). Bxogdawme kagpbl L2 oToBpaxatotca B
nceesgonpoBop Ethernet (Hanpumep, PWE3') wunu TyHHenb VXLAN'™ wmexgy ycTpovicTBamu PE. BbliGop MexaHW3MOB
TYHHENMPOBaHUA OCTaETCA 3a NpoBalaepoM U He sBnsieTcst YacTbio L2SM.

L2VPN obGecne4mBaeT CkBO3Hble coeauHeHns L2 yepe3 MHGpacTpyKTypy MynbTUCEPBUCHOIO sigpa Mexay OBYyMsS unu bonee
nnowaakamu aboHeHTa. Yctporictea AC pasmeliatotca mexay CE n PE, o6ecneunas gocrasky kagpoB L2 n3 cetn aboHeHTa

'"Time-Division Multiplexing - MynbTUnNIeKkcMpoBaHue ¢ pasaeneHuemM no BpeMeHM.
2Synchronous Optical Network / Synchronous Digital Hierarchy - cuHxpoHHas onTuyeckast ceTb / CUHXPOHHas LdopoBasi nepapxusi.
3Layer 2 Tunneling Protocol version 3 - npoTokon TyHHenupoBaHus L2, Bepcus 3.
“Media Access Control - ynpaBneHve 4OCTynoMm K cpeae.

SVirtual Switching Instance - ak3eMnnap BUPTyarnbHON KOMMYTaLW.

SLayer 2 VPN.

L2VPN Service Model.

8Network Configuration Protocol - npoTokon HacTpouku KoHUrypaumm ceTu.
°IP-only LAN Service - ycnyru JIBC ¢ noaaepkoi Tonbko npoTtokona IP.
“Segment Routing.

""Pseudowire Emulation Edge to Edge - ckBo3Hasi aMynsLusi NCEBAONPOBOAA.
"2Virtual Extensible Local Area Network - BupTyanbHas paclumpsiemas JIBC.
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yepes ceTb JOCTyna B NPOBaMAEepPCKy0 CETb UNN Ha yAanEHHbIA canT. [paHuMyHasa Touka (T. e., UNI) mexay aboHeHTOM 1 SP
MOXeT pasmeliaTbes (1) mexay ysnamu aboHeHTa u yctponctsom CE wnm (2) mexgy yctponicteamm CE n PE. OnopHoe
coeavHenne mexay CE n PE 6yget onmcaHo B L2SM.

SP MoxeT Takke BblibpaTb Mogenb «b6ecwoBHoro MPLS» anst cosgannst TyHHens PWE3 unun VXLAN mexay catamu.

SP moxeT ucnonb3oBate MP-BGP' ons aBToMaTtMyeckoro oGHapYXeHWs1 U CUrHanm3aummy KOHeYHbIX Touek TyHHenein PWE3
mnn VXLAN.

\ I ( Cers ) I I I 1/
| PE +---+ IP/MPLS/SR +---+ PE +---+ CE |

N R N
/- ( ) e
- ey ( ) \---
Lo ——otmo - !
| C +---+ CE | | | C |
I I -—+-- I
—_— —_———— I PE I —_—

| Canr C

PucyHok 1. OmanoHHas cemb 051 ucronb3o8aHusi L2SM.
OpHako ¢ Touku 3peHusi aboHeHTa Bce ycTpoincTBa CE OyayT coeamHeHbl Yepe3 ummutupyemyto cpegy JIBC, kak nokasaHo Ha
pucyHke 2. LLinpokoseLlaTenbHble U rPyNMnoBble NakeTbl NepeaatTcs BCeEM y4acTHMKaM OOHOro AOMeHa MOCTOB.

CE +---CE

PucyHok 2. L2VPN ¢ moyku 3peHusi aboHeHma.

4. Ucnonb3oeaHue Modesniu 0aHHbIX cepsuca

L2SM o6GecneumBaeT abCTpaKTHbIN MHTEpdEenc Ans 3anpoca, HaCcTPOWKM U ynpaBreHus KoMnoHeHTamu cepsuca L2VPN.
Mogenb npumeHsieTca aboHeHTaMu, npuobpeTaroLLMMN CoeanHeHNs 1 apyrne ycnyrm y SP, ana koMMyHukauuii ¢ atum SP.

TWUNWYHBIM NPUMEHEHNEM 3TOW MOAENN ABMNSETCS BBOA AaHHbIX HA YPOBEHb OPKECTPOBKM, KOTOPbIN OTBEYaeT 3a TPaHCNALMIo
3TUX AaHHbIX B KOHUIYPaLMOHHbIE KOMaHAbl ANeMeHTOB ceTu, obecneunsatonx ycnyrn. CeTeBbiMy ariemMeHTamm MoryT BbITb
MapLIpyTM3aTopbl, a Takke cepsepbl (Hanpumep, AAA?), TpeGyeMble B CETU.

HacTtpoiika KoHUrypaLmm anemMeHToB CETU MOXET BbINOSHATLCSA Yepe3 koMaHaHbIn uHTepdeinc (CLIZ) unu nHomn uHtepdeic
HacTpoViku (toXkHyto rpaHuly - southbound), Takon kak NETCONF [RFC6241] B komMOUHaumm ¢ onpegensemorn yCTponcTBOM U
npoTtokonom mogensto YANG.

3T10T cnocob ncnonb3oBaHMA MOLENWN CepBuca NokasaH Ha pucyHke 3, a bonee nogpobHoe onucaHune npuseaeHo B [RFC8309]
n [RFC8199]. PasgeneHne yHKLUMIN OPKECTPOBKM Ha ypoBHe cepBuca (service orchestrator) n cetn (network orchestrator)
pasbsicHeHo B [RFC8309]. MprumeHeHne 3TON MOOENU cepBuca He McYepnbiBaeTCs NPeACTaBleHHbIM NPUMEPOM, OHa MOXeT
MCMNOmnb30BaTbCS MOOLIM KOMMTOHEHTOM CUCTEMbI YNPaBMEHNS, HO HE HAMPSAMYIO drieMeHTaMn CETU.

MpumeHeHne 1 CTPYKTYpy 3TOM MOAENM crieayeT cpaBHUBaATh ¢ cepBucHon moaensto L3 VPN, onpepenénHon B [RFC8299].

B Metro Ethernet Forum (MEF) [MEF-6] Takke 6bina paspaboTaHa apxutektypa paboTbl CETU M CETEBOrO ynpaBneHusi, HO
pabota MEF oxBaTbiBaeT Bce acnekTbl OPKECTPOBKM XU3HEHHOTO LMKNa cepsuca, Bknodasa onnaty (billing), cornaweHnns o6
ypoBHe o6cnyxuBaHua (SLA*), ynpaeneHve 3akazamu U KM3HEHHbIM LMKIOM cepBuca. PaGoTa IETF Hag mogenbio cepsuca
06bl4HO Bornee KOMNakTHa 1 NpeanaraeT NPocTon, camogocTaTouHbIn Mogynb YANG. MNogpo6HocTtn cm. B [RFC8309].

5. Yempoliicmeo modenu OaHHbIx

CTpykTypa mogenu L2SM nossonsieT npoeainaepy Nepeyncritb MHOXECTBO YCTPOWCTB pasHbIX TUMOB CepBUca ANs OQHOro
aboHeHTa. YCTpONCTBO NPefCcTaBnsieT CKBO3HOE COeANHEHNE MeXay ABYMS U Boriee MecTonomnoXeHUsIM1 aboHeHTa.

Mogynb YANG pasgeneH Ha ABa OCHOBHbIX KOHTelHepa - ycnyrn VPN (vpn-services) n canThl (sites). KoHTeliHep vpn-svc B
nepapxum vpn-services onpegenseT rnobanbHble napameTpbl cepsuca VPN ans koHKpeTHoro aboHeHTa.

CalT umeeT No MeHblle Mepe OOHO MoAKMYeHne Kk cetu (T. e. AOCTyn cainTa B ceTb obecnevmBalolLmMin CBA3b 1 OPYTMMU
caviTamu, Kak ykasaHo B naparpade 5.3.2) 1 MoOXeT UMeTb MHOXECTBO MOAKMNIOYEHUA B MHOrOAOMHOM cny4ae. [NoaknioveHne
canita K ceTu BbIMONHAETCS 4epe3 OMopHoe coeduHeHwe (HocuTenb - bearer) Ha kaHanbHOM ypoBHe (L2). «Hocutenb»

"Multiprotocol BGP - mHoronpoTokonbHbIin BGP.

2Authentication, Authorization, and Accounting - npoBepka NOANUHHOCTK, NPOBEpPKa NOTHOMOYUI, YYeT.
3Command Line Interface - nHTedenc kKoMaHOHON CTPOKU.

“Service Level Agreement.
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| BanpaumBammee cepBUC YCTPOMCTEBO |

|
|
L2sM |
|
I

|

| Mogpens e +
| moCTaBKM e >| Npunoxenne |
| cepBuca I | BSS/0osSS |
| v o ——_—— +

|
+-—————————————— + |
|MeHenxep koOHOMI. | |
Fomm + | Momenmn
| | ycTpomcTs
| |
Cers
+++++++
+ AAA +
+H+++++
++++++++ Onopxoe ++++++++ ++++++++
+ CE A + ——————————- + PE A + + PEB + ---—- + CE B +
++++++++ coepmHeHme ++++++++ ++++++++
Camr A Canr B

PucyHok 3. OmarnoHHas apxumekmypa Onsi ucrionib3ogaHusi L2SM.

MepeBon RFC 8466

OTHOCUTCH K CBOWCTBaM HUXe YPOBHA L2, a «coeanHeHne» K MpPOTOKONbHLIM CBOMCTBaM L2. CoeanHeHne-HOCUTENb MOXET
AnHaMuyeckn BblaensTbes SP, a aboHeHT MoXeT 3agaBaTb HEKOTOpble OrpaHn4eHna ana ynpasneHna MectomMm coeanHeHnA.

MonHoMounss Ha obmeH TpacdmkoM NpenocTaBnalTCsA Ha OcHoBe nonutukn munm Tononormn VPN, koTopas onpeaenser

npaeuna obMeHa MapLUPyTHON MHbopMaLMen Mexay cantamu.

CKBO3HblE MHOMOCErMeHTHbIE COeQUHEHMS MoryT ObITb peann3oBaHbl Ha OCHOBe KOMOBMHAaLMN CBSA3HOCTU Ha YpoBHE CanToB U

CEerMeHToB.

Ha pucyHke 4 nokasaHa obwas ctpyktypa moayns YANG.
module: ietf-12vpn-svc
+--rw l2vpn-svc
+--rw vpn-profiles
| +--rw valid-provider-identifiers
+--rw cloud-identifier* string{cloud-access}?
+--rw gos-profile-identifier* string
+--rw bfd-profile-identifier* string
+--rw remote-carrier-identifier* string
-rw vpn-services
+--rw vpn-service* [vpn-id]

+--rw vpn-id sve-id
+--rw vpn-svc-type? identityref
+--rw customer-name? string
+--rw svc-topo? identityref

+--rw cloud-accesses {cloud-access}?
| +--rw cloud-access* [cloud-identifier]
+--rw cloud-identifier
| -> /12vpn-svc/vpn-profiles/
| valid-provider-identifiers/cloud-identifier
+--rw (list-flavor)?
+--: (permit-any)
| +--rw permit-any? empty
+--: (deny-any-except)
| +--rw permit-site*
| -> /12vpn-svc/sites/site/site-id

+--: (permit-any-except)
+--rw deny-site¥*
-rw frame-delivery {frame-delivery}?

+--rw customer-tree-flavors

| +--rw tree-flavor* identityref

+--rw bum-frame-delivery

| +--rw bum-frame-delivery* [frame-type]

| +--rw frame-type identityref

| +--rw delivery-mode? identityref

+--rw multicast-gp-port-mapping identityref
+--rw extranet-vpns {extranet-vpn}?

|
|
|
|
+_
I
I
I
I
|
|
|
| |

| |

| |

| |

| |

I I

I I

I I

I I

| |

| |

| | -> /12vpn-svc/sites/site/site-id
| +-

| |

| |

| |

| |

I I

I I

I I

I
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| +--rw extranet-vpn* [vpn-id]

+--rw sites

+--rw site* [site-id]

+--rw site-id

+--rw site-vpn-flavor?

+--rw devices

| +--rw device* [device-id]
+--rw device-id string
+--rw location

+--rw management
+--rw transport?
+--rw address?
+--rw management
| +--rw type
+--rw locations
| +--rw location* [location-id]

|
|
|
|
| identityref
|

identityref

| +--rw location-id string
| +--rw address? string
| +--rw postal-code? string
| +--rw state? string
| +--rw city? string
| +--rw country-code? string

+--rw site-diversity {site-diversity}?
| +--rw groups

| +--rw group* [group-id]

| +--rw group-id string
+--rw vpn-policies

+--rw vpn-policy* [vpn-policy-id]

+--rw vpn-policy-id string
+--rw entries* [id]
+--rw id string

+--rw filters

| +--rw filter* [type]

| +--rw type

| +--rw lan-tag*

+--rw vpn* [vpn-id]
+--rw vpn-id

+--rw site-role?

--rw service

+--rw gos {qgos}?

| +--rw gos-classification-policy

| +--rw rule* [id]

+--rw id
+--rw (match-type)?
| +--:(match-flow)
| +--rw match-flow

+--rw (gos-profile)?
+--: (standard)
| +--rw profile?

+--: (custom)
+--rw classes {gos-custom}?
+--rw class* [class-id]
+--rw class-id
+--rw direction?
+--rw policing?
+--rw byte-offset?
+--rw frame-delay
| +--rw (flavor)?
| +--: (lowest)
| |
|

I
I
I
|
|
|
|
|
|
|
|
I
I
+
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
| +--: (boundary)

|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
| +--rw gos-profile
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|

string
identityref

| -> ../../../locations/location/location-id

inet:ip-address

identityref
uint32 {lan-tag}?

| -> /12vpn-svc/vpn-services/
| vpn-service/vpn-id
identityref

string

|

|

|

| |

| | | +--rw dscp? inet:dscp

| | | +--rw dotlg? uintlé

| | | +--rw pcp? uint8

| | | +--rw src-mac? yang:mac-address
| | | +--rw dst-mac? yang:mac-address
| | | +--rw color-type? identityref

| | | +--rw target-sites*

| | | | svc-id {target-sites}?
| | | +--rw any? empty

| | | +--rw vpn-id? sve-id

| | +--:(match-application)

| | +--rw match-application? identityref

| +--rw target-class-id? string

| -> /12vpn-svc/vpn-profiles/
| valid-provider-identifiers/
| qgos-profile-identifier

string
identityref
identityref
uintlé

+--rw use-lowest-latency? empty

|

| | +--rw vpn-id svc-id

| | +--rw local-sites-role? identityref

| +--rw ce-vlan-preservation boolean

| +--rw ce-vlan-cos-preservation boolean

| +--rw carrierscarrier? boolean {carrierscarrier}?

7
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| | | +--rw delay-bound? uintlé
+--rw frame-jitter
| +--rw (flavor)?
+--: (lowest)
| +--rw use-lowest-jitter? empty
+--: (boundary)
+--rw delay-bound? uint32
+--rw frame-loss
| +--rw rate? decimalé64
+--rw bandwidth
+--rw guaranteed-bw-percent decimalé64
+--rw end-to-end? empty
+--rw carrierscarrier {carrierscarrier}?
+--rw signaling-type? identityref

I
I
|
|
I
|
I
[
[
[
I
I
I
+
|
|
I
|
I
[
[
[
I
I
+
I
|
I

--rw broadcast-unknown-unicast-multicast {bum}?
+--rw multicast-site-type-? enumeration
+--rw multicast-gp-address-mapping* [id]
| +--rw id uintlé
| +--rw vlan-id uintlé
| +--rw mac-gp-address yang:mac-address
| +--rw port-lag-number? uint32
+--rw bum-overall-rate? uint32
+--rw bum-rate-per-type* [type]

+--rw type identityref
+--rw rate? uint32

--rw mac-loop-prevention {mac-loop-prevention}?
+--rw protection-type? identityref
+--rw frequency? uint32
+--rw retry-timer? uint32

+--rw access-control-list
| +--rw mac* [mac-address]

| +--rw mac-address yang:mac-address
+--ro actual-site-start? yang:date-and-time
+--ro actual-site-stop? yang:date-and-time
+--rw bundling-type? identityref

+--rw default-ce-vlan-id uint32
+--rw site-network-accesses
+--rw site-network-access* [network-access-id]

+--rw network-access-id string
+--rw remote-carrier-name? string
+--rw type-? identityref
+--rw (location-flavor)

+--: (location)

| +--rw location-reference?
| -> ../../../locations/location/
| location-id
+--: (device)
+--rw device-reference?
-> ../../../devices/device/device-id
--rw access-diversity {site-diversity}?
+--rw groups
| +--rw group* [group-id]
| +--rw group-id string
+--rw constraints
+--rw constraint* [constraint-type]
+--rw constraint-type identityref
+--rw target
+--rw (target-flavor)?

+--:(id)

| +--rw group* [group-id]

| +--rw group-id string
+--:(all-accesses)

| +--rw all-other-accesses? empty
+--: (all-groups)
+--rw all-other-groups? empty

+--rw requested-type {requested-type}?

| +--rw type? string

| +--rw strict? boolean

+--rw always-on? boolean {always-on}?

+--rw bearer-reference? string {bearer-reference}?
--rw connection

+--rw encapsulation-type? identityref
+--rw eth-inf-type? identityref
+--rw tagged-interface
| +--rw type? identityref
+--rw dotlg-vlan-tagged {dotlq}?
| +--rw tg-type-? identityref
| +--rw cvlan-id uintlé

I

I

I

| +--rw priority-tagged

| | +--rw tag-type? identityref
| +--rw ging {qging}?

| | +--rw tag-type? identityref
| | +--rw svlan-id uintlé

| | +--rw cvlan-id uintlé

I

|
|
I
I
I
I
|
+
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
+--rw bearer
|
|
I
I
I
+
|
|
|
|
|
|
|
|
I
I
I
I
|
| +--rw ginany {ginany}?

8 www.protokols.ru


https://www.protokols.ru/

MepeBon RFC 8466

SHuUMKNoneansa ceTeBbIX NpPOTOKOJIOB

| | +--rw tag-type? identityref
| +--rw svlan-id uintlé
+--rw vxlan {vxlan}?
+--rw wvni-id uint32
+--rw peer-mode? identityref

+--rw peer-list* [peer-ip]
+--rw peer-ip inet:ip-address

--rw cvlan-id-to-svc-map* [svc-id]
+--rw svec-id
| -> /12vpn-svc/vpn-services/vpn-service/
| vpn-id
+--rw cvlan-id* [vid]
+--rw vid uintlé
--rw l2cp-control {l2cp-control}?
+--rw stp-rstp-mstp?
+--rw pause?
+--rw lacp-lamp?
+--rw link-oam?
+--rw esmc?
+--rw 12cp-802.1x?
+--rw e-1lmi?
+--rw 1lldp?
+--rw ptp-peer-delay?
+--rw garp-mrp?
+--rw oam {oam}
+--rw md-name string
+--rw md-level uintlé
+--rw cfm-802.1-ag* [maid]

control-mode
control-mode
control-mode
control-mode
control-mode
control-mode
control-mode
boolean

control-mode
control-mode

|

|

|

|

|

|

+--rw untagged-interface

| +--rw speed? uint32

| +--rw mode? neg-mode

| +--rw phy-mtu? uint32

| +--rw 1l1ldp? boolean

| +--rw oam-802.3ah-link {oam-3ah}?

| | +--rw enabled? boolean

| +--rw uni-loop-prevention? boolean

+--rw lag-interfaces {lag-interface}?

| +--rw lag-interface* [index]

| +--rw index string

| +--rw lacp {lacp}?

| +--rw enabled? boolean

| +--rw mode? neg-mode

| +--rw speed? uint32

| +--rw mini-link-num? uint32

| +--rw system-priority? uintlé

| +--rw micro-bfd {micro-bfd}?

| | +--rw enabled? enumeration

| | +--rw interval? uint32

| | +--rw hold-timer? uint32

| +--rw bfd {bfd}?

| | +--rw enabled? boolean

| | +--rw (holdtime)?

| | +--: (profile)

| | | +--rw profile-name?

| | | -> /12vpn-svc/

| | | vpn-profiles/

| | | valid-provider-identifiers/
| | | bfd-profile-identifier
| | +--: (fixed)

| | +--rw fixed-value? uint32
| +--rw member-links

| | +--rw member-link* [name]

| | +--rw name string
| | +--rw speed? uint32
| | +--rw mode? neg-mode
| | +--rw link-mtu? uint32
| | +--rw oam-802.3ah-1link {oam-3ah}?
| | +--rw enabled? boolean

| +--rw flow-control? boolean

| +--rw 11dp? boolean

+

|

|

|

|

|

+

I

I

I

I

|

|

|

|

|

|

+--rw ccm-p-bits-pri?
--rw y-1731* [maid]

ccm-priority-type

| +--rw maid string

| +--rw mep-id? uint32

| +--rw mep-level? uint32

| +--rw mep-up-down? enumeration
| +--rw remote-mep-id? uint32

| +--rw cos-for-cfm-pdus? uint32

| +--rw ccm-interval? uint32

| +--rw ccm-holdtime? uint32

| +--rw alarm-priority-defect? identityref
I

+

+--rw maid string
+--rw mep-id? uint32
+--rw type? identityref
+--rw remote-mep-id? uint32
+--rw message-period? uint32
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| +--rw measurement-interval? uint32
+--rw cos? uint32
+--rw loss-measurement? boolean
+--rw synthetic-loss-measurement? boolean
+--rw delay-measurement
| +--rw enable-dm? boolean
| +--rw two-way? boolean
+--rw frame-size? uint32
+--rw session-type? enumeration
-rw availability
+--rw access-priority? uint32
+--rw (redundancy-mode) ?
+--: (single-active)
| +--rw single-active? empty
+--:(all-active)
+--rw all-active? empty
-rw vpn-attachment
+--rw (attachment-flavor)
+--: (vpn-id)
| +--rw vpn-id?
[ -> /12vpn-svc/vpn-services/
[ vpn-service/vpn-id
| +--rw site-role? identityref
+--: (vpn-policy-id)
+--rw vpn-policy-id?
-> ../../../../vpn-policies/
vpn-policy/vpn-policy-id
-rw service

+--rw svc-bandwidth {input-bw}?
| +--rw bandwidth* [direction type]

| +--rw direction identityref
| +--rw type identityref
| +--rw cos-id? uint8

| +--rw vpn-id? sve-id

| +--rw cir uinté64

| +--rw cbs uinté64

| +--rw eir? uinté64

| +--rw ebs? uinté64

| +--rw pir? uint64

| +--rw pbs? uint64
+--rw svc-mtu uintlé

+--rw gos {qgos}?
+--rw gos-classification-policy
| +--rw rule* [id]

+--rw (match-type)?

| +--:(match-flow)

| +--rw match-flow
+--rw dscp?
+--rw dotlg?
+--rw pcp?

+--rw gos-profile
+--rw (gos-profile)?
+--: (standard)
| +--rw profile?

+--: (custom)
+--rw classes {gos-custom}?
+--rw class* [class-id]
+--rw class-id
+--rw direction?
+--rw policing?
+--rw byte-offset?
+--rw frame-delay
+--rw (flavor)?
+--: (lowest)

|
+--: (boundary)

+--rw (flavor)?

|
|
|
|
|
|
|
I
+_
I
I
|
|
|
|
+_
|
|
|
I
I
I
I
|
|
|
+_
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
|
|
|
|
|
|
|
|
I
I
I
I
| +--: (lowest)
|

|
I
I
I
|
I
+--rw frame-jitter
|
|
I

|

|

|

|

|

|

|

| | svc-id {target-sites}?
I

I
+__

+--rw id string

inet:dscp
uintlé
uint8

+--rw src-mac? yang:mac-address
+--rw dst-mac? yang:mac-address

+--rw color-type-? identityref
+--rw target-sites¥*
+--rw any? empty
+--rw vpn-id? sve-id
: (match-application)
| +--rw match-application? identityref
+--rw target-class-id? string

| -> /12vpn-svc/vpn-profiles/
| valid-provider-identifiers/
| gos-profile-identifier

string
identityref
identityref
uintlé

| +--rw use-lowest-latency?

empty

+--rw delay-bound? uintlé

| +--rw use-lowest-jitter?

10
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[ | | empty

| +--: (boundary)

| +--rw delay-bound? uint32

|

|

| +--rw frame-loss

| | +--rw rate? decimalé64

| +--rw bandwidth

| +--rw guaranteed-bw-percent
|
I
+

| decimalé64
+--rw end-to-end? empty
--rw carrierscarrier {carrierscarrier}?

+--rw signaling-type? identityref

I
I
I
I
I
I
I
I
I
I
+
I
| +--rw multicast-gp-address-mapping* [id]
I
I
I
I
I
I
I
I
+
I
I
I

--rw broadcast-unknown-unicast-multicast {bum}?
+--rw multicast-site-type? enumeration
| +--rw id uintlé
| +--rw vlan-id uintlé
| +--rw mac-gp-address yang:mac-address
| +--rw port-lag-number? uint32
+--rw bum-overall-rate? uint32
+--rw bum-rate-per-type* [type]

+--rw type identityref
+--rw rate? uint32

--rw mac-loop-prevention {mac-loop-prevention}?
+--rw protection-type? identityref
+--rw frequency? uint32
+--rw retry-timer? uint32

+--rw access-control-list
| +--rw mac* [mac-address]

| +--rw mac-address yang:mac-address
+--rw mac-addr-limit

+--rw limit-number? uintlé

+--rw time-interval®? uint32

+--rw action? identityref

PucyHok 4. Obwas cmpykmypa modyns YANG.

5.1. CBoncTBa U UX AOMOJIHEHUe

OnpepenéHHasn B 3TOM AOKYMEHTE MOAENb BKIMYAeT MHOXECTBO OYHKLMI, KOTOpble 06ecneynBaT BO3MOXHOCTb MOAY TbHOWM
peanusauuun. Hanpumep, napametpbl L2 (naparpad 5.3.2.2), npegnaraemble abOHEHTY, MOTYT BKIOYATLCA U BbIKIHOYATLCS C
nomMoLLbio yHKUMIA (BO3MOXHOCTeN). Mofenb Takke onpegensieT HEKOTOpble BO3MOXHOCTW A1 PaCLUMPEHHBIX ONUWIA, Taknx
kak nogaepxka Extranet VPN (naparpad 5.2.4), pasHopogHocTb canTtoB (naparpad 5.3) n QoS (naparpad 5.10.2).

Kak un mHorve gpyrne mogenu YANG, naHHasi Mogernb MOXeT ObiTb OMONMHEHa ANst peanv3aumn HOBbIX BapnaHTOB NOBeAeHWs
Unu cneumanbHbiX BO3MOXHOCTEN. Hanpumep, ata mogenb onpegenseT VXLAN [RFC7348] ana vHkancynsuMyM nakeTos
Ethernet n ecnn unkancynsuust VXLAN He coBcem yaoBneTBopsieT TpeboBaHWUsi cepBuca, MOXHO peann3oBaTb HOBbIE OMLMM
NyTEM OOMNOMHEHUS.

5.2. 0630p cepBuca VPN

AnemeHT cnucka vpn-service cogepxuT 6a3oByto MHpopMaumio o ceperce VPN. DnemeHT vpn-id B cnncke vpn-service 3a0aét
BHYTPEHHIOI CCbINKy Ana pgaHHoro cepBuca VPN. 3ToT uvaeHTUdumKaTop SBNSETCH BHYTPEHHUM [ANs  OpraHusauuu,
oTBevaroLen 3a nogaepxky cepsuca VPN.

Cnucok VPpN-service CoO4ePXUT NepPeYnCrieHHbIE HXKE XapakTepPUCTUKN.

UHpopmayusi aboHeHma (customer-name)
CnyxuT anst uaeHTndunkaumm aboHeHTa (3akas4vumka).

Tun cepsuca VPN (vpn-svc-type)
CnyxuT ans ykasaHua tuna cepsuca VPN. WaeHTudpmkatop fonyckaeT npov3BONbHOE KOAMPOBaHWE ANS NOKanbHOro
agmuHuctpupoBanua ycnyr VPN. Otmetum, 4yto and pacwuvpeHusa 6a3oBoro maeHtudukatopa MOXeT NpUMEHSTbCA
[OMONHUTENbHbINA.

Hocmyn e o6nako (cloud-access)
Bcem cantam B L2VPN cnepyeT no ymonuaHuto nNpegoctaBnaAtb JocTyn B obnako. KoHTtenHep cloud-access copepxuT
npasuna npefocTaBneHns nomHoMounni. [Ons waeHTudMKaummM LeneBoro cepBuca CRyXWT ykasaTenb obnaka.
NoeHTudmrkaTop ABnseTcs NokanbHbIM AMS KaX4oro AoMeHa agMUHUCTPUPOBAHUS.

Tononozus cepesuca (svc-topo)
CnyxuT ans ykasaHusa tpebyemon Tononorum cepsuca VPN.

Cnyx6a docmaeku kadpoe (frame-delivery)
OnpegenseT noagepXkky AoCTaBku kKappos, Tpebyemyto ans L2VPN, Hanpumep, rpynnosasi, WUHAMBMAyanbHas unv
LUMpOKOBeLLaTenbHas goCTaBka.

Extranet VPN (extranet-vpns)
YkasbiBaeT, uTo Ansa koHkpeTHon VPN Tpebyetca goctyn k pecypcam, Haxogswmmes B apyrnx VPN.

5.2.1. Tun cepsuca VPN

MapameTp vpn-svc-type onpepensdeTr Tun cepBuca AnNs npegocTaensemMbix nposavigepom ycnyr L2VPN. Tekyuwas Bepcus
Mogenv NoaaepXnBaeT WeCTb BapUaHTOB:

- VPWS «Tou4Ka-TOuKa» Afis CoeauHeHus ABYX CanToB abOHEHTa;
- VPWS «Tou4Ka-TO4Ka» U «TOYKa-MHOroTouka» Ansi COeAMHEeHNs MHOXeCTBa canToB aboHeHTa [RFC8214];

- MHoroTodeudHble VPLS ans coeguHeHns MHOXeCcTBa canToB aboHeHTa;
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- MHoroToyeyHble VPLS gns coeamHeHnst 0QHOro MM MHOXECTBA KOPHEBbLIX caToB ¢ HabopoM otaeneHun (leaf site),
HO 6e3 CBS3U MeXay 3TVMU OTAeNeHUsMU;

- EVPN[RFC7432] pna coeonHeHns MHOXeCTBa CalToB abOHEHTa;
- EVPN VPWS mexay OBYMS Ui MHOXECTBOM canToB aboHeHTa, Kak yka3aHo B [RFC8214].

Opyrve Tvnbl cepeuca L2VPN MoryT Bkntoyatbesl Yepes gononHeHus. Otmetum, yto cepeuc EPL' unu EVPL? oTHocuTcs k
Tuny E-Line® [MEF-6] unn EVC*, a cepeuc EP-LAN® unm EVP-LAN® - k Tuny E-LAN” [MEF-6] unu mHorotoyeuHomy EVC.

5.2.2. Tononozusi cepsuca VPN

PaccmaTtpuBaemble 3geck Tunel Tononoruu cepsuca VPN MoryT npu Heob6xoQuMOCTM MCMONb30BaTbCs AN HACTPOWKK
KoHurypaumm. OnvcaHHbIM B JOKYMEHTe MOAynb NoaaepXvuBaeT NOMHOCBA3HbIe coeauHeHus (any-to-any), 3se3gy (Hub-and-
Spoke, rgoe KoHUeHTpaTopbl MoryT obmenuBaTbesi Tpadmkom) u Hub-and-Spoke Disjoint (KoHUeHTpaTopbl He MoryT
obmeHuBaTbca Tpadukom). HoBble BapumaHTbl TOMonorMv MoOryT OblTb peanu3oBaHbl B [OMNOfnHeHusax. 1o ymonyanuio
npuMeHsieTcs Tononorus any-to-any.

5.2.2.1. BbigeneHnue RT

OcHoBaHHble Ha PE ycnyrm L2 VPN (takve kak VPLS n EVPN c npumeHeHnem BGP B kayecTBe curHanbHOro npoTtokona)
MOTYT CTPOWUTLCS C UCMONb3oBaHWeEM Lenei MapLupyToB (RT®), kak onucaHo B [RFC4364] n [RFC7432]. MNpeanonaraeTcs, 4To
cucTema ynpasrieHus aBTomaTnyecky Bolgenset Habop RT npu nonyveHun 3anpoca Ha opraHu3aumio cepsuca VPN. Crnoco6
BbigeneHns RT cuctemon ynpasreHusi BbIXOQUT 338 paMKu AOKYMEHTa, HO MOXHO NpeaycMOTPEeTb HECKONIbKO BapuaHTOB, Kak
onucaHo B naparpacde 6.2.1.1 [RFC8299].

5.2.2.2. Kaxxgbin ¢ KaxabiMm (Any-to-Any)
e et +
| VPNl Site 1 ------ PE1 PE2 ------ VPN1 Site 2 |

I I
| VPNl_Site 3 ------ PE3 PE4 ------ VPN1_Site 4 |

PucyHok 5. Tononoeusi cepsuca Any-to-Any VPN.
B Tononorun cepsuca VPN «any-to-any » Bce caitel VPN MoryT B3anmoaencTeoBaTe Mexay cobor 6e3 orpaHmyeHnii. B atow
MoAenu npegnonaraeTcs, YTO CUCTEMa ynpasreHus, nofydarolas 3anpoc Ha opraHusauuio cepsuca any-to-any L2VPN,
Ha3HaunT, a 3atem HacTtpouT MAC-VRF n RT Ha cooTBeTcTBYtoLMX ycTporictBax PE. [ns nonHOCBA3HOW ToNonorni B obLem
cnyyae TpebyeTcs ogHo 3HadeHne RT n kaxgas Tabnvua MAC-VRF umnopTupyeT 1 aKcnopTupyeT aTo 3HadeHue RT.

_______________________________________________________________ +
| Hub Site 1 ------ PE1 PE2 ------ Spoke Site 1 |
I o - +
| |
I et e L e +
| Hub _Site 2 ------ PE3 PE4 --——-—- Spoke Site 2 |
o - +

PucyHok 6. Tononoeusi cepsuca Hub-and-Spoke VPN.
B tononornm cepsuca VPN Hub-and-Spoke

- BCe canTbl-nyyn (Spoke) MOryT B3aMOAENCTBOBaTb TOMbLKO C CakTaMu-KOHLeHTpaTopamu (Hub), T. e. nyun He moryT
B3aMMOLEeNCTBOBaTbL Mexay cobol;

- KOHLUEeHTpaTOopbl MOTyT B3aMMOLENCTBOBaTb Mexny cobor.

B aTon mopgenu npegnonaraeTcs, YTO CUCTEMa ynpaBneHns, Nony4yMBLLIasi 3anpoc Ha opraHusauuio cepsuca Hub-and-Spoke
L2VPN, Ha3HauuT, a 3ateM HacTpout MAC-VRF n RT Ha cooTBeTcTBYytOLWMX ycTporictBax PE. Ona Hub-and-Spoke o6bi4HO
HY>XHbl OBa 3HayeHust RT (ogHo ana Hub-mapuwpyTos, gpyroe ans Spoke). Tabnuua Hub MAC-VRF, nogkntoyatowas Hub-
canTbl, 6ygeT akcnoptmpoBatb Hub-mappyTsl ¢ Hub RT n umnoptmpoBaTtb Spoke-mapLupyTel Yepes Spoke RT. ByayT Takke
umnopTupoBaTtbess Hub RT ans nopgaepxku kommyHukaumii mexxagy Hub-cavitamn. Tabnuua Spoke MAC-VRF, nogkntoyatolas
Spoke-cawTbl, ByaeT akcnoptupoBaTh Spoke-mapLupyTsl co Spoke RT u nmnoptuposats Hub-mapwipyTel Yepes Hub RT.

5.2.2.4. Hub-and-Spoke Disjoint

et +

| Hub Site 1 ------ PE1l PE2 ------ Spoke Site 1 |

R - 4 Fmmmm o - +
I

e e e + - +

| Hub_Site 2 ------ PE3 PE4 ------ Spoke Site 2 |

T et e L e e +

PucyHok 7. Toronoeusi cepsuca Hub-and-Spoke-Disjoint VPN.
B Tononorum cepsuca VPN Hub-and-Spoke-Disjoint

'Ethernet Private Line - yacTHas nuHus Ethernet.

2Ethernet Virtual Private Line - BupTyanbHas yactHas nuHust Ethernet.
SEthernet Line - nuHua Ethernet.

“‘Ethernet Virtual Circuit - BupTYyanbHon yctpoiicTso (kaHan) Ethernet.
SEthernet Private LAN - yactHas JIBC Ethernet.

SEthernet Virtual Private LAN - BupTyansHas yacTtHas JIBC Ethernet.
’Ethernet LAN - JIBC Ethernet.

5Route Target.
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- BCe canTbl-nyyn (Spoke) MOryT B3avMOAENCTBOBaTL TOMbLKO C cavTamu-KOHUEeHTpaTopamu (Hub), T. e. ny4n He moryT
B3aMMOAENCTBOBATbL Mexay Cobo;

- KOHLIEeHTpaTopbl HE MOryT B3aMMOAeNCTBOBaTbL Mexay coboi.

B aton mogenu npepnonaraeTcs, YTO cMCTeEMa ynpaBrieHusi, MonyyMBLUast 3anpoc Ha opraHu3auuio cepsuca Hub-and-Spoke-
Disjoint L2VPN HasHauuT, a 3atem HacTpouT VRF n RT ansi cootBeTcTBytowmx yctponcts PE. B cnyyae Hub-and-Spoke-
Disjoint TpebyeTca no MeHblien Mmepe ABa 3HaveHus RT (xoTs 6bl ogHO Anst Hub-mapuipyToB 1 xota 66l ogHo ansa Spoke).
Tabrnuvua Hub VRF, nogkntovatowas cantel Hub, 6ynet akcnopTtupoBaTe Hub-mapwpyTel ¢ RT 1 umnoptupoBatb Spoke-
MapLupyTbl Yepe3 Spoke RT. Tabnuua Spoke VRF, nogkntodatowias cantel Spoke, 6yneT akcnoptupoBaTh Spoke-mapLupyThl
co Spoke RT u umnoptuposaTb Hub-mapLwpyTsl Yepes Hub RT.

CucTtema ynpasneHns AoMmKHa y4YuTbiBaTh orpaHMyeHns ansa coeguHeHnn Hub-and-Spoke kak B npeabigyLuem cnyyae.

Tononoruto Hub-and-Spoke Disjoint MmoxHO paccmaTtpuBaTb kak MHOxecTBO Hub-and-Spoke VPN (ogHa ceTb Ha Hub),
ucnone3yowmnx obwmi Habop cantoB Spoke.

5.2.3. Jocmyn k obnaky

OTa Mogenb npeanonaraeT HAaCTPOMKY AOCTyna k obnaky yepes koHTenHep cloud-access. Mcnonb3oBaHue KoHTenHepa cloud-
access HaueneHo Ha 4ocTyn k obnayvHbiv criyk6am obuero nonb3oBaHus u B Internet. KoHTtenHep cloud-access obecneynBaeT
napamMmeTpbl NpaBun NpeaocTaBneHns nonHomMoumin. OTMETUM, YTO B 3TOW MOAENM NpeanonaraeTcs Hekas obLHOCTb AoCcTyna
k obnakam obLuero nonb3oBaHusa u cetu Internet, noatomy Takue BapuaHTbl AOCTyna He pasnuyatoTcs. MNpu HeobxoanMocTh
Ansa pgoctyna B Internet MoXHO [06aBUTL OTAENbHYIO METKY NYTEM AOMOMHEHUS.

JocTyn K YacTHbIM obrakaM MOXHO OpraHuM3oBaTb Yepe3 KOHTEMHep site, kak onvcaHo B naparpade 5.3, ¢ ucnonb3oBaHNeM
COBMECTMMOrO C canToM Tuna uHtepdgenca NNI.

WaeHTtndoukatop obnaka CNy>XuUT ONnA YyKasaHuA ueneBoro cepsuca. OTOT uMaeHTMdUKATOp ABNSETCA NoKanbHbIM A1
agMUHUCTPATUBHOIO AOMEeHa.

Mo ymonuanuio BceM cantam B L2VPN cnepyet paspewats goctyn B obnako nnu Internet. Ecnu tpebytotca orpaHmyeHus,
nonb3oBaTefb MOXEeT HAacTPOUTb HEKOTOpble OrpaHWMyYeHust Ans OTAeNbHbIX CaWTOB WM y3MOB C NMOMOLLbIO Mpaswn, T. €.
nucta-cnucka permit-site unu deny-site. Jluct-cnmucok permit-site onpegenseT cnMCok CanWToB, MMEKLUX MOSTHOMOYMS OIS
pocTtyna k obnaky, deny-site onpegenseT cawTbl, KOTOPbIM AOCTYN 3anpeléH. Mogens nogaepxvsaeT BapuaHTel deny-any-
except (3anpeT BCeM Kpome ...) n permit-any-except (paspelnTb BCEM KPOME ...).

HacTpoWka orpaHMyYeHnin B CETEBLIX NIEMEHTaX BbIXOAUT 38 paMKu AOKYMEHTa.

L2VPN

FhHE R FhHE
+ Canr 3 + --- + O6maxo 1 +
+ Caitr 1 + FHHH
+ +

+ Caitr 2 + ommm R
+ + + Internet +
+ Caiir 4 + o e

B B B B s S e
|
+Ht b
+ OB6mako 2 +
+Htt b+

PucyHok 8. lNpumep koHgbuaypayuu docmyna 8 0bnako.
Ha pucyHke 8 nokasaH npumep VPN c rnobanbHbiM goctynom B Internet nytém cospaHus koHTeliHepa cloud-access,
yKasblBaloLWero naeHTMdukaTop KoHTerHepa Ans goctyna B Internet (cm. npuBepéHHbin Huxe kog XML [W3C.REC-xml-
20081126]). YNONHOMOY€EHHbIX CalTOB He 3afaHo, NOCKoNbKy A0CTyn B Internet HyxxeH Ans BCex canTos.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>123456487</vpn-id>
<cloud-accesses>
<cloud-access>
<cloud-identifier>INTERNET</cloud-identifier>
</cloud-access>
</cloud-accesses>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
</12vpn-sve>
Ecnn Caiitam 1 1 2 HyxHo goctyn B O6bnako 1, co3gaércs HoBbI KOHTeNHep cloud-access ¢ uageHTngukatopom Obnaka 1.
Jlnct-cnucok permit-site B Hem ykasbisaet Cantbl 1 1 2.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>123456487</vpn-id>
<cloud-accesses>
<cloud-access>
<cloud-identifier>Cloudl</cloud-identifier>
<permit-site>sitel</permit-site>
<permit-site>site2</permit-site>
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</cloud-access>
</cloud-accesses>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
</12vpn-sve>
Ecnu Bcem cantam kpome Cawita 1 HyxeH pgoctyn B Obnako 2, co3gaértca koHTenHep cloud-access ¢ naeHTudumkatopom
O6naka 2, B KOTOPOM NUCT-cnucok deny-site yka3sbiBaeT Caut 1.

<?xml version="1.0"?>
<l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>123456487</vpn-id>
<cloud-accesses>
<cloud-access>
<cloud-identifier>Cloud2</cloud-identifier>
<deny-site>sitel</deny-site>
</cloud-access>
</cloud-accesses>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
</12vpn-sve>

5.2.4. Cemu Extranet VPN

B HekoTopbix cny4yasix otaenbHeiM VPN Hy)XeH OOCTyn K BHELWHMM pecypcam (CepBepbl, XOCTbl U T. N.). DTN pecypcbl MOryT
pasmellaTbcs B agpyron cetn VPN.

oo + oo +
/ \ / \

Casir A -- | VPN A | -—= VPN B | --- CamT B
\ / \ / (oBupre
tommm + tommm + pecypcsl)

PucyHok 9. lNpumep obuwjezo pecypca VPN.

Kak nokasaHo Ha pucyHke 9, VPN B umeet Ha Cante B otgenbHble pecypcehbl, KOTOpble AOMKHbI ObiTb OCTYMHbI HEKOTOPbLIM
aboHeHTam/napTHépaM. B yactHocTn, ana VPN A pormkeH obecneunBaTtbcs 4ocTyn K aTum pecypcam VPN B.

Takve BapuaHTbl cBasn mexay VPN MoryT ObiTb peanmsoBaHbl Ha ocHoBe nonutukn VPN, kak onvcaHo B naparpadge 5.5.2.2.
OpaHako B HEKOTOpPbIX NPOCThIX cryyasix otaenbHor cetn VPN (VPN A) HyxeH goctyn ko BceM pecypcam gpyron VPN (VPN B).
Mogenb obecneumBaeT NpocToi cnocob Takoro coeauHeHns 3a CHET NCMONb30BaHUSA KOHTeHepa extranet-vpns.

KoHTerHep extranet-vpns onpegensiet cnucok VPN, k koTopblM 3agaHHasa ceTb VPN xoyeT nonyyntb goctyn. KoHTenHepsl
extranet-vpns ucnonb3ytoTca B aboHeHTckux VPN, Tpebytowmx goctyna k pecypcam gpyrux VPN. Ha pucyHke 9 ans
npepoctasnenns VPN A poctyna B VPN B HyXHO HacTpouTb KkOHTelHep extranet-vpns gna VPN A c 3anucbio,
cootBeTcTBytoenn VPN B. Hactpoek cepsuca ans VPN B He TpebyeTcs.

CnepyeT O0TMeTUTb, YTO He TpebyeTca HacTpamBaTb kKoHdurypaumio VPN B, ecnu B VPN A ata VPN B yka3aHa kak BHeLLHAS
ceTb (extranet). Bce cantel VPN B 6yayT goctynHel Bcem cantam VPN A.

Jlnct site-role ykasbiBaeT ponb nokaneHbIx cavitoB VPN B Tononornn cepsuca extranet VPN. OnpeaeneHns ponew npuseaeHsl
B naparpade 5.4.

B npuBenénHom Hmxe npumepe VPN A obpawaetcsa k pecypcam VPN B yepes coeamHenne extranet. Ana cantos VPN A
Hy>XHa porb Spoke, NOCKONbKY 3TMM CalTaM He paspeluaeTcs B3aMMogencTBOBaTh Mexay cobor Yepes coegnHeHmne extranet.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>VPNB</vpn-id>
<svc-topo>hub-spoke</svc-topo>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
<vpn-service>
<vpn-id>VPNA</vpn-id>
<svc-topo>any-to-any</svc-topo>
<extranet-vpns>
<extranet-vpn>
<vpn-id>VPNB</vpn-id>
<local-sites-role>spoke-role</local-sites-role>
</extranet-vpn>
</extranet-vpns>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
</12vpn-sve>
OT1a mMoaernb He onpegendaet cnocoboB cosaaHus KOHCbVIpraLI,VIVI extranet B ceTn.
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B nobom Gonee cnoxHom BapuaHTe coeamHeHu mexay VPN (Hanpumep, goctyn nuwb HekoTopbix canToB VPN A Tonbko K
HekoTopon vactu cantoB VPN B) Tpebyetca npucoeanHeHne VPN, onncaHHoe B naparpade 5.5.2, 1, B 4aCTHOCTW, NonuTuka
VPN, onncaHHas B naparpace 5.5.2.2.

5.2.5. Ycnyau docmaeku Kadpoe

Ecnn ana L2VPN nogaepxvBaeTcst JoCTaBka MHAMBMAYAsbHbIX KaApOB C HEM3BECTHbIMM agpecamu, a Takke rpynmnoBbIX U
LwmpokoBeLLaTensHbIXx kagpoB (BUM), npu 3anpoce cepBuca noTpebyeTcsi yka3aTb HekoTopble rnobanbHble napameTphbl
pocTtaBkn kagpoB. Korgpa CE nepepaért naketsl BUM, Ha BxogHom PE BbINonHseTcss pennvkauus u Heobxoaumo
nogaepXxveaTb TpY TUNa Kagpos.

Monb3oBaTenu aTo MoA4Eenu A0MKHbI 06ecneyYnTb BapuaHTbl AepeBbEB, KOTOpble OyaAyT npumeHaTbes aboHeHTamun B L2VPN
(customer-tree-flavors). OnpegenéHHas B AOKYMeHTe Mofernb NoaAepXxuBaeT AByHanpasneHHble (bidirectional), coBmecTHO
ucnonos3yemble (shared) n ocHoBaHHble Ha WCTOYHMKE (source-based) aepeBbs, a C MOMOLIBI AOMOSHEHWUA MOryT
nogaepxmeatbcsa gpyrue tunbl. OAHOBPEMEHHO MOXET UCMNOMNb30BaTbCA MHOXECTBO TUMNOB AEePEBLEB.

CeTr omepaTopa

/ \
| |
| |
Recv -- CauT 2 ----—--- PE2
| PEl --- Canr 1 --- HcTouHmk 1
| | \
| | -- UcTOUHMK 2
| |
| |
Recv -- Canr 3 ------- PE3
| |
| |
Recv -- Canr 4 ------- PE4
/| |
Recv -- Caur 5 ------- | |
| |
| |
\ /

PucyHok 10. lNpumep ycnyes docmasku kadpos BUM.

OTtobpaxeHuss multicast-rpynn Ha nopTel MOryT GbiTb CO3[AaHbI C UCMONb30BaHWEM NUCTa rp-group-mappings. MNoaaepxuBaeTcs
ABa MeToaa oTobpakeHus:

- cTaTuyeckas HacTponka rpynnosbix agpecos Ethernet n noptos (MHTepdericos);

- MpOTOKON YynpaBneHus rpynnoBoW agpecauneri Ha OcHoBe TexHornorun L2, obecneuvBaiowient curHanusaumio
COMOCTaBMNeHUs rPynMnoBbIX aapecoB ¢ nopTamu (MHTepdercamu), Takor kak GARP'/GMRP? [IEEE-802-1D].

5.3. O630p canTtoB
Cant npepactaBnsieT cobon nogknoveHne nnowankm aboHeHTa K ogHou unu MHoxecTsy ycnyr VPN. Kaxabin caiT moxet
ObITb CBSA3aH C OHOWN UIMM HECKONbKUMU NIowagkamMu.

oo +
/ \
+--m - | VPN1 |
$mmmmmm e + | \ /
| . I | T +
| Opmc B HeNO-MOpKE |-=----- (cair) ----- +
I | | fomm o +
e + | / \
=== | VPN2 [
\ /
oo +

PucyHok 11. Ogpuc aboHeHma ¢ d8yms ycnyeamu VPN.
MpoBanaep ucnonb3yeT KOHTeNHep site ANA XxpaHeHust HpopmaLmn ¢ NoApobHbLIM onucaHMeM cornalleHin ¢ aGoHEHTOM unm
onepatopamu-napTHepaMmn NS Kaxaon Touku npucoeanHeHus (interconnect location).

Mel orpaHnymBaem L2SM BHelHMMM uHTepdecamm (T. e. nHtepdericamu UNI 1 NNI), nockonbky BHYTpeHHME UHTEPdENCHI 1
6a3oBasi TONONOrns BbIXoAAT 3a paMku L2SM.

O6bI4HO B opraHun3auunn cepemca HyXXHO JOKYMEHTMPOBaTb NepeyvYnUCneHHbIe HMXEe XapaKTepUCTUKU nHTepderica canta.

YHukanbHbIl udeHmudgbukamop (site-id)
lMpousBonbHas CTpoKa, OOHO3HAYHO YKasbiBaklwas caWT B obuwien ceteBon UHpacTpyktype. Popmat site-id
onpepensaeTcy nokanbHbIM agMuHucTpaTtopom cepsuca VPN.
Ycmpoicmeo (device)
ABGOHEHT MOXEeT 3anpoCcuTb NOAKIMIOYEHNE O4HOMO UM MHOXecTBa ycTporncte CPE k SP ans otgensHoro cavra.
YnpaeneHue (management)
OnpegenseTt Mogenb ynpaeneHus ong cavta. Hanpumep, Tun, TpaHCMOPT CUCTEMbI yNpaBneHns, agpec. 3T napameTpsbl
3apaloT rpaHuuy mexay SP u aboHeHTOM, T. €. BnageHue yctpoinctsom CE.
MecmononosxeHue (location)
MHbopmaLums 0 MmecTe pacnonoXeHusi canta, No3BONAKLLAsA NErko oTbickaTh AaHHbIE 0 DnvkakLMX OCTYMNHbIX pecypcax.

'Generic Attribute Registration Protocol - 6a30Bbli1 NpOTOKON perucTpauumn aTpubyToB.
2GARP Multicast Registration Protocol - npotokon peructpauum rpynn GARP.
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Omnuyus catima (site-diversity)

MpencraBnseT Te Ny uHble napameTpbl ANS NOAAEPXKKN pa3HOOOpasHbIX CanToB.
Hocmyn catima k cemu (site-network-accesses)

Yka3blBaeT CMUCOK MOPTOB 418 calTa U X CBOMCTBA, B YAaCTHOCTM NapameTpbl HocuTtens (bearer), coegMHeEHMs 1 cepBuUca.
OO6bekT site-network-access npeacraensaeT normveckoe coeguHeHne Ethernet gns caita. Cait MOXeT MMeTb MHOXECTBO Site-
network-access.

|

| | ¥****x*x (sjte-network-access#l) ***xx*
| Obmc B HeHO-Mopke |

| | ***x**x*x (sjte-network-access#2) ***rxx*
|

PucyHok 12. []lea o6bekma Site-Network-Access 0ns catima.
MHoxecTBo site-network-access ncnonbayeTtcs, Hanpumep, NPY MHOrOAOMHbIX MOAKMIOYEHUSX Y B HEKOTOPLIX APYrMX Cry4vasX.

KoHdurypaums cainta npepacrtaBnsieTcs rnobanbHbIM 3IEMEHTOM, MpeanonaraeTcsi, Y4TO pofib CUCTEMbl yNpaBreHus
3aKMOYaeTcs B pasferneHMn napaMeTpoB Mexay pasHbIMU 3fieMeHTaMu BHYTpu ceTu. Hanpumep, B cnydae KoHdurypaumm
site-network-access cuctema ynpasneHus JOIKHA pa3genutb napaMeTpbl KoHdUrypauum mexay yctponctsamu PE u CE.

Cant MoxeT MMeTb OQHOAOMHOE MM MHOrOAOMHOe nogkmnoyeHne. Bo BTopom cnyyae caT MOXeT nogaepXvmBaTb MHOXECTBO
site-network-access, B Kaxxgom M3 KOTOPbIX onpegensetcs anemeHT vpn-attachment (nogknioyenne k VPN), ceaAsbiBaowmi
site-network-access ¢ gaHHbIM canTom, a Takke ykasbiBaowuin cetb VPN, K KOTOpoW canT ByaeT NoAKMYEH.

5.3.1. Yempoliicmea u nnowadku

MHdopmauma B cybkoHTenHepe location koHTewHepa site n B KoHTelHepe devices NO3BOMSET ferko OTbiCKaTb AaHHblE O
OnvKanmMx OOCTYMHbIX TOYKaX MOAKIMIOYEHUS U MOXET NPUMEHATLCS AN NnaHupoBaHus Tononorum goctyna. OHa moxeT
TaKKe MCMonb3oBaTbCA APYIMMU KOMMOHEHTaMn OpKecTpoBKM ceTu Ans Bblibopa Bocxopsuwero PE u Hucxopgswero CE.
MecTononoxeHne ykasbiBaeTCsa B TepMMHAX MOYTOBOWM agpecauun. bonee nogpobHble CBeAEHUS O MeCTe PacnofioKeHUs
MOXHO yKa3aTb C MOMOLLIbIO AOMNOMHEHWIA.

CaiiT MOXeT BKMoYaTb MHOXECTBO MIOWAA0K M BCe Takue MIoLlafKkyM HYXHO yKas3aTb B KOHTewHepe locations u cnucke.
TUNUYHBIM NPUMEPOM CalTa C MHOXECTBOM MNIOWAA0K SABMSETCS LEeHTparnbHbli oduc B ropode, PacrnofioXeHHbI B
HECKONbKMX 34aHMAX. DTN 34aHUst MOryT pa3MeLLaTbCs B pasHbiX YacTax ropoga v MoryT ObiTb COeAUHEHbI BHYTPUTOPOACKUMN
onTu4eckuMun NHusiMM. Mogenb He NPeACTaBnseT COEAMHEHUST MeXAY Niowaakamn canta, NOCKONbKY OHU KOHTPONMPYOTCS
aboHeHTOM. B Takmx cnyyasx npu 3akase ycnyr VPN aGoHeHT MoOxeT 3anpocuTb MHOrMOAOMHOE MNOAKMOYEeHWEe B CBOUX
30aHUSX.

Caitr B Heio-Hopkxe

- + Canr

| - + |-
| | MamxsTren | |****** (site-network-access#l) ******
| +-————————————- + |

| +-————————————-= + |

| | Bpykaux | |****** (site-network-access#2) **x***
| 4= + |-
e +

PucyHok 13. [ea catima, dsa Site-Network-Access.
ADBOHEHT MOXET Takxe 3anpoCcuTb UCMONb30BaHNe HEKOTOPLIX anemeHToB obopynosaHus (CE) y SP yepes koHTelHep devices.
[ns sanpawwusaembix CE npegnonaraetcsa ynpaeneHne co CTOPOHbI NpoBanaepa nunm CoBMecTHoe yrnpasneHne. MoxeT GbiTb
3anpoLleHO KOHKPETHOE YCTPOWCTBO ANS KOHKPETHOM, YKe BKMOYEHHOW B KOHurypaumio nnowagku. 1o nossonut SP
OTNpaBUTb YCTPOMCTBO MO yKaszaHHOMY NOYTOBOMY agpecy. [ina canta ¢ MHOXECTBOM MnoLwagok aboHEHT MOXET, Hanpumep,
sanpocute CE Ha kaxgyw nnowagky, rae tpebyetca MHOrogoMHoe noakntoyeHne. B npumepe Ha pucyHke 13 ogHo
YCTPOMCTBO MOXET ObITb 3anpoLleHo ANng nnowagkn Ha MaHxaTTeHe, gpyroe - Ans nnowanki B bpyknuHe.

Mcnonb3ys koHTelHepbl devices u locations, aGoOHEHT MOXET BNUATb Ha OpraHM3aLui MHOFOAOMHOMO MOAKMYEHUST - OOHO
yctpovicteo CE, gpga CE u 7. Aa.

5.3.2. Jlocmyn caiima e cemb

L2SM BkrtovaeT BaxHbIi Habop CBOMCTB huanyeckux MHTepdencoB 1 xapaktepuctuk ypoBHst Ethernet B koHTelnHepe site-
network-accesses. HekoTopble U3 HUX SBMSAOTCA BaXHbIMW MapaMeTpaMu peanusaunv, KOTopble AOMKHbI ObiTb COrnacoBaHbl
mMexay aboHeHTOM 1 NpoBangepoMm.

Kak oTmeuyeHO Bbllle, CanT MoxeT ObiTb MHOroAOMHbIM. Kaxgoe rnornyeckoe MOAKMIOMEHUE ANA canTa onpegensiercs
KOHTeHepoMm site-network-accesses. lMapameTp site-network-access onpegensietr cnocob NOAKNOYEHUs cawTa K CeTu U
BKIIOYAET TPU OCHOBHbIX Knacca napamMeTpoB:

- bearer onpepenseT TpeboBaHNS K NOAKMIOYEHMIO (HWKE YyPOBHS L2);

- connection onpegenseT napameTpbl L2 ona nogknoveHus;

- availability onpegensieT nonntuKy AOCTYNHOCTW CanTa B COOTBETCTBUM C onpegeneHnsmu naparpada 5.8.
MapameTp site-network-access nmeeT KOHKPETHbIV TUM. [JaHHbI AOKYMEHT onpegenseT 2 Tuna:

- point-to-point - coegnHeHne Tuna «To4ka-Touka» mexagy SP 1 aboHeHTOM;

- multipoint - MHOroTo4yeuHoe coeguHeHve mexay SP 1 aboHeHTOM.

Tun site-network-access MoxeT BnNuUATbL Ha NapameTpbl, NpeafaraeMble aGoHeHTy. Hanpumep, SP MoxeT He npegnaratb
npegoctaeneHne 3sawuTel oT netenb MAC npu MHorotoyeyHoM pJoctyne. [poBailgep caM MpUHUMMAaET pelleHue o
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nogaepxvMBaeMbIx napameTpax gocTyna ansa point-to-point n/wnu multipoint. MHOroToyeuHbIi 4OCTYN BbIXOOUT 3@ pPaMKu
AOKyMeHTa. HekoTopble KOHTEeWHepbl, onpedenéHHble B 3TOW Mogenu, MoryT noTpeboBaTb pacluMpeHus ONA KOPPEKTHOW
paboTbl NPM MHOTOTOYEYHOM AOCTYyNe.

5.3.2.1. KoHTenHep bearer
KoHTeliHep bearer onpenensieT TpeboBaHus ANs NOAKMOYMEHUs caiTa (HUXe ypoBHs L2) k ceTn npoBaiiaepa.

MapameTpbl bearer nomoratoT onpeaenyTb TUN UCNONb3yeMON AN AOCTyNa cpeabl nepeaaydu.

5.3.2.2. KoHTelHep connection

KoHTeliHep connection onpegensieT NpoTokonbHble napameTpbl L2 ana nogkniodenuns (Hanpumep, vlan-id wnu circuit-id) un
obecneyvmBaloT CBSA3HOCTb Mexay aboHeHTckuMmu kommyTaTtopamu Ethernet. B 3aBMcMMOCTM OT pexuma ynpaBieHUs OHU
oTHOCATCS K agpecaumun cermeHTa «PE-CE-NIBC» unu «CE-NNBC aboHeHTa». B nwbom crnyyae OHM OnuCbIBalOT rpaHuLy
pasgeneHus OTBETCTBEHHOCTM Mexay aboHeHTOM M npoBangepoM. [Ons ynpaBnsiemMoro aboHeHTOM caiTa napameTpbl
OTHOCATCS K cermeHTy coeanHeHust «PE-CE-JIBC», a ans ynpaensiemoro nposangepom - k cermeHty «CE-JIBC aboHeHTa».

MapameTp encapsulation-type nossonsieT aboHeHTy BbIGpaTh MHkancynsaumio Ethernet (goctyn no noptam) nnm Ethernet VLAN
(noctyn no VLAN). Bce paspeluéHHble Tunom nHtepderica Ethernet (Hanpumep, ¢ Teramu, 6e3 teros, LAG) cepsucHble kagpbl
MoryT 6bITb ykasaHbl B ether-inf-type.

B cooTtBeTcTBUM C ether-inf-type koHTenHep connection npeacTaBnseT Takke Tpy Habopa aTpMbyTOB kaHana Ana uHTepdencos
c Teramu 1 6e3 Teros, a Takke HeobsasaTenbHOro MHTepdenca LAG. 3T napameTpbl BaXHbl ANsi KOPPEKTHON OpraHv3aumu
coeavHeHna mexay yctpoictBamu CE u PE. KoHTeliHep connection onpegenseT Takke aTpubyt L2CP', o6ecneunsatowmii
NPOTOKOJIbHOE B3aMMOAENCTBUE Ha YPOBHE yrpaBreHus mexay yctponctsamu CE n PE.

5.3.2.2.1. UnTepcheiic 6e3 Teros

[ns kaxporo nHtepdeinca 6e3 teros (untagged-interface) nmetotcs 6a3oBble NapameTpsbl, Takne Kak MHAEKC n ckopocTts, MTU,
HaCTPOWKN aBTOCOrNacoBaHWA W YNpaBfeHUs MOTOKOM [AaHHblX U T. N. B AononHeHMe K 3TOMy Ha OCHOBE B3aUMHOrO
cornaweHns mexay aboHeHTOM M MpoBarAepoM MOTYT YKasbiBaTbCs OOMOMHUTENbHbIE BO3MOXHOCTM - LLDP, IEEE 802.3ah
[IEEE-802-3ah] nnu obHapyxeHue/npegoTtepalwlieHne netens MAC Ha uHTepderice UNI. Ecnn tpebyeTtcs npepoTtspalleHve
netenb, ansa atpubyTa uni-loop-prevention 4OMKHO ObITb YCTAHOBMNEHO 3HaYeHue true.

5.3.2.2.2. UHTepchenc ¢ Teramu

Ecnn Ha normyeckom mopyrne coegMHeHUs AN MHTepdenca BKMIOYeHbl YCryru ¢ Teramu, B kayecTBe encapsulation-type
cnepnyert ykasblBaTb uHkancynaumo Ethernet VLAN (npu pa6ote Ha ocHoBe VLAN) unun VXLAN, a Takke cnegyeT yCTaHOBUTL B
eth-inf-type nHankauuio ncnonb3oBaHNs TEroB.

B pononHeHne k aToMmy cneayet ykasaTb tagged-interface-type B koHTelnHepe tagged-interface ana 3agaHusa pexuma
MCnonbL30BaHns Teros. Tekyllas modenb onpeaenseT nNaTb pexumoB ycTaHoBku Teros VLAN:

- priority-tagged - SP uHkancynupytoT n nomevatoT naketbl mexay CE n PE ypoBHem npuoputeTa Ans kagpa;

- dot1g-vlan-tagged - SP wuHkancynupytoT naketel mexgy CE u PE ¢ ogHum wnn MHOXeCTBOM abOHEHTCKMX
naentudukatopos VLAN (CVLAN?);

- qing - SP nHKancynupyoT nakeTbl HAa BXOAE B CBOW CETU C MHOXecTBOM uaeHtudukatopos CVLAN 1 ogHuM Terom
SP VLAN (SVLAN);

- ginany - SP nHkancynupyloT nakeTbl Ha BXxofe B cBou ceTu ¢ HemdBecTHbiMU CVLAN 1 ogHum Terom SVLAN;
- vxlan - SP unkancynupyeT nakeTbl Ha BXOA4e B CBOU ceTU U naeHTudukatopom VNI® 1 cnvckoM napTHEPOB.

O6wwmi S-tag ansa yctpoiictea Ethernet u (ecnv npumeHnmo) otobpaxeHne C-tag Ha SVC* nomeLLaloTcst B KOHTEHEpP service.
[nsa BapwaHTOB qing u ginany 3HayeHuto S-tag B qing 1 ginany B 60NbWMHCTBE CyyYaeB crnedyeT COOTBETCTBOBATb 3HAUYEHMIO
S-tag B kOHTeWHepe service, oAHaKo B HEKOTOPbLIX cuctemax Tpebyetca TpaHcnaums VLAN ana S-tag Ha obpaléHHoOM Hapyxy
uHTepderice nnm socxoaswmx PE ana «Hopmanusauun» BHewHero Tera VLAN B S-tag cepsuca Ha Bxoae B ceTb 1 obpaTHon
TpaHcnsauum B S-tag npu Bbixoge u3 cetn. OgHMM 13 NPMMEPOB ABMAETCSA arpervpylowmn kommyTtaTop L2 Ha nytu - S-tag ans
SVC paHee 6bin Ha3HaYeH APYroMy CEPBUCY U HE MOXET UCMOoNb3oBaTbes 3Tum AC.

5.3.2.2.3. UnuTtepdhenic LAG

MHorga abGoHeHTam MoXeT notpeboBaTbcs cOopka MHOXecTBa (hM3MYeCcKMX KaHamnoB B OOHO forumyeckoe coeauHeHune LAG
(Touka-Touka) ¢ SP. O6bIYHO Ha TakKuWxX coeduHeHUs npumeHsieTcss npoTokon LACP® ons avHamuuyeckoro noGasneHus unu
yAaneHus kaHanos B rpynny-arperat. B obwem cnyyae LAG nossonseT pacumpuTb NPOMYCKHY CNOCOBHOCTL cepsuca no
CpaBHEHMIO C OAMHOYHLIM KaHarnoMm, obecneuymBasi akKkypaTHOE CHWXEeHWEe MPOMYCKHOM CNOCOGHOCTW Mpu OTKase KaHana B
rpynne, a Takke NoBbILLEHWNE YPOBHS OOCTYMHOCTU.

B L2SM wumeetca Habop atpmbyTtoB (nog lag-interface), cBa3aHHbIX C arpermpoBaHueM kaHanoB. ABOHEHT u nposavaep
CHayana JOImKHbl pewunTb, 6yaeT nu BeiNonHATLECS obmeH LACP PDU mexay kpaeBbiMu yCTporcTBamm, 1 Beibpats ans LACP-
state 3HaueHne on unu off. Mpu BkNtoYEHHOM NpoTokone LACP obe CTOpOHbI OOMKHbI yKkasaTb, (1) 6yaet LACP pabGotatb B
NacCcMBHOM WUNN aKTMBHOM pexmnme U (2) 3agaTb BPEMEHHOW MHTepBan M ypoBeHb npuoputeTa ansa LACP PDU. AGOHEHT un
npoBangep MOryT Takke onpeaeniTb MWHMMAarbHY MPOMNYCcKHYyl crnocobHocTb arperata LAG, koTopasi cumMtaetcs
JONyCcTUMOW, NYTEM 3apaHusa HeobszatenbHoro atpmbyTta mini-link-num. Onsa BkntoveHns ObICTPOro A4eTeKTMpPOBaHWSA OTKa30B
Ha kaHanax Jepe3 HesaBucumble ceccun UDP pa6otaet mukpo-BFD® [RFC7130] ans MOHWUTOPWMHIA COCTOSIHUS KaXKOoro
kaHana B rpynne. ABOHEHTY 1 NpoBanaepy cneayeT cornacoBaTb uHTepBan BFD hello n Bpemsi yaepxaHnusi.

Layer 2 Control Protocol - kaHan ynpaeneHus L2.

2Customer VLAN.

*VXLAN Network Identifier.

“Switched Virtual Circuit - koMmMyTpupyemoe BMpTyanbHOe YyCTPOMCTBO.

SLink Aggregation Control Protocol - npoTokon ynpaeneHusi arperMpoBaHuemM KaHasos.
SBidirectional Forwarding Detection - 4ByXCTOpOHHEE OETEKTMPOBaHWE NEPECHISIKN.
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Kaxgbin kaHan rpynnbl ykasbiBaeTcs nog uHtepdencom LAG ¢ 6a3oBbiMM cBOMCTBaMM (hu3nyeckoro kaHana. Hekotopble
aTpubyThbl, TAKMe KaK ynpaBneHne NoTOKOM AaHHbIX, TUN UHKancynauuu, paspewéxHole Ethertype Ha Bxoge u yctaHoBku LLDP
3apgatoTcs Ha ypoBHe LAG.

5.3.2.2.4. OTo6paxeHne CVLAN-ID Ha SVC

Korpa Gonee opHoro cepsuca MynbTWUNmeKcupyetcss B OAWMH WHTepdelnc, BXOAsAWMEe Kagpbl nepegalTcsi B OAUH U3
ak3emnnspoB cepsuca L2VPN B cooTBeTCTBUM C 3apaHee cormnacoBaHHbIM conocTaBrneHnem aboHeHTckux VLAN ¢ SVC.
MHoxectBo CVLAN moxeT nepepaBaTtbCs 4epe3d oaumH kaHan SVC. Tun rpynnupoBku OyaeT onpefensaTb CBA3bIBaHWE
mHoxecTBa CVLAN B ogHom aksemnnspe cepsuca VPN (1. e. rpynnuposky VLAN).

Korga ato mpumeHumo, otobpaxeHue cvlan-id-to-svc-map copgepxut cnmcok CVLAN, oTobpaxéHHbIXx Ha oguH cepsuc. B
bonbluMHCTBE cny4vaes 310 byaeT cnmckom goctyna no VLAN u3 BHyTpeHHero Tera 802.1Q [IEEE-802-1Q] (C-tag).

Cepauc VPN MoxHO HacTpouTb Ha coxpaHeHne CE-VLAN ID n CE-VLAN CoS ot canTa-ncToyHMKa 0o canTa-nony4darens. 3to
HYXXHO B Tex cryuvasix, korga aboHeHT xo4eT ucnomnb3oBaTb MHpopmaumio n3 3aronoska VLAN Ha oboux cantax. CoxpaHeHue
CE-VLAN ID n CE-VLAN CoS npumeHsieTcs B KaxgoM site-network-access Ha cavitax. OTo coxpaHeHue o3HadaeT, Yto CE-
VLAN ID n/unn CE-VLAN CoS Ha CTOpoHe OTnpaBuUTENs AOIMKHbI COBMagaTb CO 3HAYEHUSIMWN 3TUX MOJIEN Ha CTOPOHe caiTa-
nony4arens, oTHocsLLerocs K Tomy xe cepsucy L2VPN.

Ecnu paspelueHa rpynnvpoBka Ans Bcex cauToB (TN rpynnmpoBku all-to-one), coxpaHeHue NpuMeHsieTcs NS BCEX BXOASLLMX
KaapoB cepBuca. Ecnu rpynnupoBka He BKNOYeHa, CoOXpaHeHne npumMeHseTcsa Ansa sxoaawmux kagpos ¢ Terom CE-VLAN ID.

5.3.2.2.5. Nopaepxka ynpaBneHnsa L2CP

AGoHeHTY n SP cneayeTt 3apaHee corflacoBaTb BOMPOC paspelleHusi MPOTOKOMbHLIX B3aumogencTeui mexay CE n PE Ha
ypoBHe ynpaeneHus. [Ans obecneveHns acpdekTMBHON AOCTaBKM rpynnoBoro Tpaduka aboHeHTbl MOTyT MPUMEHSATb NPOTOKOIbI
ynpaeneHusi Ethernet (Hanpumep, STP' [IEEE-802-1D]).

Ons nopaepxkn adEKTUBHON AMHAMWYECKON OOCTaBKM MOTYT MCMOSMb30BaTbCsl Kagpbl yrpaBreHus rpynnoBoi nepenaven
Ethernet (Hanpumep, GARP/GMRP [IEEE-802-1D]) mexay yctpovicteamu CE n PE. OgHako HegonycTumMo npegnonaratb, 4To
Bce CE Bcerga ncnonb3ytoT Takume npoTokonbl (Hanpumep, CE MoxeT GbiTb MapLUpyTM3aTOpOM UMW He 3HaTb AeTanen L2).

MAC-agpeca nonyyatenein B L2CP PDU oTHocATcs k ABYM pe3epBHbIM 6nokam, 3agaHHbIM pabouyeri rpynnow IEEE 802.1. Ons
naketoB ¢ MAC-agpecom nonyyatens u3 YykasaHHbIX HWXe rpynnoBbIX AWana3oHOB MPUMEHSAIOTCA Ocobble npasuna
nepechbInKu.

- [potokonbl mocTo. - 01-80-C2-00-00-00 - 01-80-C2-00-00-0F.
- [Tpotokonsl MRP - 01-80-C2-00-00-20 - 01-80-C2-00-00-2F.

TyHHenupoBaHue npoTokonoB L2 nossonseT SP nepepaBaTb aboHeHTckme L2 PDU uyepes ceTb 6e3 uHTepnpeTauuun u
06paboTkn Ha NPOMEXYTOYHbIX ycTporcTBax. dTM L2CP PDU wHkancynupyloTcs ¢ ucnonb3oBaHuem QinQ ans nepepaym
yepes 54po ceTu ¢ nogaepxkkon MPLS.

KonTenHep L2CP-control coaepXxut cnmcok o6bIMHO MCMONb3yeMbiX NPOTOKONOB 1 napameTpoB L2CP. SP moxeT 3agath Ang
Kaxgoro OTAENbHOro MpoTokona pexum otbpackiBaHusi (discard-mode), napTHEpcTBa (peer-mode) vUnn TyHHENMPOBaHWSA
(tunnel-mode).

5.3.2.2.6. Ethernet Service OAM

MpumeHeHne Ethernet B kavecTBe TexHoOMoOrMM pacnpefeneHHbIX ceTeil NpeabsiBisieT AOMNofHUTENbHble TpeboBaHus K
CKBO3HOMY MOHWTOPWHIY CEpBUCA W KOHTPOMH OTKa3oB B ceTsx SP, ocobeHHO B 4acTu AOCTYMHOCTU CepBuUCa U CpeaHero
BpeMeHu BoccTaHoBnenuna (MTTR?). Ethernet Service OAM B KoHTekcTe L2SM o3HauaeT komGuHauuio npoTtokonos |[EEE
802.1ag [IEEE-802-1ag] v ITU-T Y.1731 [ITU-T-Y-1731].

Boob6uue rosops, Ethernet Service OAM nossonsieT SP npoBepsTe HEMPEPBLIBHOCTb MPEeAOCTaBMNEHNs YCyr, U30nMpoBaTb
OTKa3bl, N3MEPSATb 3aJEPXKM U UX Bapuaumm Ha ypoBHe aboHeHTa M goctyna cawta B ceTb. NHdopmauus Ethernet Service
OAM [ononHseT AaHHble ApYrux MHCTPYMEHTOB BepXHUX ypoBHew IP/MPLS OSS ansa obecneyvenns SLA.

dyHKUMOHaNbHaa Modenb 06paboTku oTkasoB 802.1ag CFM? cTpykTypupoBaHa B nepapxudeckue gomeHsl MD*, kaxkgomy s
KOTOpbIX Ha3Ha4YaeTCs YHUKanbHbIM ypoBeHb obcnyxuBanusa. MD BepxHWX ypoBHeW MOryT 6biTb BroxeHsl B MD HMXHUX
ypoBHeWn, oagHako gomeHbl MD He moryT nepecekaTtbcs. Obnactb AencTBus Kaxaoro gomeHa MD nonHOCTbIO HAXoaUTCH B CETU
aboHeHTa unn cetn SP. JomeHbl MD moryT B3anmogencTtsoBaTbe mexay CE n PE (ot aboHeHTa k npoBangepy) nnu mexagy PE
(B3anmoaencTBMe NpoBanaepoB), a Takke MOryT TYHHENUPOBATLCS Yepes Apyryto ceTb SP.

B 3aBMCMMOCTM OT BapuaHTa NpuUMeHeHUs Heckornbko Todek MEP® MoxeT pasmellaTbcs Ha obpalléHHOM Hapyxy uHTepdelice,
nepepaeas CFM PDU B Hanpaenenuu sigpa cetn (Up MEP) unu B Hucxogsawwmi kaHan (Down MEP).

Cy6koHTenHep cfm-802.1-ag B KoHTeliHepe site-network-access npeacrtaenseT accouuaumio obenyxusanHna CFM MAS, 1. e.
Down MEP ana UNI MA. Ona kaxgon accoumaumy MA nonb3oBaTtenb MoOXeT 3afatb uaeHTudukatop MAID?, ypoBeHb U
HanpaeneHune MEP, Remote MEP ID, ypoBeHb CoS ana CFM PDU, uHTepBan v Bpems yaepXaHusi coobLLUeHNA NMpoBepKu
cBAsHocTM (CCMB), ypoBeHb reHepauunu curHanoB o6 oTkase (T. €. caMblil HU3KWUIA NMPUOPUTET, NPU KOTOPOM reHepupyeTcs
curHan o6 otkase), Tun npuoputeta CCM un . n.

'Spanning Tree Protocol - npoTokon cesi3ytoLlero aepesa.

2Mean Time To Repair.

3Connectivity Fault Management - 06pa6oTka 0TKa3oB B COeANHEHUSIX.

“Maintenance Domain - foMeH o6cnyxuBaHus.

*Maintenance Entity Group End Point - koHe4YHasi Touka rpynmnbl 0GLEKTOB 0GCMyKMBaHUS.
SMaintenance Association.

"Maintenance Association Identifier.

8Continuity Check Message.
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MoHuTopuHr npoussogutensHocT ITU-T Y.1731 (PM') obBecrneumBaeT BaxHylo TenemMeTpuyeckyio MHdopMaumio, koTopast
BKIOYaeT 3agdepxky kagpos Ethernet n eé Bapuaumu, notepu KagpoB 1 NPOMNyCKHYK CNOCOBHOCTb AN kagpos. N3mepeHus
3aJepXKM U eé Bapuauuin MOryT BbINOMHATLCH B OOHOM wnm oboux Hanpasnenusx. O6blyHO 3oHA Y.1731 PM nepepaér
HeboMbLUIOe YNCHO CUHTETUYECKUX KaapOB BMeECTe C 0ObIYHbIMY Kagpamn Ans namMepeHus napameTpos SLA.

Cy6bkoHTerHep y-1731 B koHTelHepe site-network-access conepxut Habop AaHHbIX ANs onpefeneHnst napameTpos 3oHaa PM,
Bkntoyas MAID, nokanbHbIi M yoanéHHeln unaeHtudumkatop MEP ID, tunm PM PDU, nepuop coobuieHuWin u uHTepsan
namepeHus, yposeHb CoS ana PM PDU, onumu n3mepeHnss No CUHTETUYECKUM WIN eCTECTBEHHBIM Kaapam, OOHO WNW [Ba
HanpasneHus 4ns namepeHui, paamep kagpos PM u Tun ceccun.

5.4. Ponu canta

CepBuc VPN wnmeeT onpedenéHHyro TOMOMOrMI, kak onvcaHo B naparpade 5.2.2. B pesynbrate Kaxgomy CanTy,
oTHocsAwemyca k VPN, HasHavaeTcsa B 9TOW Tomomornv onpefenédHas ponb. JlucT site-role ykasbiBaeT ponb cainTta B
KOHKpeTHown Tononorun VPN.

B Tononorum any-to-any (Kaxapli ¢ KaxxabiM) BCe caiTbl AOIMKHbI UrpaTb O4HY porb - any-to-any-role.

B tononorun Hub-and-Spoke nnu Hub-and-Spoke-Disjoint canTbl gomkHbI urpaTe ponb Hub unun Spoke.

5.5. Canthbl, Bxogsawme B Heckonbko VPN

5.5.1. Bapuanmsbi VPN Ha catime

Cant moxeT BxoanTb B ogHy unu mHoxectBo ceten VPN u site-vpn-flavor ykasbiBaeT cnoco6 mynbtunnekcuposanus VPN.
Bo3MoxHbl 4 TuMna oOpall€HHBIX HapyxXy COeOuHeHWI, cBsA3aHHbIX C cepBucom EVPN un cantom. [Mostomy mopenb
noaaepXvBaeT YeTbipe BapuaHTa:

- site-vpn-flavor-single - canT BxoauT B eAMHCTBEHHYIO0 ceTb VPN;

- site-vpn-flavor-multi - cant BknouéH Bo MHoXXecTBO VPN 1 BCe nornyeckne coeauHeHns CainToB OTHOCATCS K OQHOMY
Habopy VPN;

- site-vpn-flavor-nni - cant npeactaensier umHTepgenc NNI, roe coeauHsioTcs ABa agMUHUCTPATUBHBLIX OOMEHA,
OTHOCALLMXCSA K OQHOMY UK pa3HbIM NpoBaniaepam;

- site-vpn-flavor-e2e - cant npeacraBnseT CKBO3HOE MHOrOCErMEHTHOE COEaUHEHNME.

5.5.1.1. OgHo nogkntoyeHue - site-vpn-flavor-single
Ha pucyHke 14 nokasaHo nogkntoyeHne canta k ogHon cetn VPN.

e +
Fom + Castr / \
I | === e I I
| | *** (site-network-access#l) *** | VPN1 |
| Opmc B Hewo-VMopxe | |
| | *** (site-network-access#2) *** |
I [ ======m oo e I I
e e L L e L L + \ /
tm— - +
PucyHok 14. O0Ho nodkmoyeHue Kk VPN.
5.5.1.2. MHOXecTBO noakntoyeHun - site-vpn-flavor-multi
Ha pucyHke 15 nokasaHo nogkntoyeHne camnta k MHoxectsy VPN.
e +
+===/====+ \
Fommmmmm - + Canr / | \
| | === e e | |IVPN B|
| | *** (site-network-access#l) **x****x* | | |
| Odpmuc B Heo-Hopxe | | | | |
| | *** (site-network-access#2) ***xx*x%x*x \ | /
I | === mm e | VPN A+-—--- | ---+
R il + \ /
Fommmmm—— +

. PucyHok 15. NodkntoyeHue k mHoxecmay VPN.
Odmc B Hbto-Vlopke Ha pucyHke 15 sBnsieTcst MHOroAoOMHbIM. [Inst 060MX NOrMYECcKUX COEAMHEHWUIA MPUMEHSIIOTCS OAMHAKOBbIE
npasuna noakntodeHus k VPN n o6a coeguHeHuns otHocated k VPN A n VPN B.

Hoctyn k VPN A urm VPN B us odmca B Hblo-Vlopke BbinonHseTca Ha ocHose nepechinku no MAC-agpecy nonyuyatens.
BosmoxHOCTb goctyna k ogHomy agpecarty u3 asyx VPN moxeT cosgaBaTb npobnemsl MapLipytusauui. B atom cnyyae pornb
agMuHucTpaTopa aboHEHTCKOW CeTu 3aknyaeTcsi B noaxoaswem oTobpaxeHun MAC-agpecoB kaxgon VPN.  Bonee
nogpobHoe onncaHue npueeaeHo B naparpadax 5.5.2 n 5.10.2, a nogaepxka BUM paccmoTtpeHa B naparpade 5.10.3.

5.5.1.3. NNI - site-vpn-flavor-nni

BapuaHT ¢ mexceteBbiM coeguHeHnem (NNI) moxHO npomogenupoBaTb, MCnonb3yst koHTenHep sites. [Ana SP nonesHo
ykasaTb, 4TO 3anpawmBaemoe coegnHeHne VPN He oTHocuTcs k obbluHOMY canTy, a saensetcs NNI, nockonbky B 3TOM criyyae
MOTyT N0 YMOMYaHMI0 NPUMEHSTLCS ApYrMe napameTpbl kKoHdurypaumum (Hanpumep, ACL2, npaBuna mapLupyTtvaauum).

Ha pucyHke 16 nokasaH BapuaHT A cueHapusa NNI, KOTOpbIl MOXHO CMOAENnMpoBaTb C MOMOLLBI KOHTenHepa sites. [ns
nogkntoyeHns aboHeHtckux VPN (VPN1 1 VPN2) k cetn SP B npoangep SP A moxeT 3anpocuTb CO3f4aHuWe TOro Ui UHOro

'Performance Monitoring.
2Access Control List - cnncok koHTpons gocTyna.
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SP A SP B
/ \ / \
I I
++++++++Kanan mexgy AS ++++++++
+ + + +
+ (MAC-VRF1) - (VPN1) - (MAC-VRF1) +
+ + + +
+ ASBR + + ASBR +
+ + + +
+ (MAC-VRF2) - (VPN2) - (MAC-VRF2) +
+ + + +
++++++++ ++++++++

I I

I I

I I
++++++++Kanan mexgy AS ++++++++

+ + + +
+ (MAC-VRF1) - (VPN1) - (MAC-VRF1) +
+ + + +
+ ASBR + + ASBR +
+ + + +
+ (MAC-VRF2) - (VPN2) - (MAC-VRF2) +
+ + + +
ettt ettt
| |
| |
\ / \ /

PucyHok 16. CueHaput NNI, eapuaHm A.
KOHTenHepa site-network-accesses ansa cetn SP B. MoxHo ncnonb3oBats Tun site-vpn-flavor-nni gns nHdgopmmposarma SP B
0 ToMm, YTo 3710 coeamHeHne NNI, a He obbl4yHOE nogknoYyeHne aboHeHTa.

5.5.1.4. E2E - site-vpn-flavor-e2e

CkBosHoe (E2E') mHorocermeHTHoe coeauHeHne VPN opraHusyeTcsl M3 HECKONbKMX COEAMHUTENbHbIX cermeHToB. [ns SP
OypeT nonesHo ykasaTb, YTO 3anpolleHHoe coeanHeHne VPN He sBnsieTca o6Obl4HBIM NOOKMIOYEHWEM CanTa, a ChyXuT
CkBO3HbIM coeamHeHnem VPN, nockonbky B criyyae site-vpn-flavor-e2e no ymonyaHuio MoryT npuMeHsTbCa Apyrme napameTpsl
(Hanpumep, koHdurypauma QoS). [na opraHmsaumm coeguHeHuns mexay Cawtom 1 B SP A n Cawntom 2 B SP B yepes
MHOXEeCTBO LOMEHOB npoBangep SP A MOXeT 3anpocuTb OpraHM3aumio CKBO3HOro coeanHenuns ¢ SP B. Tun site-vpn-flavor-e2e
NMo3BONSAeT yKasaTb, YTO 9TO CKBO3HOE COeAMHEHNE, a He 0OblIYHOE NoakmnoyYeHne aboHeHTCKOro canTa.

5.5.2. MpucoeduHeHue catima k VPN

1o NpuMynHe HanMynsa MHoOXecTBa BapuaHTOB site-vpn npucoeauHeHune canta k L2VPN BbinonHsaeTca Ha ypoBHe site-network-
access (nornyeckun OOCTyn) yepes KOHTeWHep vpn-attachment, koTopbii sBnseTca ob6sa3aTtensHbIM. Mogenb obecneunBaet
ABa crnocoba npucoeamHeHus canta k VPN:

- no HenocpeacTBEHHOM ccbinke Ha uenesyto ceTb VPN;
- MO ccbifike Ha npasuna npucoeaunHeHns k VPN, koTopble MOryT ObiTb Gonee CnoXxHbIMU.

3T onuumn NO3BONSOT NOML30BATENIO Bbl6paTb Hanbonee nooxoasaLni BapuUaHT.

5.5.2.1. YkazaHue VPN

YkasaHue vpn-id obecneumBaeT npocTol cnocob npuBa3aTb KOHKPETHOe nornyeckoe coeauHeHne k VPN. 3710 siBnsdetcs
nyywmnm cnocobom ansa VPN ¢ ogHum nogkntoveHneM. lMpu ykasanum vpn-id gomkHa gobaBnsatbecs ponb canTta (site-role) B
Tononorun uenesoro cepeuca VPN.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>VPNA</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
<vpn-service>
<vpn-id>VPNB</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
<sites>
<site>
<site-id>SITEl</site-id>
<locations>
<location>
<location-id>Ll</location-id>
</location>
</locations>
<management>
<type>customer-managed</type>

'End-to-end.
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</management>
<site-network-accesses>
<site-network-access>
<network-access-id>LAl</network-access-id>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
<sve-mtu>1514</sve-mtu>
</service>
<vpn-attachment>
<vpn-id>VPNA</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
<site-network-access>
<network-access-id>LA2</network-access-id>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
<sve-mtu>1514</svc-mtu>
</service>
<vpn-attachment>
<vpn-id>VPNB</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
</site>
</sites>
</12vpn-sve>
MpuBeaeHHbIN Bbie Npumep onuckiBaeT crnydan mMHoxectBa VPN, rge cant (SITE1) umeet ABa normyecknx NOAKNIOYEHUs
(LA1 1 LA2) k cetam VPNA n VPNB.

5.5.2.2. Nonutuka VPN
Cnmcok vpn-policy no3BonsieT onucaTb BapuaHT ¢ MHoXecTBoM VPN, roe nornyeckune nogkitoyeHnst oTHoCATCS K pasHbiM VPN,

Mockonbky canT MOXeT BXoAuTb B Heckonbko VPN, cnucok vpn-policy MoxeT BKMAYaTb MHOXecTBO 3anucer. MoxHo
ucnonb3oBaTb GUNbTP Anst Bbibopa JIBC Ha calite, koTopble OyayT yacTbio onpegenénHon cetn VPN. Cant MoxeT BkntoyaTtb
MHOXecTBO cermeHToB JIBC, kaxabli U3 KOTOPbIX MOXeT ObiTb noaknovéH k ceoel cetn VPN. Kaxabiin pas npy NOAKMOYEHUN
cavta (unu JIBC) k VPN nonb3oBaTenb JOMMKEH TOYHO Yka3aTb ero ponb (site-role) B Tononorun uenesoro cepsuca VPN.

et e e e e +
| Camr 1 ---——- PE7 |
L e L L P L e L Lt + [VPN2] |
| |
T + I
| Canr 2 ------ PE3 PE4 ------ Camnr 3
e + I
I I
T it + |
| Canr 4 ---—-- PE5 | PE6 ------ Camnr 5 |
| (|
| [VPN3] (|
e ittt + |
| |
o +

PucyHok 17. lMpumep nonumuku VPN.
Ha pucyHke 17 Cant 5 Bxogut B VPN3 1 VPN2, BeicTynas B kadectse Hub ans VPN2 n any-to-any ans VPN3. 31oT BapuaHT
NOAKIIOYEHUS OMUCaH HUXeE.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
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<vpn-service>
<vpn-id>VPN2</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
<vpn-service>
<vpn-id>VPN3</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
<sites>
<site>
<locations>
<location>
<location-id>L1l</location-id>
</location>
</locations>
<management>
<type>customer-managed</type>
</management>
<site-id>Site5</site-id>
<vpn-policies>
<vpn-policy>
<vpn-policy-id>POLICY1</vpn-policy-id>
<entries>
<id>ENTRY1</id>
<vpn>
<vpn-id>VPN2</vpn-id>
<site-role>hub-role</site-role>
</vpn>
</entries>
<entries>
<id>ENTRY2</id>
<vpn>
<vpn-id>VPN3</vpn-id>
<site-role>any-to-any-role</site-role>
</vpn>
</entries>
</vpn-policy>
</vpn-policies>
<site-network-accesses>
<site-network-access>
<network-access-id>LAl</network-access-id>
<site>
<site-id>SITEl</site-id>
<locations>
<location>
<location-id>L1</location-id>
</location>
</locations>
<management>
<type>customer-managed</type>
</management>
<site-network-accesses>
<site-network-access>
<network-access-id>LAl</network-access-id>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
<sve-mtu>1514</svc-mtu>
</service>
<vpn-attachment>
<vpn-id>VPNA</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
<site-network-access>
<network-access-id>LA2</network-access-id>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
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<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
<sve-mtu>1514</svc-mtu>
</service>
<vpn-attachment>
<vpn-id>VPNB</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
</site>
<vpn-attachment>
<vpn-policy-id>POLICY1</vpn-policy-id>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
</site>
</sites>
</12vpn-svc>
Ecnn TpebyeTca bonee getansHoe ynpasneHue nogknodeHvem k VPN, MoxHO Bocnonb3oBaTbeca unbTpaumen. Hanpuwvep,
ecnu ceTb LAN1 Canta 5 gomkHa 6bITb nogkntodeHa k VPN2 B ponm Hub, a LAN2 gomkHa 6biTe nogknioveHa k VPN3, moxHo
MCNONb30BaTb MPUBEAEHHYIO HXKE KOHGUIypaLuio.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>VPN2</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
<vpn-service>
<vpn-id>VPN3</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
<sites>
<site>
<locations>
<location>
<location-id>L1</location-id>
</location>
</locations>
<management>
<type>customer-managed</type>
</management>
<site-id>Site5</site-id>
<vpn-policies>
<vpn-policy>
<vpn-policy-id>POLICY1</vpn-policy-id>
<entries>
<id>ENTRY1</id>
<filters>
<filter>
<type>lan</type>
<lan-tag>LAN1</lan-tag>
</filter>
</filters>
<vpn>
<vpn-id>VPN2</vpn-id>
<site-role>hub-role</site-role>
</vpn>
</entries>
<entries>
<id>ENTRY2</id>
<filters>
<filter>
<type>lan</type>
<lan-tag>LAN2</lan-tag>
</filter>
</filters>
<vpn>
<vpn-id>VPN3</vpn-id>
<site-role>any-to-any-role</site-role>
</vpn>
</entries>
</vpn-policy>
</vpn-policies>
<site-network-accesses>

23 www.protokols.ru


https://www.protokols.ru/

dHUuMKnonegusa ceTeBbiX NPOTOKONOB MepeBon RFC 8466
<site-network-access>
<network-access-id>LAl</network-access-id>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
<sve-mtu>1514</svc-mtu>
</service>
<vpn-attachment>
<vpn-policy-id>POLICY1</vpn-policy-id>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
</site>
</sites>
</12vpn-svc>

5.6. OnpepeneHue TOYKM NOAKITHOYEHUA caUTa

Cwnctema ynpaBneHus 6yaeT onpefendatb Ang kaxagoro site-network-access Ha KOHKPETHOM CalTe TOYKY MOAKIHYEHMS K CEeTU
npoeangepa (Hanpumep, PE vnu arperupytownii kommyTtaTop).

OT1a moaenb onpeaendeT napaMmeTpbl U OrpaHN4YeHnd, KOTopblie MOryT BIIUATb HA NOAKNOYEeHne site-network-access.

Cuctema ynpasneHuna AorkKHa cobntogatb Bce orpaHn4yeHunsa aboHeHTa, a ecnu orpaHun4yeHunsa CIrinKOM XeCTKne n He MoryT
OblTb BbINOMHEHbI, CUCTEME ynpasleHna HeaonycTtuMo Moaknk4yatb calnT W nonb3oBaTeno AOMKHA nepenaBaTbes
MHOPMaLMS O BCEX OrPAHNYEHUNAX, KOTOPbIE HE MoryT ObITb BbIMNOMHEHbI. MpenocTtaBneHne Takom MHoOpMaLMM BbIXOOUT 3a
paMKMﬂOKYMeHTa.BOﬂpOCOCﬂa6ﬂeHMﬂBaﬂaHHHXOFpaHMHeHMﬂpemaeTCﬂﬂOﬂbSOBaTeﬂeM.

MapameTpbl pacnonoxenus cavta (naparpad 5.6.2) n Tuna goctyna (naparpad 5.6.3) BnualoT Ha pasMelleHne cepsuca,
BblIOMpaemoe CUCTEMOW ynpaBneHus.

Kpome yuyéta napameTpoB M OrpaHW4eHWIn Ha peLUeHne CUCTEMbl YNpaBreHUs MOFYT BNUSATb BHYTPEHHME orpaHuyeHus SP,
HanpvMep, HauMeHbLUIas 3arpyska Unu yaanéHHoCTb.

5.6.1. OepaHu4eHue - ycmpolicmeo
an ynpaBneHnn co CTOpOHbIHpOBaﬁﬂepa mnnn CoBMeCTHOM YynpaBlieHnn aboHEeHT MOXeT 3akasaTb OA4HO UM MHOXeCTBO

YCTPOWCTB Ha KOHKPETHYH MIIoLWaaKy, KoTopast yxke HacTpoeHa. AGOHEHT MOXET MpUHYAUTENBHO 3adaTh site-network-access
ANs NOAKIIOYEHNS 3aKa3aHHOro YCTPOMCTBa.

Caitr B Heo-Jopxe

o + Canr

| #=——mmmmmm I e
| | MamxsTTeH |

[ CEl********* (sjite-network-access#l) **xxx*
| +-————————————- + |

| +—————————————- + |

| | Bpyxamx Il

[ CE2********* (site-network-access#2) **xxx*
| - + |

| R il
oo +

PucyHok 18. lNpumep oepaHuyeHuli dns1 ycmpoticmea.
Ha pwucyHke 18 site-network-access#1 cBasbiBaeTca ¢ yctponctBom CE1 um3 3anpoca. SP pomkeH obecneunTb 3TO
nogknw4yeHue.

5.6.2. OepaHu4YeHue u napamemp - pacriosiokeHue caima

ObecneyunBas aTOM MOAenb MHMOPMaLUS O MECTOMONOXEHUN MOXKET NPUMEHATLCA CUCTEMOW ynpasneHus npu noucke PE
AN NoAKNioYeHns canta (Ha ctopoHe SP). C kaxablM NMOAKMIOYEHNEM canTa K CeTU AOIMKHO BbiTb CBA3AHO KOHKPETHOE MECTO.
lMpoBangep momkeH obecneyvBaTh 3aBepLUEHNE CepBuCa B yKa3aHHOMW TOYKe AOCTyna canTa B ceTb (Ha CTOpoHe aboHeHTa).
3HaueHne country-code B MeCTOMONOXEHWM cawTa crieyeT ykasbiBaTb kogom ISO 3166 n oHO noxoxe Ha MeTKy country,
onpenenéxHyio B [RFC4119].

MecTtononoxeHue site-network-access onpegensietca 3HaveHuem location-flavor. [ina cantos, ynpasnsiemMblx nNpoBanaepom
UM COBMECTHO C HWMM, MpeanonaraeTcsi, YTO Nnonb3oBaTenb ykaxeT 3HadeHue device-reference (gns yctpowcTea), KOTopoe
cBshkeT site-network-access ¢ KOHKPETHbIM YCTPOWCTBOM, 3aka3aHHbIM aboHeHTOM. [locKOmnbKy YCTPOMCTBO CBSI3aHO C
KOHKpPETHbIM MECTOM, B 3TOM criyyae uHdopMauns O MECTOMNOMOXEHUN ONpeaenseTca no pasMelleHuo ycTponcTesa. Ecnu
canT ynpasnseTtca aboHeHTOM, npeanonaraeTcs, Y4To nonb3oBaTenb ykaxeT location-reference (ana mMecTononoxeHusi) n aTo
3HayeHune OyaeT ykasblBaTb Y)Ke HACTPOEHHOE MECTOMOMNOXEHNE, YTO NOMOXET B pasmeLLeHnn.

Ha pucyHke 19 ynpasnsiembin aboHeHToM Cant 1 nmeeT mectononoxenune L1, a ang ynpaesnsemoro nposangepom Canta 2
3akasaHo yctponcteo CE (CE#1). Ana Canta 2 ykasaHo mecTtononoxenue L2. [Npu HacTpoiike site-network-access anga Cavita
1 nonb3oBaTenb AOIMKEH yka3aTb MecTornonoxeHve L1, 4Tobbl cuctema ynpaeneHus 3Hana, 4To B 9TOM MeCTe opraHusyeTcs
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POP#1 (Heo-Mopk)

o +
| PE1l |
Camr 1 ---... | PE2 |
(ATnanTuk-Curn) | PE3 |
oo - +

o +
| ©PE4 |
| PE5 |
| PE6 |
Fommm +

T +
| PE7 |
Canr 2 CE#l---... | PES |
(PecToOH) | PES |
e +

PucyHok 19. [JaHHble 0 MecmornonoxeHuu calimos.
poctyn. 3ateM ¢ y4€TOM pacCTosiHUS cucTema ynpasreHus moxeT coeanHutb Cant 1 ¢ PE B Philadelphia POP. MNpn atom
MOTyT TaKkKe Y4MTbiBaTbCA pPecypchbl, AOCTynHble Ha PE, ana ToyHoro onpegeneHwns uenesoro yctponctsa PE (Hanpumep,
MeHee 3arpyxeHHoro). Aina CanTa 2 npegnonaraeTtcs, Y4To nonb3oBaTenb HacTpouT site-network-access co ccbinkon (device-
reference) Ha CE#1, 4tobObl cuctema ynpaBreHus 3Hama O TOM, YTO JocTyn OyaeT 3aBepliatbCs B MecTe pa3MeLleHus
yctponictea CE#1, koTopoe [O/MKHO ObiTb nogkmwyeHo. [na opraHu3aumy MNOAKMYeHUs Ha CTopoHe SP B crniyyae
ncnonb3oBaHusa 6nvxkanwero PE, CanT 2 moxeT 6bITb noakntovéH k Washington POP.

5.6.3. OepaHu4YeHue u napamemp - mun docmyna
CuvcTtema ynpaBneHus JormkHa BblOpaTb cpefly Anst NoAknodeHnst canta (Hanpumep, XDSL, apeHpoBaHHas nuHus, Ethernet).
AOBOHEHT MOXeT 3adaTb HEKOTOpPbIE NapamMmeTpbl nvinun orpaHn4yeHunsa, KoTopble NOMOryT CUCTEeME yrnpaBrieHUA Bbl6paTb cpeny.

NHdpopmaumio KoHTeliHepa bearer cnegyeT paccMaTpuBaTh B NepBylo oyepeab.

- [MapameTp requested-type obecneurBaeT MHdOpMaLMO O TUNe cpedbl, KOTOPbI abOHEHT Xo4eT ncnonb3oBaTtb. Ecnn
nucT strict nmeeT 3HaveHue true, cuctema ynpaBrneHWs [OMXKHa CuuTaTb 3TO CTPOTMM OrpaHMYeHueM Ans Tvna
cpenbl. Ecnu strict = false (npyuHATO No ymonyaHuio) n 3anpoLueHHas cpefa HeaoCTynHa, cuctema ynpasneHns MoxeT
BblbpaTb Apyron Tvn cpedbl. ABOHEHTY 1 npoBavifepy cnepyet obMeHATLCH AaHHBIMU O NoadepXuBaeMblX TUnax
cpen, HO MexaHu3Mbl Takoro obMeHa BbIXOOAT 3a paMK1 JOKYMEHTa.

- Jluct always-on onpegenset cTporoe orpaHuyexune. lNpu 3HaveHun true cuctema ynpaeneHnsa [orikHa BblibpaTtb Tvn
cpenpl, KoTopas Bcerga JoctynHa (always-on), T. €. He MOXeT NPUMEHATECA KOMMYTUPYEMbIA JOCTY.

- MapameTtp bearer-reference ucnonb3yeTca B Tex crny4asx, korga aboHEHT yxe 3aka3an nofknioveHve k cetn SP
oTaenbHo oT canTta L2VPN n xoyeT BoCcnonb3oBaTbCs 3TUM coeanHeHneM. CTpoka CryXUT BHYTPEHHEN CChINKOW OT
SP n onucbiBaeT yxe umerolleeca coeamHeHne. 3to TpeboBaHne SBNSETCS CTPOrUM U He MOXeT ObiTb ocrabneHo.
Cnocob npenocTaBneHns CCbiikM aboHEHTY BbIXOAWUT 32 paMKu JOKYMEHTa, HO MPUMEPOM MOXET CMYXUTb yKa3aHue
KaHana-HOCUTEnS, 3aKka3aHHOro KIMMEHTOM (C MOMOLLIbIO NpoLeaypbl, BbIXOASLEN 32 paMKU AOKYMEHTA).

MoryT npuMeHsITbCsl Takke WHble BHYTpeHHMe napameTpbl OoT SP. Cuctema ynpaBrneHuss MoOXeT WCMoNb30BaTb Takue
napameTpsbl, kKak «input svc-bandwidth» n «output svc-bandwidth» gns Beibopa ucnonb3yemoro Tuna goctyna.

5.6.4. OepaHu4eHue - pa3HeceHue docmyna

Kaxgbii anemeHT site-network-access MoxeT BkfovaTb OOHO WM MHOXECTBO OrpaHWyeHuin, koTopble ByayT onpepenstb
pa3melleHve goctyna. Mo ymonyaHuio B Mogenu npegnonaraeTcsi OTCYTCTBME OrpaHWYeHWin, HO OXWAaeTcs BblaeneHue
YHUKanbHoro Hocutens (bearer) gnsa kaxgoro site-network-access.

[ns peanusauuv pasHbiX BapyMaHTOB [OCTyna 3reMeHTbl site-network-access MOXHO nomevaTtb C MOMOLLb OAHOrO WMv
HECKONbKMX MAEHTUMKATOPOB rpynn. VaeHTudmkaTop rpynnbl npeactaBnset cobon CTPOKy, KOTOpask MOXET BKIOYaTh Kak
SIBHOE MMEHOBaHWe rpynnbl canToB (Hanpumep, multihomed-set1), Tak n uyucnoBoe 3HadeHue (Hanpumep, 12345678).
3HauyeHve Kaxpgoro group-id nokanbHO ANs agMmuHUcTpaTopa aboHeHTa M cucTema ynpaBreHus [orpkHa obecneuvmBaTb
pa3HbiM aboHEHTaM BO3MOXHOCTb UCMOMb30BaHNSA OAMHAKOBbLIX MaeHTUdukaTopoB. OQuH Unu HeCKorbKo group-id MoryT ObITb
Takke ornpefeneHbl Ha YpoBHe calTa, B pe3ynbTate 4yero Bce site-network-access aToro canta [OSMKHbI HacnegoBaTb
naeHTudukaTopbl group-id ceoero cawta. Korga B gononHeHne group-id canta onpedensoTcs MaeHTUUKaTopbl Ha YpoBHE
site-network-access, cuctema ynpaBneHust AOMXKHA y4uTbiBaTb OObEAMHEHWE BCEX IPynn (YpOBHS calTa M ypoBHS site-
network-access) Ans KOHKpeTHoro anemMeHTa site-network-access.

[ns yxe HacTpoeHHOro anemeHTa site-network-access kaxpgoe orpaHVyeHne AOJNKHO ObiTb BbIP@XEHO NPUMEHUTENBHO K
Habopy site-network-accesses. Yxe HaCTpPOEHHbI aneMeHT site-network-access AOMKEH He NPUHMMAaTbCA BO BHUMaHWe B
ueneeBoMm Habope site-network-accesses. Hanpumep, «site-network-access S HegonycTMMO MNOAKMOYATb K TOM Xe TOYKe
npucytcteua POP, kyaa nogkntoyéH koHTelHep site-network-accesses, senswowmncsa yacteto Group 10». HaGop site-network-
accesses, K KOTOPOMY NMPUYMEHSIIOTCA OrpaHuyYeHus, MoXeT ObiTb ykasaH B chopme cnucka rpynn all-other-accesses wnu all-
other-groups. Onuus all-other-accesses o3HavaeT, 4YTO TeKyLlee orpaHnyeHue site-network-access AONYCTMO NPUMEHATb KO
BceM site-network-accesses, oTHocawmMMES K Tekywemy canty. Onumsa all-other-groups o3HavaeT, YTO orpaHuM4eHVe OOJIKHO
NPUMEHSTBCA KO BCEM rpynnam, B KOTOpble TEKYLLMI 3aNieMeHT site-network-access He BXoauT.

TEKyLIJ,aﬂ Moenb onpeaenseT MHOXECTBO TUNOB OrpaHUYeHNn, NEPEYNCIIEHHBIX HUXE.

- pe-diverse - Tekywuin anemeHT site-network-access HegonycTUMo coeduHsaTb ¢ TeM xe PE, uto un ueneson site-
network-accesses.
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- pop-diverse - TekyLun anemeHT site-network-access HegONYCTUMO COeAMHATL C ToW e Todkon POP, yto u ueneson
site-network-accesses.

- linecard-diverse - Tekywwnin anemeHT site-network-access He[oONyCTUMO COEMHATL C TOW e JIMHENHOWN NNaTon, YTo 1
ueneson site-network-accesses. OtTmeTum, 4TO aboHeHT MoxeT 3anpocuTb linecard-diverse ansa site-network-
accesses, HO MaeHTUUKaToOp TEKYLLEN NCMONb3yeMOW NTIMHENHON NnaThl HE crieayeT NokasbliBaTb aboHEHTY.

- bearer-diverse - Tekywemy anemeHTy site-network-access HeponycTMMO MCNOMb30BaTb O6LWME KOMMOHEHTbI
HocuTenst (bearer) c HocuTensmu, ucnonb3yembiMu LeneBbiM site-network-accesses. OnemeHT bearer-diverse
obecneyrBaeT HEKOTOPLIN YpoBeHb pasHeceHust aoctyna. Hanpumep, aBym bearer-diverse site-network-accesses
HeJonyCTUMO MCMoMb3oBaTb 0AMH MynbTunnekcop DSLAM', BAS? unu kommyTaTop L2.

- same-pe - TeKyliM anemMmeHT site-network-access AomkeH coeanHATbCA ¢ Tem xe PE, 4to u ueneson site-network-
accesses.

- same-bearer - TekyLMN anemeHT site-network-access [OMKEH COeAMHATLCA C TEM XE HOCUTENeM, YTO U LieneBow
site-network-accesses.

Tunbl orpaHnyeHnn mMoryT GbiTe paclMpeHbl C MOMOLLLIO AOMNOMHEHNN. Kaxxgoe orpaHnyeHue AOIMKHO BblpaxaTbCcs B hopme
«aneMeHT site-network-access S pormkeH 6biTb <constraint-type> (Hanpumep, pe-diverse, pop-diverse) ua <target> site-
network-accesses».

MpoeHtudurkatop group-id, ncnonb3yembll ANS HauenuBaHWS TOro UNM MHoro site-network-accesses, MoxeT coBnagatb €
npuMeHsieMbiM B TeKyLLEM arnemeHTe site-network-access. 3To ynpollaeT HacTPOWKy Ans cryyaes, rge rpynna Todek site-
network-access MMeeT orpaHuyeHust mexay cobon.

5.7. BbigeneHue 3Ha4yeHun RD

O6o3HaueHne mapwpyTa (RD®) sBnseTtca BaxHeiwum napametpom L2VPN Ha ocHoBe npoTokona BGP, onucaHHbix B
[RFC4364], koTopbii obecnevmBaeT BO3MOXHOCTb pa3nuyaTth obwue 6nokm agpeco B pa3Hbix VPN. Mockonbky ansa uenen
MapwpyTtoB (RT) npegnonaraetca BblgeneHne cuctemown ynpasnenus Tabnuy MAC-VRF Ha ueneBom PE n RD gns atumx
MAC-VRF, 3HayeHne RD gomkHO ObiTb YHUKanNbHbIM Ans kaxaow Tabnuusl MAC-VRF B uenesom PE.

Ecnu MAC-VRF yxe ecTb B LeneBom PE 1 yaoBneTBopsieT orpaHnyYeHusiM Ans canta, HET HeobXoaMMOCTU co3iaBaTh APYryto
Tabnuuy MAC-VRF u caT moxeT ObiTb nogkmiouéH c wmcrnonb3oBaHvem umetowerics MAC-VRF. TNposepka cuctemon
ynpasneHus cootBeTcTBUst umetollerica MAC-VRF orpaHnyeHnsiM ons canTa BbIXOOUT 3a paMKM SOKYMEHTA.

Ecnu 1abnuubl MAC-VRF HeT B ueneBom PE, cuctema ynpasnenus mHuummnpyet co3gaHue MAC-VRF B uenesom PE u
BblaeneHue ans Heé HoBoro 3HaveHus RD.

Cunctema ynpaBneHns MOXeT NPUMeHsTb NonuTuky Belgenenns RD Ha yposHe VPN nnm MAC-VRF B 3aBMCUMOCTM OT npaBun
SP. lNpu BbigeneHun Ha ypoBHe VPN Bce Tabnuubl MAC-VRF (oTnpaeneHHble B pasHble PE) B pamkax VPN 6ygyt
ucnonb3oBatb obuwee 3HavyeHue RD. MNpu BoigeneHnn Ha yposHe MAC-VRF kaxpgon tabnuue MAC-VRF cnegyet HasHavaTb
yHUKanbHoe 3HayeHne RD. Bo3amoxHbI Apyrine BapuaHTbl BbliAENEHNs 3HAa4YEHUIN U AaHHbIV JOKYMEHT HE orpaHu4nBaeT BblGop.

Bbigenenne RD MoxeT BbINONMHATLCA TakMM xe cnocobom kak anga RT. MpegcrasneHHas B naparpade 5.2.2.1 nHdopmaums
npurogHa v B 3TOM criyyae.

OTmeTum, 4to SP MOXeT HacTpouTb LieneBoe ycTponcTBo PE Ha aBTomMaTuyeckoe BblaeneHune 3HavyeHun RD. B Takux cnyyasax
He notpebyeTcs kakon-nubo otaensHon cuctemsl (backend) ans HasHayeHus RD.

5.8. NocTtynHocTb Site-Network-Access
CanT MoxeT ObITb MHOrOOOMHBLIM C MHOXECTBOM Touek site-network-access. OrpaHuyeHus Ha pasmelleHue, OonucaHHble B
naparpacde 5.6, nomoryt o6ecneuntb pasHeceHne OU3NYEeCKNX NOAKMHYEHUN.

Mpn pasmeweHnn site-network-accesses B ceTn abOHEHT MOXET 3axOoTeTb MCMOMb30BaTb ONPeAEnEéHHYK MONMUTUKY
MapLipyTm3auun ans atoro goctyna. KoHtenHep site-network-access/availability onpegenset napameTtpbl n3bbITo4HOCTM AnS
pe3epBMpOBaHMA Ha AaHHOM caunTe. JIMcT access-priority onpegenseT npeanoyTeHust Ansi KOHKPETHOro goctyna. Otu
npeanoyTeHNs UCMNOMb3YTCA B CLEHapUsSX «OCHOBHOW-PE3epBHbIN» U «pacrnpegeneHue Harpysku». bonbluee 3HaveHue
access-priority 3agaét 6onee npegnoYTUTEnsLHOE Ucnonb3oBaHue. ATpubyT redundancy-mode onpeaenéH Ans MHOrOOOMHbIX
CaliTOB W CRYXWT ANA WCNOMb30BaHUA B CLEHApUAX  «OOWH aKTUBHbIA» W  «aKTUBHbIA-aKTUBHbIAY». OTO NO3BONSET
noaaepXnBaTb MHOXXECTBO aKTUBHBIX NMYTEN B COCTOSIHUM NEPECHINKM 1 AN pacnpeneneHnst Harpysku.

Ha pucyHke 20 nokasaHbl BapuaHTbl UICNONb3oBaHWs atpnbyTta access-priority.

Ons JIBC Hub#2 Tpebyetcsi pacnpeneneHve Harpysku, nostomy oba site-network-access [OMKHbI UMETb OAMHAKOBbIE
3HauveHusi access-priority. Ons JIBC Hub#1 TpebyeTtca pe3epBupoBaHue poctyna v Oonbluee 3HayeHue access-priority
onpegensaeT oCHOBHoOe coeanHeHue (site-network-access).

'Digital Subscriber Line Access Multiplexer - MynbTUnnekcop UMgpPoBbIX aGOHEHTCKMX NMUHUIA JOCTyna.
2Broadband Access Switch - KOMMyTaTOp LUMPOKOMONMOCHOTO AOCTYNa.
3Route Distinguisher.
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JIBC Hub#l (ocHOBHOI/pes3epBHEIL) JIBC Hub#2 (pacnpepeneHue HarpysKu)
I I
| access-priority 1 access-priority 1
|--- CE1 -----—-- PE1l PE3 ---—-—--- CE3 --- |
I I
I I
|--- CE2 ----—--- PE2 PE4 —--—--—-- CE4 --- |
| access-priority 2 access-priority 1

PE5
|
|
I
CE5

Canr Spoke#l (omHOBOMHEI)

PucyHok 20. lNpumep Hacmpolku npuopumema docmyrna.
MoryT 6bITb NpOMOAeNpoBaHbl U Gonee cnoxHble cueHapun. PaccmoTpum Hub-caiiT ¢ 5 nogkntodeHusimm k cetun (A1, A2, A3,
A4, A5). AGOHEHT x04eT B OObIYHbLIX YCMOBUSIX pacnpedenstb Harpy3ky mexay coefauHeHusimu A1 u A2, npu oTkase aTux
KaHanos - pacnpegenaTb Harpysky mexay A3 n A4, a criyyae oTkasa Bcex kaHanos A1, A2, A3 n A4 - ncnonssosaTtb kaHan Ab5.
3TO MOXHO peanunsoBaTb, yCTaHOBMB 3HadYeHus access-priority: A1=100, A2=100, A3=50, A4=50, A5=10.

Mopoxopn access-priority MeeT HekoTopble orpaHNYeHns. Hanpumep, B oNMcaHHOM Bbille CryYyae nepexof Ha pacrnpeneneHue
Harpy3ku mexay kaHanamm A3 n A4 HegoCTWXKMM B crnyvae OTKasa nulib ofgHoro u3 kaHanos A1 n A2. OpgHako atpubyT
access-priority XopoLwo noaxoauT ANna GONbLUMHCTBA NPaKTUYECKNX peanusaurin n npyu HeobxoanMMoCcTu Moaens MoXeT ObiTb
pacLumpeHa ¢ NOMOLLbIO JONOSTHEHUNA.

5.9. SVC MTU

3HaveHne MTU pgns kagpoB abOHEHTCKOrO cepBMCa MOXHO BbIBECTM W3 MpUHSITOro no ymonyanutwo MTU dusmuecknx
WHTEPdENCOB UK 3afaTh B IUCTE SVC-mtu, eCny NPUHATOE MO YMOMYaHUIO 3HAaYEHNE HE NOAXOAMT.

5.10. KoHTenHep service
KoHTenHep service onpegenseT napameTpbl cepBuca, CBA3aHHbIe C CauTOM.

5.10.1. Mapamemp Bandwidth

MapameTp bandwidth ykasbiBaeT TpeboBaHus K nponyckHon crnocobHocTn mexay yctponctBamu CE mn PE, koTopas moxet
6bITb YKa3aHa 3HayeHueM cornacoeaHHol (CIR'), nsbbitouHon (EIR?) unu nukosoi (PIR®) ckopocTu. 3anpoLueHHas nponyckHas
CNOCOOHOCTb BbIpaXaeTcs Kak BXOAHAas W BbIXOOHAs MPOMyCKHas CnocoOHOCTb, onpeaensiemMble OTHOCUTENbHO cawnTa
aboHeHTa. BxogHas nponyckHas CnoCoOHOCTb YKasbiBaeT CKOPOCTb 3arpy3ky AaHHbIX Ha canT aboHeHTa, BbIXogHasi - CKOPOCTb
BbIFPY3KV AaHHBIX C CaliTa B CEeTb.

MponyckHasi cnocoBHOCTb HacTpaMBaeTCs TONbKO Ha YpOBHe site-network-access (T. . 4ns coeguMHeHWs canTa ¢ CeTblio).

VMcnonb3oBaHne pasHbIX 3Ha4YeHUI MPOMYCKHOW CMOCOOHOCTU B KakAOM HanpasreHun no3sonsiet SP NoHsTb BO3MOXHOCTb
MCnonb3oBaHnsa Ans aboHeHTa aCMMMETPUYHbIX TexHonorni (Hanpumep, ADSL). 3To MOXeT NpUMEHATLCA Takke ANs pasHoro
OrpaHNYeHns CKOPOCTU B KaXKOOM HanpasreHnn Npyu CUMMETPUYHOM COeANHEHWN.

MapameTp svc-bandwidth nmeeTt onpepenéxHbii TUN. [JaHHbIA JOKYMEHT onpeaenseT 4 tuna:

- bw-per-access - nponyckHas CNOCcOBOHOCTL 3a4aéTcsa Ans CoeauHEHUs unu JocTyna cavta B CeTb NPUMEHUTENBbHO KO
BCEM Kagpam cepBuca Ha nHTepdence, CBA3aHHOM C KOHKPETHbLIM MOAKMIOYEHNEM;

- bw-per-cos - nponyckHasi cnocobHoCTb 3aaaétcsa ans knacca obenyxmBanus (CoS), onpeaensis CKopocTb Afst BCexX
kaapoB AaHHoro CoS ¢ KOHKpeTHbIM cos-id,;

- bw-per-svc - nponyckHasa cnocobHoCTb 3agaéTcsa Ans canTta B LenoMm, onpegendaa CKOpOCTb AnA BCeX Kaapos
cepBuca, CBA3aHHbIX C KOHKPETHbIM ak3emnnsipoMm VPN;

- «Henpo3payHasi» MponyckHasi CnocobHOCTb, He CBsi3aHHas ¢ KakuMm-nubo cos-id, aksemnnspom VPN (vpn-id) unu
naeHTNOUKaTopoM AOCTyna canta B CETb.

MapameTp svc-bandwidth pomkeH Bkntovatb cos-id Ana Tuna bw-per-cos. 3HaveHnsa cos-id MOryT BblAeNATLCS Ha ocHose (1)
3HaueHuss |EEE 802.1p [IEEE-802-1D] B C-tag wnu (2) koga DSCP* B 3aronoske IP°. M3mepeHus BbINOMHSOTCA B
COOTBETCTBUM C NPOdUNIEM NPOMYCKHOWM CNOCOBHOCTM, 3aA4aHHbIM COS-id.

Ona tuna bw-per-access napameTtp svc-bandwidth gormkeH ObITb CBA3aH C KOHKPETHLIM NapaMeTpom site-network-access-id.
C KaxablM NOAKIOYEHMEM calTa MOXET ObITb CBA3aHO MHOXECTBO 3HAYEHUIA NMOMOCkl HA YPOBHE COS-id.

Ona tuna bw-per-svc napameTp svc-bandwidth gormkeH BknoyaTb KOHKPETHbIM NapameTp vpn-id. C ogHum cepeucom EVPN
MOXeT ObITb CBSI3aHO MHOXECTBO 3HAa4YeHUIA NOMOChl Ha YPOBHE COos-id.

5.10.2. Mapamemp QoS

Mogaenb onpepensieT napameTpbl Q0S Kak aGeTpakumio:

- qos-classification-policy - onpegensieT Habop ynopsgo4eHHbIX NpaBun knaccudukaumnm aboHeHTCKoro Tpaduka;

'Committed Information Rate - cornacoBaHHasi ckopocTb nepegayn nHgopmaumm.

2Excess Information Rate - n36blITouHas cCKOPOCTb Nepeaayn MHdopMauum.

*Peak Information Rate - nkoBas ckopocTb nepegayn uHgopmaumu.

“Differentiated Services Code Point - ko auddepeHUMpoBaHHOrO 06CNyXMBaHUS.

°B opurvHarne ownG0o4HO ckaszaHo «B 3aronoBke kagpa Ethernet». Cm. http://www.rfc-editor.org/errata/eid5615. Mpum. nepes.
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- qos-profile - onpegenseT npuMeHsiembln Nnpodunb nnaHuposaHus QoS.

5.10.2.1. Knaccudpukauusi QoS

MpaBuna knaccudpukauum QoS onpepensiloTca napameTpom qos-classification-policy, koTopbii npeactaBnsieT cobon
YyNopsiA0YeHHbIN CNCOK MpaBwusl, KOTOPble COMOCTaBAAIOTCA C NOTOKAMMU UMW NPUINIOXKEHNAMW, U yCTaHaBMMBAIOT NOAXOAALLMNIA
ueneBou knacc obenyxmeaHust CoS (target-class-id). Monb3oBaTenb MOXeT ONpPeAenuTb CONoCTaBEHUE C UCMONb30BaAHUEM
bonee KoHKpeTHoOro onpeaenexHus notoka (no MAC-agpecam oTnpasutenen u nony4vaTtenewn, cos, dscp, cos-id, color-id n 1. n.).
3HaveHue color-id MoxeT ObITb HasHadyeHo kagpy Ana uaeHTudukaumm cooTseTcTBus npodwunio QoS. Kagpbl cepsuca
cunTarTca «3enéHblMuy» (green), ecrnm OHWM COOTBETCTBYHOT COMMACOBAHHOWM CKOPOCTM Npoduns NponyckHOM CMOCOOHOCTM.
«Kénteimmn»  (yellow) cuuTaroTcs kagpbl, BbIXOAAWME 3a Npedenbl COrMacOBaHHOM CKOPOCTU, HO COOTBETCTBYHOLLME
«U30bITOYHOMY» CKOPOCTU Mpoduns NponyckHoil crnocobHocTu. «KpacHbiMuy (red) GyayT kagpbl, Bbixoaslue 3a npenensbl
COrnacoBaHHON M N36bITOYHON CKOPOCTW B NPOdue NponyckHOM crnocobHOCTH.

Mpu wncrnonb3oBaHMM oOnNpeferneHvuss noToka nNonb3oBaTeNlb MOXET MPUMEHUTb TNUCT-CMMCOK target-sites aona ykasaHws
nonyyartensa notoka BMeCTO afapeca nonydartens. B Takux crniyyasix npuBsaska mexagy abcTpakumen canta u npumeHsieMbiMu
anst canta MAC-agpecamMu JormkHa BbIMOMHATECA AnHammuyeckn. CnocoObl opraHu3auum Takon MPUBSA3KN BbIXOAAT 3a paMKu
pokymeHTa. CBssb canta ¢ L2VPN ykasbiBaeTca KoHTeWHepoMm vpn-attachment. [oatomy nonb3oBatenb MoxeT
naeHTMdUUMpoBaTh nonyyaTenen B notoke ueneson cetm VPN ¢ nomolibio nucta-cnucka target-sites n koHTenHepa vpn-
attachment. Mpasuna 6e3 onepaTtopa conocTtaBneHuss match cumTalTcs NpaBunamm «CooTBETCTBUS BceMy» (match-all). SP
MOXeT peanv3oBaTb 3aBepluarollee nNpaBuno knaccudukaumm, ecnu aboHeHT He 3adan Takoro npasuna. Micnonb3dyembivi no
ymonyaHuio knacc onpegensietr SP. B aton mogenu onpeaeneHbl HEKOTOPbIE NPUNOXEHUS, HO MOXHO A06aBNATbL HOBblE C
NMOMOLLbIO AOMOMHEHUA. TOYHOE 3HAYEeHUE OTOXOAECTBIEHWS KaXAoro npunoxeHus 3aBucuT oT SP, nostomy npoBangep
AOIMKEH 3apaHee nHopMMpoBaTb aboHeHTa 06 MCMOMb30BaHNM COMOCTABIEHWI MO NPUIOXKEHNSM.

5.10.2.2. NMpocunb QoS
Monb3oBaTenb MOXeT BblOpaTb CTaHAapTHbIM MNpodunb, NPefoCTaBMEHHbLIA ONepaTopoM, WNM co3daTb CBOW Npodwurb.
Mpodunb QoS (qos-profile) onpepenseT npasuna nnaHMpoBaHus Tpaduka, ncnonb3yemole SP.

AboHeHTckui Nnpocdunnb QoS onpepensieTcs kak cnucok 3anucent CoS n cBA3aHHbIX B HUMW CBOWCTB, MPUBEAEHHbBIX HUXKE.

- direction - cnyxuT Ona ykasaHus HanpasfeHusi, K KOTOpoMy rnpumeHsieTcs qos-profile. 3ta mogenb nogaepxvsaet
HanpaBneHve c canta B WAN (site-to-wan), s WAN Ha cawnt (wan-to-site) m OByXCTOpOHHee ynpaBreHue
(bidirectional), koTopoe npumeHsaeTca no ymonyaHuio. [Npu BbIGOPE ABYXCTOPOHHEro YynpasneHus nposanaepy
cnepyet obecneuntb NNaHNpoBaHne Tpadmka B COOTBETCTBUM C 3anpOLUEHHBIMW NpaBunamn B 060Mx HanpaBneHnsx
(ot SP Ha canTt n obpaTtHo). Hanpumep, npaBuna nnaHMpoBaHWs MOryT NMPUMEHATLCA Ha cTtopoHe PE u Ha cTopoHe
CE kaHana WAN. B Hanpaenenun n3 WAN Ha canT npoBangepy crniegyet obecneunmBaTb nnaHMpoBaHue Tpaduvka nua
cetn SP Ha canTt aboHeHTa. Hanpumep, npaBuna ynpaBneHus TpadukoM MOryT ObiTb peanv3oBaHbl MWllb Ha
yctponctee PE, nogkntoyéHHoM K WAN-kaHany B HanpaBneHun aboHeHTa.

- policing - (Heobsi3aTenbHO) Yyka3biBaeT, criefyeT Ny NpUMeHsITb NpaBuna K OAHON CKOPOCTU W ABYM LBETamMu Unu
[LBYM CKOPOCTSIM U TPEM LiBETaM.

- byte-offset - (HeoGsi3aTenbHO) ykasbiBaeT uucno GalToB B 3arofioBKax KagpoB, KOTOPble HE YYUTbIBalOTCS Npwu
OrpaHUYeHNN CKOPOCTM.

- frame-delay - orpaHnumBaeT 3agepxku ANA AaHHoro knacca. OrpaHuyeHne 3afepXkn MoxeT ObiTb yka3aHo
MUWUHMMAaInbHOW BO3MOXHOW 3a4epXKKOW Mnu rpaHnuen 3agepXku B MunnmcekyHaax. BeinonHeHne aToro orpaHmyeHms
3aBUCUT OT peanu3aumn SP - MOXeT NMPUMEHATLCA CTPOrM MEeXaHu3M npuopuTU3auny Ans odepeden Ha KaHane
A0CTyna v B SApe CeTU Unm co3gaBaTbCs NyTb MapLUpyTM3aumm ¢ Marnown 3a4epKKor Ans 9Toro kracca tpaduka.

- frame-jitter - orpaHuMunBaeT Bapuauuu 3agepxek Ans AaHHoro knacca. OrpaHnyeHne MoXeT ObiTb BbIPaXEHO Kak
MVHMManbHas BO3MOXHAs Bapvauusi Unv rpaHvula BapvauuyM B MUNMUCeKyHAax. BeinonHeHne aToro orpaHuyeHus
3aBuCUT OT peanu3aumm SP - MOXeT NpUMEHSTbCS CTPOTMIA MEeXaHu3M NpuopuTM3auny Ans oyepeaen Ha kaHane
[0CTyrna v B sigpe CeTu Unu co3gaBaTtbes NyTb MapLUpyTU3aLum ¢ M3BECTHON BENUYMHOW BapuaLmin Anst 3TOro krnacca.

- bandwidth - 3agaét rapaHTMpoBaHHy nNponyckHyto cnocobHocTb Anst CoS, BbipaxaeMyto B npoueHTax. [NapameTtp
guaranteed-bw-percent ncnonb3yet B kayecTBe e€AMHWLbI OTCYETA AOCTYMHYK MPOMYCKHYI CNOCOBGHOCTb, KOTOPOM
cnepnyeT ObITb He HUWXke 3HadveHus CIR, onpenenéHHOro BO BXOOHOM UMK BbIXOAHOM napameTtpe svc-bandwidth. Mpu
peanusauuun koHTenHepa qos-profile Ha ctopoHe CE B kayecTBe eQuHULIbI OTCHETA NPUMEHSIETCH BbIXOOAHOE 3HaYeHue
svc-bandwidth, a npu peanusaumm Ha cTopoHe PE - BxogHoe 3HauyeHume svc-bandwidth. [lo ymonuyanuio
pe3epBMpOBaHME MNPOMYCKHOW CMOCOOHOCTU rapaHTMpyeTcs Nullb Ha ypoBHe AocTyna. [lonb3oBaTens MOXeT
npuMmeHnTb nMCT end-to-end ana 3anpoca CKBO3HOTMO pPe3epBMPOBaHUSA MPOMYCKHOM CMNOCOOHOCTW, BKMOYasi
TpaHcnopTHyto ceTb MPLS. WHbiMn cnoBamn, SP Gyget aktuBupoBaTb B sgpe MPLS Te wnu wHble cpeactsa
obecneyvyeHnss 3anpoLleHHOW abOHEeHTOM MpOMyCKHOM crnocobHocTn. PelweHne atonm 3agaun  (Hanpumep,
pesepBupoBaHne RSVP-TE unu pesepBrpoBaHne B KOHTPONEPE) BbIXOQUT 3a paMKM JOKYMEHTa.

Kpome ToOro, ycnoBua B CETU MOTyT NpenAaATCTBOBaTb BbIMNOJIHEHUIO npoBangepoM HEKOTOPbIX OrpaHn4YeHuin. B Takux criyvasx
SP cnenyet yBeoomMnaTtb aboHeHTa. Cnocob Takoro yBeOOMI1€HUA BbIXOOUT 3a paMKM OOKYMEHTa.

5.10.3. Moddepxka BUM

KoHTenHep broadcast-unknown-unicast-multicast ykasbiBaeT Tun cawta B TOmonoruu rpynnoBoi nepecbinkyn aboHeHTa -
WCTOYHMK, NnonyyaTtens unun oba cpasy. v napameTpbl MOMOraloT CUCTEME YNPaBeHUss ONTUMU3MPOBATL rPYMNMNOBON TpaduK.

MoxHO co3faTb MHOXECTBO OTOOpaxeHui rpynn Ha nopTbl (group-to-port) ¢ nomoLubio cnucka multicast-gp-address-mapping,
onpegensawowero agpec multicast-rpynnsl 1 Homep nopta LAG. 3Tm napameTtpbl nomorawoT SP BbibpaTb nogxogsiuyto
npuBa3ky nHTepdenca Kk multicast-rpynne ansa ynosnetsopeHus TpeboBaHuin aboHeHTa.

[ns obecneveHns «npo3payHoOn» OOCTaBKM AAaHHOrO Kagpa Bce rpynnoBble kagpbl L2 (gaHHble u ynpaBneHune) cnegyet 6e3
nameHeHun (3a ncknoyeHmem VLAN ID) nepepasate ot CE go CE. 3HaveHusa VLAN ID, 3agaHHble SP, Takke MOXHO MEHSATh.
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Ona ycnyr «Touka-Touka» npoBavaep OOMKEH NWb AOCTaBUTb OAHY KOMWIO KaXOoro kagpa cepsBuca ypganéHHomy PE,
HesaBucumo ot Tmna MAC-agpeca nonyyatens BO BXOAsLEM Kagape (rpynnoBON, MHAUBUAYaNbHbINA, LWNPOKOBELLATENbHbIN).
MoaTomy Bce kaapbl criegyeT AocTaBnsATe 6e3ycrnoBHo.

Mepecbinka kagpos BUM B MHOroTo4e4YHOM CEPBMCE BKIIOYAET NOKanbHY0 NTaBMHHYHO pacchbinky apyrum yctpornctesam AC Toro
xe PE wn ypmanénnyio pennukaumio Ha Bcex apyrmx PE, kotopas TpebyeT OOMOMHUTENbHbIX PECYpPCOB M MPOMYCKHOW
cnocoGHocTH B siape ceTu. Ha obpalléHHbIX Hapyxy uHTepdgencax (UNI unm E-NNI') MoryT 6biTe peanusoBaHbl cneuuansHble
npasuna obpaboTku kagpom BUM c orpaHnyYeHnem CKopoCTU Anst HAX YACMOM NakeToB U OMTOB B CEKyHAY.

MoxeT 3agaBaTbcst 06LWMIA nopor Anst Bcero Tpadpmka BUM unn otaenbHble Nopory Ans kaxaon kateropumn Tpaduka.

5.11. YnpaBneHue cantom
CybkoHTeriHep management npefHasHayeH OnNA ONUMA YNpaBlieHUs CanTOM C YYETOM MNPUHAANEXHOCTU YCTPOMCTB U
KOHTpOnsA goctyna. Huxke kpaTko onncaHbl Tpy 6a3oBble MOAENU ynpasneHus.

YnpaBnsemoe npoeangepom yctponctso CE. MNposargep MOHOMOMbHO BriageeT yctponctBoM CE M TONMbKO OH umeeTt
poctyn k CE. 'paHuua otBetctBeHHOCTM SP u aboHeHTa pasmeltaetca mexay CE u ceTblo aboHeHTa. OTOT BapuaHT
ucnornb3yeTcs Yyalle BCero.

YnpaBnsiemoe aboHeHTOM ycTporictBo CE. AGOHEHT MOHOMONbHO BriageeT ycTponctBom CE 1 Tonbko oH nmeeT focTyn K
CE. 'paHuua otBeTcTBEHHOCTU SP 1 aboHeHTa pa3melyaetcs mexay PE n CE.

CoBmecTHO ynpasngemoe yctponcteo CE. MNMpoearigep Bnageet yctponctsom CE u otBevaet 3a ynpasneHune nm. OgHako
npoBangep npeaocTaBnsieT aboHEHTY JOCTYN K HEKOTOPLIM BO3MOXXHOCTSIM HACTPOWKN 1 MoHUTOpuHra CE. B aTom pexume
rpaHuLa oTBETCTBEHHOCTU Takke pa3mellaetca mexay CE n ceTbio aboHeHTa.

BeibpaHHas mopenb ynpasneHus ykasbiBaetcs B nucte type. Jluct address xpaHut agpec ans ynpasnexus yctporictsom CE.
Jluct management-transport cnyxut gna ykasaHus npotokona, ucnonb3dyemoro Ans ynpasnenvs (IPv4 unn IPv6). Ha ocHoBe
BbIOpaHHOM MoAenu ynpasneHns MoryT 6biTe 3a4aHbl OMONMHUTENbHbIE OMNUMU 3aLUWTHI.

5.12. 3awumTa ot netenb MAC

Mepebpoc MAC-agpeca mexagy dpuranyeckumm nopTaMmm obblI4HO FOBOPUT O HaANMYMM NETNN MEXAY MocTamu B ceTn aboHeHTa.
Beogswme B 3abnyxgeHue 3anucu B Tabnuue kawmposBaHus MAC-agpecoB MOryT MpuBOAMTE K 3aUMKNMBAHWUIO KagpoB
cepBuca B CETV W MNeperpyske KaHarnoB 4epe3 ceTb MpoBaviepa, OKasblBaloWen BnusiHe Ha gpyrue ycnyrm B 1ol cetu. B
cnyyae EVPN aTo Takke BbI3biBaeT MHOXeCTBEHHble 06HOoBReHUs BGP 1 HecTabunbHOCTb Ha ypPOBHE ynpasreHus.

SP moxeT peanv3oBaTb MexaHVW3M MpeaoTBpalleHns neTenb Ha o6palléHHbIX HapyxXy MHTepdencax Ans MHOroToO4e4HOro
cepBuca, 3agaB nopor ans nepebpoca MAC-agpecos.

YacTtoTa nepebpoca MAC-agpecoB v onuum npegoTBpaLLeHns NeTenb Yka3biBaOTCs B KOHTeHepe mac-loop-prevention.

5.13. Orpanunyenue uncna MAC-agpecosn
HeobGn3aTenbHbln KOHTENMHep mac-addr-limit cogepxut npegenbHoe u4ucno aboHeHTckux MAC-agpecoB M AaHHble,
onucbiBatoLLMe NnoBeaeHne npu AocTvxkeHun npegena unu ctapeHun MAC-agpeca.

Mpn peanusauum HECKOMNbKMX 3KIEMMMSPOB CepBUCA Ha OOHOM 3reMeHTe cetu Tabnuua MAC-agpecoB (a Takke
npoctpaHcTBo RIB? ans mapwpytos MAC B cnyyae EVPN) siBnsietca COBMECTHO WCMonb3yeMbiM pecypcom. lposaiiaep
MOXeT orpaHuuuBatb uncrno MAC-agpecoB, y3HaHHbIX OT abOHeHTa, ANsi OQHOro 3K3emnnspa cepBuca C NOMOLLLIO NUCTa
mac-addr-limit n1 moxeT npumeHaTb NMCT action Ans yka3aHus OENCTBMIA B Criyyae MpeBbllUEHUs 3afaHHOoro npegena -
oTOpacbIiBaHMe NakeTa, NTaBMHHAs pacchbiiika Uy NPOCTO 3annChb COObITUSE B CUCTEMHBIN XKypHar.

Ecnu gnsa yenyr «todka-touka» obyveHne MAC oTkntoveHo, orpaHmnymeaTh Yncno MAC-agpecoB He TpebyeTcs.

5.14. PacwunpeHHble Bo3amoxHocTtu VPN

5.14.1. Onepamop Ons1 onepamopos
B cnyuyae CsC?® [RFC8299] aGoHeHT MOXeT 3axoTeTb opraHusoBaTtb cepsuc MPLS Ha ocHose L2VPN anst nepegauun tpaduika.

B npumepe Ha pucyHke 21 ISP1 npopaét ycnyrn L2VPN, HO He nmeeT nHdpacTpyKTypbl aapa Mexay csonmu todkamm POP u
ucnonbdyeT cepsuc L2VPN B kayecTBe Takon MHPACTPYKTYpbl (MpuHagnexatlen gpyromy nposavgepy) mexay csoumm POP.

'External NNI - BHELWHWIN MHTEPdENC MeXay CeTAMM.
2Routing Information Base - 6a3a MapLupyTHO! UHdOpMaLIMK.
3Carriers' Carriers - onepaTop Ansi onepaTopos.
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PucyHok 21. Cepsuc MPLS ¢ ucnons3oeaHuem L2VPN.
Ons nogpepxkn CsC cepeuc VPN gomkeH ykasaTe nogaepxky MPLS nyTém ykasaHusa ans nucta carrierscarrier B Cnncke vpn-
service 3HadeHus true. KaHan mexay CE1_ISP1/PE1 n CE2_ISP1/PE2 gomxeH Takke nogaepXvmeatb NPOTOKOM CUrHanm3aumm
MPLS. KoHdurypaums BeinonHAETCA Ha ypoBHe canTa.

B aToit mogenu B kayecTBe curHanbHoro npotokona MPLS moxeT npumeHaTeca LDP v BGP. B cnyyae LDP pomkeH Takke
NPUMEHATBCST MPOTOKON BHYTPEeHHen mapwpyTtmsaummn IGP. B cnyvae curHanusaumm BGP npoTtokon BGP pomkeH Takke
CNY>XUTb NPOTOKOMOM MapLupyTu3aLuu.

Mpu ncnone3osaruu CsC 3anpalumnBaemMbii NMCT svc-mtu gomkeH ykasbiBatb MPLS MTU, a He MTU Ha kaHane.

5.15. Ccbinku Ha BHeWwHMe ngeHtTudukaTopsbl

Mogenb cepsuca nopou obpallaeTcs K BHeLWHeW nHdopmMaumm NyTém 3agaHuns naeHtudukatopos. Hanpumep, onga 3akasa
pocTtyna B obnako koHkpetHoro CSP' B mogenu ucnonbayetcs ugeHtudgukatop uenesoro CSP. Ecnu aBGoHEHT Hanpsimyto
npumeHsieT moaenb cepsuca B kadectBe AP| (Hanpumep, yepe3 RESTCONF wnn NETCONF) ans 3akasa onpegenéHHon
ycnyru, nposanaepy criegyeT NpefocTaBnaTbL CNNCOK AeNCTBYOWUX naeHTUdMKaTopoB. B cnyyae goctyna k obnaky SP 6yget
npefocTaBnaTb NMAEHTUMMKATOPbI, CBSA3aHHbIE C AOCTYMHbIMKU npoBangepamm CSP. To e camoe OTHOCWUTCH W K APYrum
naeHTudukaTopam (Takmm, kak qos-profile).

Hanpumep, yctaHoBka remote-carrier-name uncnonb3dyetcs B criydae NNI, nmockonbKy aTa vHopmaums HyxHa Tekyluemy
L2VPN SP, c KOTOpbIM OpraHu3yeTcsi COeAMHEHWe, Toraa kak uaeHtudumkatop obnaka (cloud-identifier) HyxeH Tekywiemy
L2VPN SP 1 aboHeHTY, NOCKOMNbKY OH NMPUMEHSETCA ANns 4ocTyna K nybnuyHomy obnaky unu B Internet.

Cnocobbl NnpegocTaBneHns NpoBangepoM aTon MHopMaLmM aGOHEHTY BLIXOAAT 3a PaMKU AOKYMEHTa.

5.16. OnpeneneHne NNI n nogaepxka HecKornbKkux AS

ABToHOMHas cuctema (AS?) npeacTtaenseT coGoil ceTb WM Tpynny ceTell C eAuHbIM aAMUHUCTPUPOBAaHMEM, KOTOpast
MCNONb3yeT OOUH YETKO OnpeaenéHHbI NPOTOKON MaplpyTusauumn. B HekoTopbix crnyyasix Tpebyetcsi opraHmsoBatb VPN
yepes Heckomnbko AS, pasgenéHHbix reorpadmyeckn Unm oTHocsWMxesa K pasHoim SP. CoeanHeHust mexay AS opraHusyoTcs
I'IpOBaVI,CI,epaMVI N He BUAHbI a60HeHTy. |_|pVIMepr TaKnx COeANHEHUI BKITOYatoT:

- napTHepckue oTHoweHus mexay SP (Hanpumep, onepaTop unv obnako) Ans paclumnpenus cepeuca VPN;
- BHYTpPEHHMWe rpaHuLpbl B paMkax ogHoro SP (Hanpumep, TpaHsuTHble ceTu, sapo u LIOM).

Wutepbericel NNI onpegenstotca gnsa opranHudauumn VPN yepes mHoxecTBo AS. B [RFC4761] onpeneneHo MHOXECTBO
BapuaHToB peanusauun VPN NNI (Hanpumep, VPLS), kaxabin U3 KOTOPbIX MMEET CBOM NPEUMYLLECTBa U HeOCTaTK1, HO 3TOT
BOMPOC BbIXOAMT 3a paMKu AoKyMeHTa. Hanpumep B BapuaHTe A (aBe AS) napTHépbl ASBR® coeauHsaioTcs Yepes MHOXECTBO
WHTEP(ENCOB, N3 KOTOPLIX MO KparvHeM Mepe OAMUH, oTHocswmnca B obemm AS, Byaet npucytctsoBath B VPN. YTobbl 37K
ASBR mornun obmeHuBaTbCs 6nokamy MeTOK, OHU CBA3bIBAKOT Kaxabli MHTepdenc ¢ tabnuuen MAC-VRF (VSI, pasgen 2) n
ceccuen BGP. B pesynbtate Tpaduk mexay yctponcteamu B VPLS nepenaétcs no npotokony Ethernet. B aTom BapuaHTe Bce
VPN u3onupoBaHbl ogHa OT APYrou, a NOCKONbKy Tpadumk nepegarTca ¢ nomolubio Ethernet, mexanuambl QoS ans Tpaduka
Ethernet moryT npumeHsaTbca ansa obecneveHnss aboOHEHTCKMX cornawleHunn SLA.

Ha pucyHke 22 nokasaHa ceTb SP (Mos ceTb), nmetoas Heckonbko nHtepdencos NNI, ncnonbayembix ans

'Cloud Service Provider - noctaBLuk 06nayHbIX ycnyr.
2Autonomous System.
3AS Border Router - rpaHnyHblii MapLuipyTusatop AS.
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/ \ \ / \
| O6maumemt | | | | |
| npoBasimep|----- NNI----- | | -==-NNI---| uon |
| #1 | | | | |

\ / I I \ /

________ I I - —— - - - - -
| |
-------- | Most ceTm | ———————————

/ \ | I / \
| OBmaunsmt | | | | |
| nporaiimep|----- NNI----- | | -—-NNI---| IapTHep |
| #2 | | | | L2VEN |

\ / | | | |

-------- | | | |
/ | |
—————————————— \ /
I VS
|
NNI

PucyHok 22. Cemb SP ¢ Heckonbkumu NNI.

- paclmpeHus CBOEero NpuUcyTCTBUSl, OCHOBAHHOIO Ha napTHépcTBe L2VPN;

- noakntoueHns ceomx LLOL k aboHeHTckum L2VPN;

- obecneveHnss aboHeHTam [0CTyna K 4YaCTHbIM pecypcaMm, pacnofnoXeHHbIM B obnake Hekoro nposangepa CSP.

5.16.1. Onpedenerue NNI, eapuaHm A

As a AS B
/ \ / \
| | | |
I ++++++++ Kanan mexny AS+++++++++ I
I + + + + I
I + (MAC-VRF1) -- (VPN1) -- (MAC-VRF1) + I
I + + + + I
I + ASBR + + ASBR + I
I + + + + I
I + (MAC-VRF2) -- (VPN2) -- (MAC-VRF2) + I
I + + + + I
I b+t -+ I
| | | |
| | | |
| | | |
I ++++++++ Kanan mexny AS+++++++++ I
I + + + + I
I + (MAC-VRF1) -- (VPN1) -- (MAC-VRF1) + I
I + + + + I
I + ASBR + + ASBR + I
I + + + + I
I + (MAC-VRF2) -- (VPN2) -- (MAC-VRF2) + I
I + + + + I
I b+t -+ I
| | | |
| | | |
\ / \ /

PucyHok 23. Mnmepdgpetic NNI, eapuaHm A, npumep 1.

B BapuaHte A gBe AS coefuHeHbI

mexgy cobow uanyeckumn KaHanamum Ha Mapuwpytusatopax ASBR. [Ansa

0TKa30yCcToM4MBOCTU Mexay AS MoXeT ObiTb OpraHM3oBaHO MHOXECTBO umanyeckux coepuHeHnuin. CoeguHeHne VPN
(cbmanyeckoe nnm normyeckoe Ha OCHoBe (PU3MYecKoro) cospaétca ansa kaxgon cetn VPN, kotopon Tpebyetca BbIxon 3a

rpaHunuy AS.

C TOukM 3peHus mopenu cepsuca 310 coeguHeHve VPN moxeT Bbirmsgetb canTom. [Npeanonoxum, 4yto AS B xouet
pacwmpuTb coeguHeHne ans VPN C Ha AS A. AamuHuctpaTtop AS B mMoxeT ucnonb3oBaTb 3Ty MOAENb CEpBUCA ANA 3aKasa
canta B AS A. Bce BapuaHTbl MOryT ObITb peann3oBaHbl C MUCMOMb30BaHMEM BO3MOXHOCTEN TeKyLlen moaenu. Hanpumep, Ha
pucyHke 23 nokasaHbl ABa (PU3NYECKUX COEOUHEHWs, HA KOTOpblE HamnoXeHbl noruveckne coefuHeHnss VPN. 310 MOXHO
paccmaTtpuBaTtb kak cueHapui ¢ MHoxecTtBoM VPN. AgmuHucTtpatop AS B moxeT Takke BblbpaTb MOAXOASLUUA MPOTOKOS
mapLipyTusaumn (Hanpumep, EBGP') ana amHammuyeckoro obmeHa mMapLupytamu mMexay AS.

'External BGP - BHewuHuit BGP.
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B atom gokymeHTe npegnonaraetcs, 4To Ans BapmaHTa A nitepdenca NNI cnegyeT npMMeHsATb MMEKOLLYIOCS MOAenb canTa

VPN.

Ha pwucyHke 24 nokasaH npumep, rge aboHeHT xoyeT, ytobbl ero CSP A npucoeguHun cBoOw BUpTyanbHylo ceTb N K

nmetowlerics L2VPN (VPN1) ot cepuca L2VPN nposarigepa SP B.

CSP A

| +

+

+
VM --| |
| BupTyaneHast |

| ceTn |
VM --| |

VM = BupTyanbHasi MaumHa

VM --| b+t
| —====== + (MAC-VRF1) - (VPN1) - (
I
I + ASBR +
|

I b+t

L2VPN SP B

/ \

| |
+H+HbH+ |--- VPN1
+ + | Canr 1
MAC-VRF1) + |
+ + |
+ ASBR + |
+ + |
+H+++++++ |

| |--- VPN1

| | Canir 2

| |

| | --- VPN1

| | Cairr 3

\ /

|
|
VPN1
Canr 4

PucyHok 24. nmepgpetic NNI, eapuaHm A, npumep 2.

Ona nogkntoyeHms VPN nposargep CSP nnv aboHeHT MoxeT ucnonb3oBatb Mogenb L2SM, packpbiTyto npoangepom SP B.
Mockonbky nHTepdernc NNI ncnonb3yeTcsi COBMECTHO, MOXHO cuMTaTh, YTO hmsnyveckoe coeauHeHue (bearer) mexgy CSP A n
SP B yxe umeetca. CSP A moxeT 3anpocuTb 4Yepe3 MOAeNb CepBMCa CO34aHue HOBOrO canTa C OOHUM KOHTEHepoMm site-
network-access (single-homing Ha pucyHke 24). B kayecTBe orpaHuyeHus ans pasmerlenuss CSP A mMoxeT ucnonb3oBaTb
ccbinky Ha HocuTenb (bearer) ot SP A ans pasmewenuss VPN NNI Ha umetowemcs kaHane. MpuBenéHHbii Huxe kog XML
UNMICTPUPYeET BO3MOXHbBIN 3anpoc KoHdurypauumm k nposangepy SP B.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-profiles>

<valid-provider-identifiers>
<gos-profile-identifier>
<id>GOLD</id>
</gos-profile-identifier>
<gos-profile-identifier>
<id>PLATINUM</id>
</gos-profile-identifier>
</valid-provider-identifiers>

</vpn-profiles>
<vpn-services>

<vpn-service>
<vpn-id>VPN1</vpn-id>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>

</vpn-service>

</vpn-services>

<sites>
<site>

<site-id>CSP_A attachment</site-id>
<locations>
<location>
<location-id>NY1l</location-id>
<city>NY</city>
<country-code>US</country-code>
</location>
</locations>

<site-network-accesses>
<site-network-access>

<site-vpn-flavor>site-vpn-flavor-nni</site-vpn-£flavor>

<network-access-id>CSP_A VN1</network-access-id>

<connection>

<encapsulation-type>vlan</encapsulation-type>
<eth-inf-type>tagged</eth-inf-type>

<tagged-interface>

<tagged-inf-type>dotlqg</tagged-inf-type>

<dotlg-vlan-tagged>
<cvlan-id>17</cvlan-id>
</dotlg-vlan-tagged>
</tagged-interface>

</connection>
<service>

<svc-bandwidth>

<bandwidth>

<direction>input-bw</direction>

<type>bw-per-cos</type>
<cir>450000000</cir>
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<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
</service>
<vpn-attachment>
<vpn-id>12456487</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
<management>
<type>customer-managed</type>
</management>
</site>
</sites>
</12vpn-sve>
OnuncaHHbIN Bbllle cnyqaﬁ OoTNiM4aeTCcAa OT CueHapua ncnorib3oBaHUA KOHTeﬂHepa dOUd-aCCGSSGS,KOTOpHﬂ obecneynsaeT
pocTtyn B nybnnyHoe obrnako, Toraa kak B NpyMepe opraHnsyeTcsa AOCTyn K npuBaTHbIM pecypcam B ceTn CSP.

5.16.2. OnpedenerHue NNI, eapuaHnm B

AS A AS B
/ \ / \
I I
++++++++ Kanman mexpy AS++++++++
+ + + +
+ + + +
+ ASBR +<---MP-BGP---->+ ASBR +
+ + + +
+ + + +
++++++++ ++++++++

I I

I I

I I
++++++++ Kamanm Mexmy AS++++++++

+ + + +
+ + + +
+ ASBR +<---MP-BGP---->+ ASBR +
+ + + +
+ + + +
+H++Ht HHH+H+t
I I
I I
\ / \ /

PucyHok 25. Uimepapetic NNI, sapuaHm B, npumep 1.

B BapuaHTe B gBe AS coeguHeHbl mexay cobon dwusmdeckumy kaHanamum Ha ASBR. [Ons 0Tka3oyCTOMYMBOCTU MOXET
MCMnonb3oBaTbCA MHOXecTBO coeauHeHut mexay AS. «VPN-coeguHenune» Mexay AS opraHusyeTcs nyTém obmeHa
mapupytammn VPN ¢ ncnonssosanmem MP-BGP [RFC4761].

CyuwiecTByeT Tpu BapuaHTa peanusaumm Takoro nHtepdernca NNI.

1. NNI gaBnseTca BHyTpeHHUM AnA npoBamgepa u pacnonoxeH mexgy maructpansio v LIOMA. [omeHbl aBnsioTcs
AOBEPEHHBIMU N He HYXHO chunbTpoBatbh mapwpyTtbl VPN, T. e. o6mMeH npouncxoauT Ans Bcex Mapupytos. Moxet
npumeHsTbesa uneTpaumusa RT ansg coxpaHeHus HEKOTOpbIX Heobsi3aTenbHbIX COCTOSHUNA.

2. NNI pacnonaraetcsa mexgy nposangepamu, rotoBbiMn obmeHnBaTbcst mapupytamu VPN nuwb ons koHkpeTHbIX RT.
Kaxabl nposangep noslyymn oT ApYroro NosIHOMOYMS Ha UCMNOMb30BaHWe 3TUX 3HadeHun RT.

3. NNI pacnonaraetca mexagy npoBangepamu, rotoBbiMM 0OMeHnBaTbest maplipytamm VPN nuwb ans KoHKpeTHbIX RT.
Kaxabii npoBangep umeet cBoto cxemy RT. Moatomy paboTatowme vyepes ase cetn aboHeHTbl ByayT nonyyatb Ans
KoHKkpeTHon VPN pasHble RT B kaxxgown ceTu.

B cny4vae 1 mogenb cepBuca He HY>XHa, NOCKOJ1bKY MPOTOKOJ1 NO3BONAET ANHaMnyecknii obmeH HY>XHbIMW MapLlpyTamMu VPN.

B cnyuyae 2 tpebyetcsa nonutuka unbtpaumm RT Ha ASBR. C Touku 3peHus moaenu cepsuca TpebyeTcs cornacoBaTb CNMCOK
RT ansa nepegayn NonHOMOYNNA.

B cny4yae 3 06e AS pgomnxHbl cornacoeats VPN RT ans obmeHa, a Takke otobpaxeHne VPN RT ogHon AS Ha RT us gpyrown.
Takoe MogenmMpoBaHWe BbIXOAMT 3a paMKu 3TOro JOKYMEHTa.

Ha pucyHke 26 nokasaHo coeguHeHne NNI mexagy CSP A u ceTtoto SP B. lNMpoBangepbl He [OBEPSIOT APYr APYrY U Kaxabln
npumMeHsieT cBon npasuna BbigeneHns RT. MNoatomy B TepmuHax peanusauun aboHeHTckad VPN nveet cBoé 3HayeHne RT B
kaxkgon cetn (RT A B CSP A n RT B B cetn SP B). [Ina nogkntoyeHns BupTyanbHon cetn aboHeHTa B CSP A k aboHeHTCkon
L2VPN (VPN1) B cetu SP B npoavgepy CSP A cneayet 3anpocutb y cetu SP B cosgaHue aboHeHTcko VPN Ha
uHtepderice NNI (BocnpusaTue cootBetcTByowero RT). TpaHcnaums RT BbINOMHAETCA HA OCHOBE COrMalleHns Mexay ABYMS
SP - SP B moxeT paspewwmts CSP A 3anpoc TpaHcnauum VPN (RT).
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CSP A L3VPN SP B

/ \ / \
| | | | |
| VM --| ++++++++  NNI ++++++++ |--- VPN1
| | + + + + | Camr 1
| |-————-- + + + + |
| | + ASBR +<-MP-BGP->+ ASBR + |
| | + + + + |
| | ++++++++ ++++++++ |
| VM --| | | | --- VPN1
| | BupryaneHas | | | Canr 2
| | ceTn | | |
| VM --| | | |--- VPN1
| | | | | Canr 3
\ / I I

----------------- | |

\ /
|
VM = BumpTyanbHasi MaumMHa
VPN1
Camnr 4
PucyHok 26. Mnmepagbetic NNI, eapuaHm B, npumep 2.
5.16.3. OnpedeneHue NNI, eapuaHm C
AS A AS B

/ \ / \
| | | |
| | | |
| | | |
| ++++++++ Multihop EBGP ++++++++ |
| + + + + |
| + + + + |
| + RGW +<----MP-BGP---->+ RGW + |
| + + + + |
| + + + + |
| ++++++++ ++++++++ |
| | | |
| | | |
| | | |
| | | |
| | | |
| ++++++++ Kanman mexnpy AS++++++++ |
| + + + + |
| + + + + |
| + ASBR + + ASBR + |
| + + + + |
| + + + + |
| ++++++++ ++++++++ |
| | | |
| | | |
| | | |
| ++++++++ Kanman mexny AS++++++++
| + + + + |
| + + + + |
| + ASBR + + ASBR + |
| + + + + |
| + + + + |
| ++++++++ ++++++++ |
| | | |
| | | |
\ / \ /

PucyHok 27. BapuaHm C dnsi NNI.
C 1ouku 3peHus cepemca VPN BapunaHT C ans NNI oueHb noxox Ha BapuaHT B, nockonbky ncnonb3yetcsa ceccus MP-BGP ans
obmeHa mapwpyTtamm VPN mexay AS. Pasnuume cocTouMT B TOM, YTO YPOBHM MEPECHIKM U YMpaBreHus pasMeLLaroTcs Ha
pasHbiX y3rax, nockonbKy ceccusi MP-BGP BkmovaeT HEeCcKOnbKO 3TamnoB MEPECHINKA MeXAy LuM3aMy MapLupyTi3aumm
(RGW). C To4kn 3peHus cepsuca VPN moagenupoBaHue BapuaHToB B 1 C BbINnonHAETCA MAEHTUYHO.

5.17. NMpumeHnmocTb L2SM B MexxnpoBanaepckon U MeXXaoMeHHOU OpPKeCcTpoBKe

B cnydyasx, korga AS OTHOCATCA K pasHbIM NpoBavAepamM, MOXHO MPeAnonoXutb 3anHTEPECOBaHHOCTb MpOBangepoB B
CHWDKEHUN YMCna CUrHarnbHbIX ceccui vyepes rpaHuuy AS 1 orpaHnyeHum Habopa YCTPOMCTB, Ha KOTOPbIX 3aBEPLUAKTCS Takue
ceccun. 3gecb BO3MOXHbI Ba Noaxoaa:

(a) cospmaHue MexnpoBanOepcKuMxX YNpaBnslolWmMX COeAVMHEHUI, KoTopble paboTaloT NMUllb Mexay ABYMS rpaHUYHbIMM
MapLupyTM3aTopamu;

(b) paspelueHne opraHn3oBbiBaTb CKBO3HblE MHOrocermMmeHTHble coegUHEeHUA bes noanepXkKn CKBO3HOIO ynpaBnArowero
coeaunHeHnd.

MexnpoBangepckue ynpasnsiiolme coeavHeHusi BapuaHTa (a) moryT OblTb peanv3oBaHbl C WUCMONb30BAaHWEM METOLOB,
onucaHHbIX B naparpadge 5.16 (Hanpumep, onpeaeneHne NNI). MHorocermeHTHble coeanHeHWs BapyaHTa (b) MoryT npuBoanTb
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K pelleHnsamM ans coeguHeHnn mexay AS, noxoxum Ha cxemy (b) B pasgene 10 [RFC4364]. 3To MOXHO peann3oBaTtb NyTéM
«CLUMBaHWSA» COEAMHEHU CalWTOB U CErMEHTOB CepBMCa B pasHblX AOMeHax. Hanpumep, CKBO3HOe coeguHeHue mexay
cantamm 1 n 3 4epe3 MHOXECTBO [OOMEHOB (CKaXeM, FOpPOACKUE CeTW) MOXeT ObiTb OpraHn3oBaHO MYTEM CLUMBaHWSA
coeavHenn goctyna Ha cante 1 ¢ SEG1, SEG3, SEG4, a Takke C MOAKIIOYEHNEM K CETU Ha camTe 3 (Kak MokasaHo Ha
pucyHke 28). lMpegnonaraeTcs, 4TO KOMMOHEHT OPKECTPOBKM Ha pUCYHKe 3 [OSKEeH UMeTb npeacTaBfeHue O MOMHON
abcTpakTHOM TOMONOrMK U AOCTYNHOCTU PECYPCOB. OTO MOXKET OCHOBbLIBATLCS Ha MIIaHUPOBaHUN CETU.

+-—+ +--—+ +--—+ +-—+
Caitr 1|PE|==SEGl== ==SEG3== ==SEG4==| PE | Caitr 3
+-—+ +--—+ I +-—+
| I I | ——mmmmee-
| [ [ [ |
==+ -t | -t ==+
Caitr 2|PE|==SEG2== | ==SEG5== | ==SEG6== | ==SEG7==| PE | Caitr 4
+-—+ +-——+ +-——+ +-——+ +-—+

PucyHok 28. Mpumep mexnposalidepckol U Mexx00MeHHOU OPKeCMPOSKU.
OtmeTtum, uto SEG1, SEG2, SEG3, SEG4, SEG5 1 SEG6 MoxxHO paccMmaTpuBaTb Kak MNOAKMIOYEHNST AOCTyNa Ha canTe U OHU
MOryT ObITb CO34aHbl Kak MOAKITHOYEHUS 0ObIYHBIX CaTOB C Ucnonb3oBaHnem L2SM.

Ha pucyHke 28 npotokon BGP cnyxut ans pacnpoctpaHeHusa L2VPN NLRI'" us ogHoii AS B cocegHioo. CHavana
MapLpyTtusatopbl PE ncnonb3ytor BGP gns pacnpoctpaHeHus L2VPN NLRI mapwpyTtusatopam ASBR unu pednektopam
MapLUpyTOB, KnMeHTamu kotopbix sensatoTca ASBR. 3atem ASBR wncnonesyet BGP gnsa pacnpoctpaHerus atux L2VPN NLRI
maplupyTmdatopy ASBR B apyron AS, KOTOpbIV Aanee pacnpocTpaHUT ux MapLupyTtusatopam PE B cBoeli AS nnum, BO3MOXHO,
apyrum ASBR, koTopble pa3oLwunioT aHOHCh! AarbLue.

B atom cnyyae PE moxeT y3HaTb agpec maplipytusatopa ASBR, yepes koTopbii goctyneH apyron PE, ons opraHusaumm
coeauHeHus ¢ nocnegHum. T. e. nokaneHeln PE 6yaet nonyyatb aHoHc BGP ¢ L2VPN NLRI gns ak3emnnsapa L2VPN, roe y
nokaneHoro PE ecTb nogkntoyéHHbIe ydacTHukn. Cnegytowmm nHtepsanom BGP B atom L2VPN NLRI 6yget ASBR nokaneHom
AS. 3atem BMeCTO cO34aHusA YNpaBnsAoLWEro CoeAuHEeHWs 4Yepes Becb MNyTb C yAaaneHHbiM PE, nokanbHbin PE cospact
coegnHeHve nuwb ¢ ASBR, T. e. cermeHT coeguHeHus ot PE go ASBR. MapwpyTtunsatop ASBR moxeT opraHusoBaTb
coeanHenne ¢ ASBR B cneaytouien AS, a 3ateM «CwmnTb» ¢ coeauHeHneM ot PE, kak onucaHo B [RFC6073]. MNMoBTOpeHne
npoueaypsbl Ha kaxxgom ASBR co3gacT Lenoyky CoeMHEeHU, KoTopas Nocrne «CluMBaHNA» CBSDKET ABa MapLupyTmsatopa PE.

OTmeTMM, YTO NpY ONMCAHHOM MOAXOAe JoKanbHbIN MapLupyTudaTtop PE moxeT Hukorga He y3HvaTe IP-agpec yaanérHoro PE.
OH 3HaeT L2VPN NLRI 13 aHoHcoB yganénHoro PE, koTopbli He 065s13aH BkntovaTh agpec yaanénHoro PE, u 3HaeT IP-agpec
ASBR, KoTOpbIV CnyXuT cnegyowmnm nitepsanom BGP gnsa aaHHoro NLRI.

Mpun ucnonb3oBaHun Takoro noaxoda ana VPLS unu nonHocesasHow (full-mesh) VPWS BO3HMKaeT NOMHOCBA3HLI Habop
coeauHeHnn mexay PE, HO nonHocBs3Hble ynpasnsiowme coeguHeHns (ceccum LDP unn L2TPv3) He TpebytoTcsa. BmecTo
3TOro ynpaenswLwme coeanHeHus BHYTpU AS opraHusytoTcs mexay Bcemu PE gaHHon AS u maplupytusatopamm ASBR aton
AS. OgHo ynpasnsiowee coeanHeHne mexay ASBR cmexHbix AS MoxeT nogaepxmnsaTb MHOXECTBO CETMEHTOB COeAMHEHUN
AS-AS, ecnn oHU HYXHbI.

6. Bzaumoodelicmeaue ¢ opyaumu modynsimu YANG

Kak pasbscHeHO B pasgene 4, aTa Mofernb CepBuca He MNpedHasHayeHa ONs 9NeMEeHTOB CeTu, a peanua3yeTcd B cucteme
ynpaslieHu4.

Cuctema ynpasneHna MOXeT UMeTb MOAYJIbHYH KOHCTPYKLUUIO 1 BKIMKOYaTb ABE pa3HbIX YacTu:
a. KOMMOHEHT, OTBeYaloL M 3a MOAENb cepBuca (Ha3OBéM €ro CepBUCHbIM KOMI'IOHeHTOM);
b. KOMMNOHEHT, oTBEYaloLNn 3a HaCTpOVIKy ANIeMEeHTOB CETU (Ha3OBéM ero KOHCbMpraLI,VIOHHbIM KOMI'IOHEHTOM).

B HekoTopbIx cnyvasix, korga TpebyeTcs oTAenuTb MNoBegeHWe U 3anpallvBaeMble abOHEHTOM (OYHKUMM OT CeTeBOn
TEeXHOMOornu, KOTopyto onepaTop ucnonb3yeT Anga npepoctasnexHus ycnyrn [RFC8309], M3 cepBUCHOIO KOMMOHEHTa MOXeT
ObITb BblAENeH HOBbLIN KOMMOHEHT (HA30BEM €ro ynpasnsaowmM). ATOT KOMNOHEHT OTBeYaeT 3a paboTy ceTu n OCBEAOMIIEH O
MHOIMX CBOWCTBaX, BKIOYaA TOMOMOMMI0, TEXHOMOMMIO M MONUTUKY onepaTtopa. byayun HeobA3aTenbHbIM, 3TOT KOMMOHEHT
MOXeT UCMOonb3oBaTb MOAENbL CEpPBMCa B KAYeCTBE BXOAHOW MHpopmaLmmn. STOT KOMMOHEHT MOXET nepefaTb BCE NMOSTHOMOYNS
ynpaBreHns KOHPUIypaunoHHOMY KOMMOHEHTY.

B pasgene 7 npuBenéH npumep TPaHCNAUMM  3anpOCOB Ha MpPeAOoCTaBfieHMEe cepBuMca B CTPOKM  KOHMrypaumm
MapLlpytm3atopa. B skocucteme Ha ocHoBe YANG npepgnonaraetca wucnonb3oBaHne NETCONF u YANG wmexgy
KOH(pMrypaLMoHHbIM KOMMOHEHTOM U CETEBbLIMY 3IeMEHTaMM Ansi HACTPOWKM 3anpoLLEHHOrO CEPBMCA Ha 3TUX 3reMEHTaXx.

B aToii cxeme npepnonaraetcs, 4To mMoAenu aaHHbix YANG OyayT npuMeEHSATbCS Ans HacTPOWKM KOMMOHEHT cepBuca Ha
anemMmeHTax ceTn. bygeT cyuwlecTtBoBaTb TecHas CBA3b Mexay abcTpakTHbIM npeAcTaBneHneM, obecnedvBaemMbiM 3TON
MoZEenb0 cepBuca, U AeTanbHbIM NpeacTaBneHnemM KoHdurypauum, kotopoe 6yaet obecneunBaTbCs KOHKPETHBIMU MOAEMNSIMU
KOHUrypaumm Ons anemeHToB ceTu, Takmmu kak onpegeneHol B [MPLS-L2VPN-YANG] n [EVPN-YANG]. KomnoHeHTbl
cepBUca, Ans KOTOPbIX HY)XXHa HAaCTPOMKa ANEMEHTOB CeTU ANsi NoaaepXKkM onpeaené&HHOM 30ecb MOAENN CePBUCA, BKIOYAIOT:

- onpegeneHns 3K3eMnnspoB ceTen, KoTopble BkrovatoT npasuna VPN;
- busnyeckune nHTepdeincsol;
- napameTpbl ypoBHs Ethernet (Hanpumep, naeHtudmkatopsl VLAN);

- QoS (knaccudukauus, Nnpounm n T. n.);

'Network Layer Reachability Information - nHdpopmaLmsi 0 JOCTYNHOCTU Ha CETEBOM YPOBHE.
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- noppepxka Ethernet Service OAM.

7. Mpumep ucnonb3oeaHusi Modesiu cepeuca

Kak pasbsicHeHO B pasfgene 4, ata MOAeNb cepBuca npedHasHadyeHa Ans peanus3auuu Ha YPOBHE YynpaBneHna un He
paccyMTaHa Ha NpsiMoe MCMNOoNb30oBaHWE anemeHTammn cetn. Cuctema ynpasneHuna crnyxmTt LleHTpanbHOM TOYKOW HaCTPOWKMK
cepBuca B LiENIOM.

B atom pasgene npvBedéH npuvMep MCMNonb30BaHWs MOAENU CUCTEMOW ynpaBreHus Ans HacTponku cepsuca L2VPN Ha
anemMeHTax ceTw.

B npuBenéHHom Huxe npumepe cepsuc VPN opraHusyetca ana 3 cantoB, ncnonb3yrowwmx VPWS «Toyka-Touka» u Tononoruio
cepsuca VPN Hub-and-Spoke, kak nokasaHo Ha pucyHke 29. PacnpegeneHune Harpysku 30ecb He paccMaTpuBaeTcs.

Camnr 1
: : P2P VPWS
:Spoke-canr:----- PEl---—-—————mmm e m o +
: : | Canr 3
............ | e

I

PE3----- Hub-canT

Canr 2 |
............ | -
: : P2P VPWS |
: Spoke-canr:----- PE2---—-——=—————————————————— +

PucyHok 29. SmarnoHHas cemb 05151 npocmoeo rnpumepa.
MpuBenéHHbIn Hxe kog XML ynpoleHHo onuckiBaeT 06LLyto KOHUrypaumio cepsuca ans aton cetm VPN.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>12456487</vpn-id>
<vpn-svc-type>vpws</vpn-svc-type>
<svc-topo>hub-spoke</svc-topo>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
<vpn-service>
<vpn-id>12456488</vpn-id>
<vpn-svc-type>vpws</vpn-svc-type>
<svec-topo>hub-spoke</sve-topo>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
</12vpn-svc>
[Mpu nony4eHnmn 3anpoca Ha opraHu3auuio cepsuca VPN cuctema ynpasneHus GyaeT BHYTPEHHUMU CPeAcTBaMuy (Mnv nyTém
B3anMoAencTeus ¢ Apyrumm komnoHeHTamu OSS) BbigensTe 3HaveHuss VPN RT. B paHHOM KOHKpeTHOM cnyyae OyayT
BblgeneHbl aea 3HadeHuss RT (100:1 ansa koHueHTpatopoB mn 100:2 ana nydyen). MNpuBEAEHHBIA HKe pe3yrnbTaT OnucbiBaeT

KoHurypaumto Spoke-canita 1.

<?xml version="1.0"?>
<1l2vpn-svc xmlns="urn:ietf:params:xml:ns:yang:ietf-12vpn-svc">
<vpn-services>
<vpn-service>
<vpn-id>12456487</vpn-id>
<svc-topo>hub-spoke</svc-topo>
<ce-vlan-preservation>true</ce-vlan-preservation>
<ce-vlan-cos-preservation>true</ce-vlan-cos-preservation>
</vpn-service>
</vpn-services>
<sites>
<site>
<site-id>Spoke_ Sitel</site-id>
<locations>
<location>
<location-id>NY1l</location-id>
<city>NY</city>
<country-code>US</country-code>
</location>
</locations>
<site-network-accesses>
<site-network-access>
<network-access-id>Spoke_UNI-Site1</network-access-id>
<access-diversity>
<groups>
<group>
<group-id>20</group-id>
</group>
</groups>
</access-diversity>
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<connection>
<encapsulation-type>vlan</encapsulation-type>
<tagged-interface>
<dotlg-vlan-tagged>
<cvlan-id>17</cvlan-id>
</dotlg-vlan-tagged>
</tagged-interface>
<l2cp-control>
<stp-rstp-mstp>tunnel</stp-rstp-mstp>
<lldp>true</1l1ldp>
</12cp-control>
</connection>
<service>
<svc-bandwidth>
<bandwidth>
<direction>input-bw</direction>
<type>bw-per-cos</type>
<cir>450000000</cir>
<cbs>20000000</cbs>
<eir>1000000000</eir>
<ebs>200000000</ebs>
</bandwidth>
</svc-bandwidth>
<carrierscarrier>
<signaling-type>bgp</signaling-type>
</carrierscarrier>
</service>
<vpn-attachment>
<vpn-id>12456487</vpn-id>
<site-role>spoke-role</site-role>
</vpn-attachment>
</site-network-access>
</site-network-accesses>
<management>
<type>provider-managed</type>
</management>
</site>
</sites>
</12vpn-svc>
Mpwn nony4eHun 3anpoca Ha npegocTaBneHne Spoke-cavita 1 cuctema ynpasneHusi [OMKHa Bbl4enuTb CeTeBble pecypchl Ans
aTtoro canta. OHa AOJIXHa CHa4dana onpeaenntb ueneBble 3N1eMeHTbl CeTU ONnd npeanoctaBsfieHna OocTyna U, B YaCTHOCTH,
yctponctBo PE (Bo3moxHO, arpervpyrowmin kommyTtatop). Kak onucaHo B naparpadpax 5.3.1 n 5.6, cucteme ynpasneHus
cnepgyeT UCMNONb30BaTb AAaHHbIE O MECTOMOMOXKEHMN N OHA AOJIKHA MPUMEHATb OrpaHuyeHus npu goctyne (access-diversity)
ansa noucka noaxogdwero PE. B atom cniyyae mbl cumtaem, 4to Spoke-cant 1 Tpebyet pasHecenunss PE ¢ Hub-cantamn u
cuctema ynpaenenust 0yaet Bbibupats PE no HammeHbluen yganéHHocTM. Ha OCHOBe [aHHbIX O MECTOMOMOXEHUN cuctema
ynpaenennst HAaNQET aocTynHele PE B 6nnkHe kK aBOHEHTY OKPECTHOCTU U YKaXKeT Cpean HUX NOAXOASALWUA No TpeboBaHUsAM K

pa3HeceHuo goctyna.

Mocne Bbibopa PE cuctema ynpaBneHus OOIKHa BbAENUTL MHTepdecHbIE pecypchkl Ha yane. M3 goctynHeix pecypcos PE
BblbnpaeTca oauH uHTepderic. Cuctema ynpasneHns MoXeT HavaTb MHMUManusauuo yana PE, ucnonbays ntobble yaobHble
cpeactea (Hanpumep, NETCONF, CLI). Cuctema ynpaBneHusi NpoBEPUT HanuuvMe Tabnuubl BUPTyanbHOW MapLupyTM3aumu
VSI, cooTBeTcTBYIOLLEN NOTPEOHOCTSIM. ECnn Tako Tabnuubl HET, cuctema npegocTaBuT eé - 3HadeHne RD GyaeT BbiOpaHo B
COOTBETCTBUM C BHYTPEHHEW NONMUTUKOW, a 3HadeHuss RT OyayT BbiBedeHbl M3 KoHdurypauum vpn-policy ans cavita (1. e.
cuctema ynpasrneHus 6yaet Bblaenatb Hekne 3Hadennsa RT gna VPN). MNockonbky cant oTHocutea K Tuny Spoke (site-role),
cucTema ynpaeneHus 3HaeT, kakne RT AomxkHbl 9KCNopTUPOBaThCA M MMNopTupoBaTtbes. CanT ynpaenseTcs npoBangepom,
noatomy moryT 6biTb fobasneHbl 3HadeHns RT anga ynpaenenuns (100:5000). B koHdurypaumio moryT Takke gobaBnaTbcs
CcTaHAapTHble And nposavigepa npasuna VPN.

Mpumep cospaHHom koHdUrypauun PE npuBenéH Huxe.

12vpn vsi context one
vpn id 12456487

autodiscovery bgp signaling bgp

ve id 1001 <---- VYxasmBaeT MapuwpyTusaTops PE B nmomene VPLS

ve range 50 <---- PasmMep VPLS Edge (VE)

route-distinguisher 100:3123234324

route-target import 100:1

route-target import 100:5000 <---- CraHOapTHas KOH¢urypaumss SP

route-target export 100:2 ANsT yIopaBisieMoro npoBargepoM CE

]

Korgpa Tabnuua VSI npepocTtaBneHa, cuctema ynpaBrieHWs MOXET HayaTb HacTporKy Aoctyna Ha PE ¢ ncnonb3oBaHueM
WHOopMauun o BbiaeneHHoMm uHTepdeince. Ter nnu VLAN (Hanpumep, Ter ak3emnnsipa cepBuca) BblOMpaeTcs cUCTEMOMN
ynpaenenusi. OguH Ter 6yaeT BbiGpaH u3 BolgeneHHon ansa PE noaceTw, apyron 6yaet cnyxuTe ansa Hactponku CE.

Mexay PE n CE 6yayT Takke HacTpoeHbl npoTokonsl LACP. B Mmogenu ¢ npoBaingepckum ynpasneHnem ato 6yaet aenate SP.
OT0T BbIOOP He 3aBmcuT oT npotokona LACP, BbiIGpaHHOro aboHeHTOM.

Mpumep cospaHHon koHUrypauum PE nokasaH Huxe.
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]

bridge-domain 1

member Ethernet0/0 service-instance 100
member vsi one

]

12 router-id 198.51.100.1
]

12 router-id 2001:db8::10:1/64
!

interface Ethernet0/0
no ip address
service instance 100 ethernet

encapsulation dotlq 100
1

!
router bgp 1
bgp log-neighbor-changes
neighbor 198.51.100.4 remote-as 1
neighbor 198.51.100.4 update-source Loopback0
1

address-family l2vpn vpls

neighbor 198.51.100.4 activate

neighbor 198.51.100.4 send-community extended
neighbor 198.51.100.4 suppress-signaling-protocol 1ldp
neighbor 2001:db8::0al0:4 activate

neighbor 2001:db8::0al1l0:4 send-community extended
exit-address-family

]
interface vlan 100 <---- CesiseiBaHMe AC c MAC-VRF Ha PE
no ip address
xconnect vsi PE1-VPLS-A
]
vlan 100
state active
Mockonbky mapLupyTnsatop CE Ha 9TOM 3Tane He A4OCTyNeH, cucTema ynpaBreHUs MOXeT co3aaTth MonHyo KoHdurypaumio CE
ANs 3arpysky BPy4Hyto (Hanpumep, Ao nepegaym ycrponctea CE aboHeHTy, kak onucaHo B naparpade 5.3.1). Kondurypaums
CE Oynet cospgaBatbCca Takum e cnocobom, kak ans ycrtponctea PE. Ha ocHose (1) tTuna CE (npowsBogmTenb, mogens),
BblAeneHHoro aboHeHTy, M (2) gaHHbix O Hocutene (bearer) cuctema ynpaBneHus onpegenseT TPeOyHLWMA HaCTPOMKK
nHtepderic CE. MNpeanonaraetcs, 4To HacTpoika kaHana PE-CE 6ygeT BLINOMHATLCS aBTOMAaTMYECKM C UCMOMb30BaAHUEM
npoeangepckon cuctembl OSS, nockonbKy oba pecypca obcnyxumBatotcst BHYyTpu. NapameTtpsl nHtepdenca mexay CE un JIBC,
Takve kak Term dot1Q, BbiBogsiTca M3 coenumHeHust Ethernet ¢ yuétom pacnpocTpaHeHusi cuctemon ynpaenenust Teros dot1Q
mexay PE n CE BHyTpu nogceTn. OTo no3sonseT co3gatb anst CE koHdurypaumio plug'n'play.

Mpumep cosgaHHom koHpUrypaumm CE nokasaH Huxe.

interface Ethernet0/1
switchport trunk allowed vlan none
switchport mode trunk
service instance 100 ethernet
encapsulation default
12protocol forward cdp

xconnect 203.0.113.1 100 encapsulation mpls
1

8. Modynb YANG

97101 mogynb YANG umnopTtupyetT onpeaenenus tunos (typedef) ns [RFC6991] n [RFC8341].

<CODE BEGINS> file "ietf-12vpn-svc@2018-10-09.yang"
module ietf-12vpn-svc {
yang-version 1.1;
namespace "urn:ietf:params:xml:ns:yang:ietf-12vpn-svc";
prefix l2vpn-svc;

import ietf-inet-types {
prefix inet;

}

import ietf-yang-types {
prefix yang;

}

import ietf-netconf-acm {
prefix nacm;

}

organization
"IETF L2SM Working Group.";
contact
"WG Web: <https://datatracker.ietf.org/wg/12sm/>
WG List: <mailto:1l2sm@ietf.org>
Editor: Giuseppe Fioccola
<mailto:giuseppe.fioccola@tim.it>";

description
"This YANG module defines a generic service configuration model
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for Layer 2 VPN services common across all vendor
implementations.

Copyright (c) 2018 IETF Trust and the persons
identified as authors of the code. All rights reserved.

Redistribution and use in source and binary forms, with or
without modification, is permitted pursuant to, and subject
to the license terms contained in, the Simplified BSD License
set forth in Section 4.c of the IETF Trust's Legal Provisions
Relating to IETF Documents
(https://trustee.ietf.org/license-info).

This version of this YANG module is part of RFC 8466;
see the RFC itself for full legal notices.";

revision 2018-10-09 {
description
"Initial revision.";
reference
"RFC 8466: A YANG Data Model for Layer 2 Virtual Private
Network (L2VPN) Service Delivery";
}

feature carrierscarrier {
description
"Enables the support of carriers' carriers (CsC).";

}

feature ethernet-oam {
description
"Enables the support of Ethernet Service OAM.";
}

feature extranet-vpn {
description
"Enables the support of extranet VPNs.";
}

feature l2cp-control {
description
"Enables the support of L2CP control.";
}

feature input-bw {
description
"Enables the support of input bandwidth in a VPN.";
}

feature output-bw {
description
"Enables the support of output bandwidth in a VPN.";
}

feature uni-list {
description
"Enables the support of a list of UNIs in a VPN.";
}

feature cloud-access {
description
"Allows the VPN to connect to a Cloud Service Provider (CSP)
or an ISP.";

}

feature oam-3ah {
description
"Enables the support of OAM 802.3ah.";
}

feature micro-bfd {
description
"Enables the support of micro-BFD.";
}

feature bfd {
description
"Enables the support of BFD.";
}

feature signaling-options {
description
"Enables the support of signaling options.";
}

feature site-diversity {

39 www.protokols.ru


https://www.protokols.ru/
https://trustee.ietf.org/license-info

dHUMKnoneagusa ceTeBbIX NMPOTOKOOoB

MepeBon RFC 8466

description

"Enables the support of site diversity constraints in a VPN.";

}

feature encryption {
description
"Enables the support of encryption.";
}

feature always-on {
description

"Enables support for the 'always-on' access constraint.";

}

feature requested-type {
description

"Enables support for the 'requested-type' access constraint.";

}

feature bearer-reference {
description

"Enables support for the 'bearer-reference' access

constraint.";

}

feature qos {
description
"Enables support for QoS.";
}

feature gos-custom {
description

"Enables the support of a custom QoS profile.";

}

feature lag-interface {
description
"Enables LAG interfaces.";
}

feature vlan {
description
"Enables the support of VLANs.";
}

feature dotlqg {
description
"Enables the support of dotlQ.";
}

feature ging {
description
"Enables the support of QinQ.";
}

feature ginany {
description
"Enables the support of QinAny.";
}

feature vxlan {
description
"Enables the support of VXLANs.";
}

feature lan-tag {
description
"Enables LAN tag support in a VPN.";
}

feature target-sites {
description
"Enables the support of the 'target-sites'
match-flow parameter.";

}

feature bum {
description
"Enables BUM capabilities in a VPN.";
}

feature mac-loop-prevention {
description

"Enables the MAC loop-prevention capability in a VPN.";
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feature lacp {
description
"Enables the Link Aggregation Control Protocol (LACP)
capability in a VPN.";
}

feature mac-addr-limit {
description
"Enables the MAC address limit capability in a VPN.";

}

feature acl {
description
"Enables the ACL capability in a VPN.";
}

feature cfm {
description
"Enables the 802.lag CFM capability in a VPN.";

}

feature y-1731 {
description
"Enables the Y.1731 capability in a VPN.";
}

typedef svc-id {
type string;
description
"Defines the type of service component identifier.";

}

typedef ccm-priority-type {
type uint8 {
range "0..7";
}
description
"A 3-bit priority value to be used in the VLAN tag,
if present in the transmitted frame.";

}

typedef control-mode ({
type enumeration {
enum peer {
description
"'peer' mode, i.e., participate in the protocol towards
the CE. Peering is common for LACP and the Ethernet
Local Management Interface (E-LMI) and, occasionally,
for LLDP. For VPLSs and VPWSs, the subscriber can also
request that the SP peer enable spanning tree.";
}
enum tunnel {
description
"'tunnel' mode, i.e., pass to the egress or destination
site. For EPLs, the expectation is that L2CP frames are
tunneled.";
}
enum discard {
description
"'discard' mode, i.e., discard the frame.";
}
}
description
"Defines the type of control mode on L2CP protocols.";

}

typedef neg-mode {
type enumeration {
enum full-duplex {
description
"Defines full-duplex mode.";
}
enum auto-neg {
description
"Defines auto-negotiation mode.";
}
}

description
"Defines the type of negotiation mode.";

}

identity site-network-access-type {
description
"Base identity for the site-network-access type.";
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identity point-to-point {
base site-network-access-type;
description
"Identity for a point-to-point connection.";

}

identity multipoint {
base site-network-access-type;
description
"Identity for a multipoint connection, e.g.,
an Ethernet broadcast segment.";

}

identity tag-type ({
description
"Base identity from which all tag types are derived.";

}

identity c-vlan {
base tag-type;
description
"A CVLAN tag, normally using the 0x8100 Ethertype.";
}

identity s-vlan {
base tag-type;
description
"An SVLAN tag.";
}

identity c-s-vlan {
base tag-type;
description
"Using both a CVLAN tag and an SVLAN tag.";
}

identity multicast-tree-type {
description
"Base identity for the multicast tree type.";
}

identity ssm-tree-type {
base multicast-tree-type;
description
"Identity for the Source-Specific Multicast (SSM) tree type.";
reference "RFC 8299: YANG Data Model for L3VPN Service Delivery";
}

identity asm-tree-type {
base multicast-tree-type;
description
"Identity for the Any-Source Multicast (ASM) tree type.";
reference "RFC 8299: YANG Data Model for L3VPN Service Delivery";
}

identity bidir-tree-type {
base multicast-tree-type;
description
"Identity for the bidirectional tree type.";
reference "RFC 8299: YANG Data Model for L3VPN Service Delivery";
}

identity multicast-gp-address-mapping {
description
"Identity for mapping type.";
}

identity static-mapping {
base multicast-gp-address-mapping;
description
"Identity for static mapping, i.e., attach the interface
to the multicast group as a static member.";

}

identity dynamic-mapping {
base multicast-gp-address-mapping;
description
"Identity for dynamic mapping, i.e., an interface was added
to the multicast group as a result of snooping.";

}

identity tf-type {
description
"Identity for the traffic type.";
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identity multicast-traffic {
base tf-type;
description
"Identity for multicast traffic.";
}

identity broadcast-traffic {
base tf-type;
description
"Identity for broadcast traffic.";
}

identity unknown-unicast-traffic {
base tf-type;
description
"Identity for unknown unicast traffic.";

}

identity encapsulation-type {
description
"Identity for the encapsulation type.";
}

identity ethernet {
base encapsulation-type;
description
"Identity for Ethernet type.";
}

identity vlan {
base encapsulation-type;
description
"Identity for the VLAN type.";
}

identity carrierscarrier-type {
description
"Identity of the CsC type.";
}

identity 1dp {
base carrierscarrier-type;
description
"Use LDP as the signaling protocol
between the PE and the CE.";
}

identity bgp {
base carrierscarrier-type;
description
"Use BGP (as per RFC 8277) as the signaling protocol
between the PE and the CE.
In this case, BGP must also be configured as
the routing protocol.";

}

identity eth-inf-type {
description
"Identity of the Ethernet interface type.";
}

identity tagged {
base eth-inf-type;
description
"Identity of the tagged interface type.";
}

identity untagged {
base eth-inf-type;
description
"Identity of the untagged interface type.";
}

identity lag {
base eth-inf-type;
description
"Identity of the LAG interface type.";
}

identity bw-type {
description
"Identity of the bandwidth type.";
}

identity bw-per-cos {
base bw-type;
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description
"Bandwidth is per CoS.";
}

identity bw-per-port ({
base bw-type;
description
"Bandwidth is per site network access.";

}

identity bw-per-site {
base bw-type;
description
"Bandwidth is per site. It is applicable to
all the site network accesses within the site.";

}

identity bw-per-svc {
base bw-type;
description
"Bandwidth is per VPN service.";

}

identity site-vpn-flavor {
description
"Base identity for the site VPN service flavor.";

}

identity site-vpn-flavor-single {
base site-vpn-flavor;
description
"Identity for the site VPN service flavor.
Used when the site belongs to only one VPN.";
}

identity site-vpn-flavor-multi {
base site-vpn-flavor;
description
"Identity for the site VPN service flavor.
Used when a logical connection of a site
belongs to multiple VPNs.";
}

identity site-vpn-flavor-nni ({
base site-vpn-flavor;
description
"Identity for the site VPN service flavor.
Used to describe an NNI option A connection.";

}

identity service-type {
description
"Base identity of the service type.";

}

identity vpws {
base service-type;
description
"Point-to-point Virtual Private Wire Service (VPWS)
service type.";

}

identity pwe3 {
base service-type;
description
"Pseudowire Emulation Edge to Edge (PWE3) service type.";
}

identity ldp-12tp-vpls {
base service-type;
description
"LDP-based or L2TP-based multipoint Virtual Private LAN
Service (VPLS) service type. This VPLS uses LDP-signaled
Pseudowires or L2TP-signaled Pseudowires.";

}

identity bgp-vpls {
base service-type;
description
"BGP-based multipoint VPLS service type. This VPLS uses a
BGP control plane as described in RFCs 4761 and 6624.";
}

identity vpws-evpn {
base service-type;
description
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"VPWS service type using Ethernet VPNs (EVPNs)
as specified in RFC 7432.";

}

identity pbb-evpn {
base service-type;
description
"Provider Backbone Bridge (PBB) service type using
EVPNs as specified in RFC 7432.";
}

identity bundling-type {
description
"The base identity for the bundling type. It supports
multiple CE-VLANs associated with an L2VPN service or
all CE-VLANs associated with an L2VPN service.";
}

identity multi-svc-bundling {
base bundling-type;
description
"Identity for multi-service bundling, i.e.,
multiple CE-VLAN IDs can be associated with an
L2VPN service at a site.";

}

identity one2one-bundling {
base bundling-type;
description
"Identity for one-to-one service bundling, i.e.,
each L2VPN can be associated with only one CE-VLAN ID
at a site.";

}

identity all2one-bundling {
base bundling-type;
description
"Identity for all-to-one bundling, i.e., all CE-VLAN IDs
are mapped to one L2VPN service.";

}

identity color-id {
description
"Base identity of the color ID.";
}

identity color-id-cvlan {
base color-id;
description
"Identity of the color ID based on a CVLAN.";
}

identity cos-id {
description
"Identity of the CoS ID.";
}

identity cos-id-pcp {
base cos-id;
description
"Identity of the CoS ID based on the
Port Control Protocol (PCP).";
}

identity cos-id-dscp {
base cos-id;
description
"Identity of the CoS ID based on DSCP.";
}

identity color-type {
description
"Identity of color types.";
}

identity green {
base color-type;
description
"Identity of the 'green' color type.";
}

identity yellow {
base color-type;
description
"Identity of the 'yellow' color type.";

45 www.protokols.ru


https://www.protokols.ru/

dHUMKnoneagusa ceTeBbIX NMPOTOKOOoB

MepeBon RFC 8466

identity red {
base color-type;
description
"Identity of the 'red' color type.";
}

identity policing {
description
"Identity of the type of policing applied.";
}

identity one-rate-two-color {
base policing;
description
"Identity of one-rate, two-color (1R2C).";
}

identity two-rate-three-color {
base policing;
description
"Identity of two-rate, three-color (2R3C).";
}

identity bum-type {
description
"Identity of the BUM type.";
}

identity broadcast {
base bum-type;
description
"Identity of broadcast.";
}

identity unicast {
base bum-type;
description
"Identity of unicast.";

}

identity multicast {
base bum-type;
description
"Identity of multicast.";
}

identity loop-prevention-type {
description
"Identity of loop prevention.";

}

identity shut {
base loop-prevention-type;
description
"Identity of shut protection.";
}

identity trap {
base loop-prevention-type;
description
"Identity of trap protection.";
}

identity lacp-state {
description
"Identity of the LACP state.";
}

identity lacp-on {
base lacp-state;
description
"Identity of LACP on.";
}

identity lacp-off {
base lacp-state;
description
"Identity of LACP off.";
}

identity lacp-mode {
description
"Identity of the LACP mode.";
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identity lacp-passive {
base lacp-mode;
description
"Identity of LACP passive.";
}

identity lacp-active {
base lacp-mode;
description
"Identity of LACP active.";
}

identity lacp-speed {
description
"Identity of the LACP speed.";
}

identity lacp-fast {
base lacp-speed;
description
"Identity of LACP fast.";
}

identity lacp-slow {
base lacp-speed;
description
"Identity of LACP slow.";
}

identity bw-direction {
description
"Identity for the bandwidth direction.";
}

identity input-bw {
base bw-direction;
description
"Identity for the input bandwidth.";
}

identity output-bw {
base bw-direction;
description
"Identity for the output bandwidth.";
}

identity management {
description

"Base identity for the site management scheme.";

}

identity co-managed {
base management;
description
"Identity for a co-managed site.";

}

identity customer-managed {
base management;
description
"Identity for a customer-managed site.";

}

identity provider-managed {
base management;
description
"Identity for a provider-managed site.";

}

identity address-family ({
description
"Identity for an address family.";

}

identity ipv4 {
base address-family;
description
"Identity for an IPv4 address family.";
}

identity ipv6 {
base address-family;
description
"Identity for an IPv6 address family.";
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identity vpn-topology {
description
"Base identity for the VPN topology.";
}

identity any-to-any {
base vpn-topology;
description
"Identity for the any-to-any VPN topology.";
}

identity hub-spoke {
base vpn-topology;
description
"Identity for the Hub-and-Spoke VPN topology.";
}

identity hub-spoke-disjoint {
base vpn-topology;
description
"Identity for the Hub-and-Spoke VPN topology,
where Hubs cannot communicate with each other.";

}

identity site-role {
description
"Base identity for a site type.";
}

identity any-to-any-role {
base site-role;
description
"Site in an any-to-any L2VPN.";
}

identity spoke-role {
base site-role;
description
"Spoke site in a Hub-and-Spoke L2VPN.";
}

identity hub-role {
base site-role;
description
"Hub site in a Hub-and-Spoke L2VPN.";
}

identity pm-type {
description
"Performance-monitoring type.";

}

identity loss {
base pm-type;
description
"Loss measurement.";

}

identity delay {
base pm-type;
description
"Delay measurement.";

}

identity fault-alarm-defect-type ({
description
"Indicates the alarm-priority defect (i.e., the
lowest-priority defect that is allowed to
generate a fault alarm).";

}

identity remote-rdi {
base fault-alarm-defect-type;
description
"Indicates the aggregate health
of the Remote MEPs.";
}

identity remote-mac-error {
base fault-alarm-defect-type;
description
"Indicates that one or more of the Remote MEPs are
reporting a failure in their Port Status TLVs or
Interface Status TLVs.";
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identity remote-invalid-ccm {
base fault-alarm-defect-type;
description
"Indicates that at least one of the Remote MEP
state machines is not receiving wvalid
Continuity Check Messages (CCMs) from its Remote MEP.";

}

identity invalid-ccm {
base fault-alarm-defect-type;
description
"Indicates that one or more invalid CCMs have been
received and that a period of time 3.5 times the length
of those CCMs' transmission intervals has not yet expired.";

}

identity cross-connect-ccm {
base fault-alarm-defect-type;
description
"Indicates that one or more cross-connect CCMs have been
received and that 3.5 times the period of at least one of
those CCMs' transmission intervals has not yet expired.";

}

identity frame-delivery-mode {
description
"Delivery types.";
}

identity discard {
base frame-delivery-mode;
description
"Service frames are discarded.";

}

jidentity unconditional {
base frame-delivery-mode;
description
"Service frames are unconditionally delivered to the
destination site.";

}

identity unknown-discard {
base frame-delivery-mode;
description
"Service frames are conditionally delivered to the
destination site. Packets with unknown destination addresses
will be discarded.";

}

identity placement-diversity {
description
"Base identity for site placement constraints.";

}

identity bearer-diverse {
base placement-diversity;
description
"Identity for bearer diversity.
The bearers should not use common elements.";

}

identity pe-diverse {
base placement-diversity;
description
"Identity for PE diversity.";
}

identity pop-diverse {
base placement-diversity;
description
"Identity for POP diversity.";
}

identity linecard-diverse {
base placement-diversity;
description
"Identity for linecard diversity.";

}

identity same-pe {
base placement-diversity;
description
"Identity for having sites connected on the same PE.";
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identity same-bearer ({
base placement-diversity;
description

"Identity for having sites connected using the same bearer.";

}

identity tagged-inf-type {
description
"Identity for the tagged interface type.";
}

identity priority-tagged {
base tagged-inf-type;
description
"Identity for the priority-tagged interface.";
}

identity qging {
base tagged-inf-type;
description
"Identity for the QinQ tagged interface.";
}

identity dotlqg {
base tagged-inf-type;
description
"Identity for the dotlQ VLAN tagged interface.";
}

identity ginany {
base tagged-inf-type;
description
"Identity for the QinAny tagged interface.";
}

identity vxlan {
base tagged-inf-type;
description
"Identity for the VXLAN tagged interface.";
}

identity provision-model {
description
"Base identity for the provision model.";

}

identity single-side-provision {
description
"Identity for single-sided provisioning with discovery.";

}

identity doubled-side-provision {
description
"Identity for double-sided provisioning.";
}

identity mac-learning-mode {
description
"MAC learning mode.";

}

identity data-plane {
base mac-learning-mode;
description
"User MAC addresses are learned through ARP broadcast.";

}

identity control-plane {
base mac-learning-mode;
description
"User MAC addresses are advertised through EVPN-BGP.";

}

identity vpn-policy-filter-type {
description
"Base identity for the filter type.";
}

identity lan {
base vpn-policy-filter-type;
description
"Identity for a LAN tag filter type.";
}

identity mac-action {
description

50

www.protokols.ru


https://www.protokols.ru/

MepeBon RFC 8466

SHuUMKNoneansa ceTeBbIX NpPOTOKOJIOB

"Base identity for a MAC action.";

}

identity drop {
base mac-action;
description

"Identity for dropping a packet.";

}

identity flood {
base mac-action;
description
"Identity for packet flooding.";
}

identity warning {
base mac-action;
description

"Identity for sending a warning log message.";

}

identity gos-profile-direction {
description

"Base identity for the QoS-profile direction.";

}

identity site-to-wan {
base gos-profile-direction;
description

"Identity for the site-to-WAN direction.";

}

identity wan-to-site ({
base gos-profile-direction;
description

"Identity for the WAN-to-site direction.";

}

identity bidirectional {
base gos-profile-direction;
description

"Identity for both the WAN-to-site direction
and the site-to-WAN direction.";

}

identity vxlan-peer-mode {
description

"Base identity for the VXLAN peer mode.";

}

identity static-mode ({
base vxlan-peer-mode;
description

"Identity for VXLAN access in the static mode.";

}

identity bgp-mode {
base vxlan-peer-mode;
description

"Identity for VXLAN access by BGP EVPN learning.";

}

identity customer-application {
description

"Base identity for a customer application.";

}

identity web {
base customer-application;
description

"Identity for a web application (e.g., HTTP,

}

identity mail {
base customer-application;
description

"Identity for a mail application.";

}

identity file-transfer ({
base customer-application;
description

"Identity for a file-transfer application

(e.g., FTP, SFTP).";
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identity database {
base customer-application;
description
"Identity for a database application.";

}

identity social {
base customer-application;
description
"Identity for a social-network application.";

}

identity games {
base customer-application;
description
"Identity for a gaming application.";

}

identity p2p {
base customer-application;
description
"Identity for a peer-to-peer application.";

}

identity network-management {
base customer-application;
description
"Identity for a management application
(e.g., Telnet, syslog, SNMP).";
}

identity voice {
base customer-application;
description
"Identity for a voice application.";

}

identity video {
base customer-application;
description
"Identity for a videoconference application.";

}

identity embb {

base customer-application;

description
"Identity for the enhanced Mobile Broadband (eMBB)
application. Note that the eMBB application
requires strict threshold values for a wide variety
of network performance parameters (e.g., data rate,
latency, loss rate, reliability).";

}

identity urllc {
base customer-application;
description
"Identity for the Ultra-Reliable and Low Latency
Communications (URLLC) application. Note that the
URLLC application requires strict threshold values for
a wide variety of network performance parameters
(e.g., latency, reliability).";
}

identity mmtc {
base customer-application;
description
"Identity for the massive Machine Type
Communications (mMTC) application. Note that the
mMTC application requires strict threshold values for
a wide variety of network performance parameters
(e.g., data rate, latency, loss rate, reliability).";
}

grouping site-acl {
container access-control-list {
if-feature "acl";
list mac {
key "mac-address";
leaf mac-address {
type yang:mac-address;
description
"MAC addresses.";
}
description
"List of MAC addresses.";
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description
"Container for the ACL.";

}
description
"Grouping that defines the ACL.";

}

grouping site-bum {
container broadcast-unknown-unicast-multicast {
if-feature "bum";
leaf multicast-site-type {
type enumeration {
enum receiver-only {
description
"The site only has receivers.";
}
enum source-only {
description
"The site only has sources.";
}
enum source-receiver {
description
"The site has both sources and receivers.";
}
}
default "source-receiver";
description
"Type of multicast site.";
}
list multicast-gp-address-mapping {
key "id";
leaf id {
type uintlé;
description
"Unique identifier for the mapping.";
}
leaf vlan-id {
type uintlé {
range "0..1024";
}
mandatory true;
description
"The VLAN ID of the multicast group.
The range of the 12-bit VLAN ID is 0 to 1024.";
}
leaf mac-gp-address {
type yang:mac-address;
mandatory true;
description
"The MAC address of the multicast group.";
}
leaf port-lag-number {
type uint32;
description
"The ports/LAGs belonging to the multicast group.";
}
description
"List of port-to-group mappings.";
}
leaf bum-overall-rate {
type uinté4;
units "bps";
description
"Overall rate for BUM.";
}
list bum-rate-per-type {
key "type";
leaf type {
type identityref {
base bum-type;
}
description
"BUM type.";
}
leaf rate {
type uinté64;
units "bps";
description
"Rate for BUM.";
}
description
"List of limit rates for the BUM type.";
}
description
"Container of BUM configurations.";
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description
"Grouping for BUM.";
}

grouping site-mac-loop-prevention {
container mac-loop-prevention {
if-feature "mac-loop-prevention";
leaf protection-type {
type identityref ({
base loop-prevention-type;
}
default "trap";
description
"Protection type. By default, the protection
type is 'trap'.";
}
leaf frequency {
type uint32;
default "5";
description
"The number of times to detect MAC duplication, where
a 'duplicate MAC address' situation has occurred and
the duplicate MAC address has been added to a list of
duplicate MAC addresses. By default, the number of
times is 5.";
}
leaf retry-timer {
type uint32;
units "seconds";
description
"The retry timer. When the retry timer expires,
the duplicate MAC address will be flushed from
the MAC-VRF.";
}
description
"Container of MAC loop-prevention parameters.";
}
description
"Grouping for MAC loop prevention.";

}

grouping site-service-qos-profile {
container gos {
if-feature "qos";
container gos-classification-policy {
list rule {
key "id";
ordered-by user;
leaf id {
type string;
description
"A description identifying the QoS classification
policy rule.";
}
choice match-type {
default "match-flow";
case match-flow {
container match-flow {
leaf dscp {
type inet:dscp;
description
"DSCP value.";
}
leaf dotlqg {
type uintlé;
description

"802.1Q matching. It is a VLAN tag added into

a frame.";
}
leaf pcp {
type uint8 {
range "0..7";
}
description
"PCP value.";
}
leaf src-mac {
type yang:mac-address;
description
"Source MAC.";
}
leaf dst-mac {
type yang:mac-address;
description
"Destination MAC.";
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leaf color-type {
type identityref ({
base color-type;
}
description
"Color types.";

}
leaf-list target-sites ({
if-feature "target-sites";
type svec-id;
description
"Identifies a site as a traffic destination.";
}
leaf any {
type empty;
description
"Allow all.";
}
leaf vpn-id {
type svc-id;
description
"Reference to the target VPN.";
}
description
"Describes flow-matching criteria.";
}
}
case match-application {
leaf match-application {
type identityref {
base customer-application;
}
description
"Defines the application to match.";
}
}
description
"Choice for classification.";
}
leaf target-class-id {
type string;
description
"Identification of the CoS.
This identifier is internal to the
administration.";
}
description
"List of marking rules.";
}
description
"Configuration of the traffic classification policy.";
}
container gos-profile {
choice gos-profile {
description
"Choice for the QoS profile.
Can be a standard profile or a customized profile.";
case standard {
description
"Standard QoS profile.";
leaf profile {
type leafref {
path "/l2vpn-svc/vpn-profiles/"
+ "valid-provider-identifiers/"
+ "qgos-profile-identifier";
}
description
"QoS profile to be used.";
}
}
case custom {
description
"Customized QoS profile.";
container classes {
if-feature "gos-custom";
list class {
key "class-id";
leaf class-id {
type string;
description
"Identification of the CoS. This identifier is
internal to the administration.”;
}
leaf direction {
type identityref ({
base gos-profile-direction;
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}
default "bidirectional";
description
"The direction in which the QoS profile is
applied. By default, the direction is
bidirectional.";
}
leaf policing {
type identityref ({
base policing;
}
default "one-rate-two-color";
description
"The policing type can be either one-rate,
two-color (1lR2C) or two-rate, three-color
(2R3C) . By default, the policing type is
'one-rate-two-color'.";
}
leaf byte-offset {
type uintlé;
description

"Number of bytes in the service frame header

that are excluded from the QoS calculation
(e.g., extra VLAN tags).";
}
container frame-delay ({
choice flavor {
case lowest {
leaf use-lowest-latency {
type empty;
description

"The traffic class should use the path

with the lowest delay.";

}
}
case boundary {
leaf delay-bound {
type uintlé;
units "milliseconds";
description
"The traffic class should use a path
with a defined maximum delay.";

}
}
description
"Delay constraint on the traffic class.";
}
description
"Delay constraint on the traffic class.";
}
container frame-jitter {
choice flavor {
case lowest {
leaf use-lowest-jitter {
type empty;
description

"The traffic class should use the path

with the lowest jitter.";

}
}
case boundary {
leaf delay-bound {
type uint32;
units "microseconds";
description
"The traffic class should use a path
with a defined maximum jitter.";

}
}

description

"Jitter constraint on the traffic class.";

}
description
"Jitter constraint on the traffic class.";
}
container frame-loss {
leaf rate {
type decimal64 {
fraction-digits 2;
range "0..100";
}
units "percent";
description

"Frame loss rate constraint on the traffic

class.";
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description
"Container for frame loss rate.";
}
container bandwidth {
leaf guaranteed-bw-percent ({
type decimal64 {
fraction-digits 5;
range "0..100";
}
units "percent";
mandatory true;

description
"Used to define the guaranteed bandwidth

as a percentage of the available service
bandwidth.";
}
leaf end-to-end {
type empty;
description
"Used if the bandwidth reservation
must be done on the MPLS network too.";

}
description
"Bandwidth constraint on the traffic class.";

}
description
"List of CoS entries.";
}
description
"Container for list of CoS entries.";

}
}
description
"Qos profile configuration.";
}
description
"QoS configuration.";
}
description
"Grouping that defines QoS parameters for a site.";

}

grouping site-service-mpls {
container carrierscarrier {
if-feature "carrierscarrier";
leaf signaling-type {
type identityref {
base carrierscarrier-type;
}
default "bgp";
description
"CsC. By default, the signaling type is 'bgp'.";
}
description
"Container for CsC.";
}
description
"Grouping for CsC.";

}

container 1l2vpn-svc {
container vpn-profiles ({
container valid-provider-identifiers {
leaf-list cloud-identifier {
if-feature "cloud-access";
type string;
description
"Identification of the public cloud service or
Internet service. Local to each administration.";
}
leaf-1list gos-profile-identifier ({
type string;
description
"Identification of the QoS profile to be used.
Local to each administration.";
}
leaf-1list bfd-profile-identifier ({
type string;
description
"Identification of the SP BFD profile to be used.
Local to each administration.";
}
leaf-1list remote-carrier-identifier ({
type string;
description
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"Identification of the remote carrier name to be used.
It can be an L2VPN partner, data-center SP, or
private CSP. Local to each administration.";

}

nacm:default-deny-write;
description
"Container for valid provider identifiers.";

}
description
"Container for VPN profiles.";
}
container vpn-services {
list vpn-service ({
key "vpn-id";
leaf vpn-id {
type svec-id;
description
"Defines a service identifier.";
}
leaf vpn-svc-type {
type identityref ({
base service-type;
}
default "vpws";
description
"Service type. By default, the service type is 'vpws'.";
}
leaf customer-name {
type string;
description
"Customer name.";
}
leaf svc-topo {
type identityref ({
base vpn-topology;
}
default "any-to-any";
description
"Defines the service topology, e.g.,
'any-to-any', 'hub-spoke'.";
}
container cloud-accesses {
if-feature "cloud-access";
list cloud-access {
key "cloud-identifier";
leaf cloud-identifier {
type leafref {
path "/l2vpn-svc/vpn-profiles/"
+ "valid-provider-identifiers"
+ "/cloud-identifier";
}
description
"Identification of the cloud service.
Local to each administration.";
}
choice list-flavor {
case permit-any {
leaf permit-any {
type empty;
description
"Allow all sites.";
}
}
case deny-any-except {
leaf-1list permit-site {
type leafref {
path "/l2vpn-svc/sites/site/site-id";
}
description
"Site ID to be authorized.";

}
}
case permit-any-except {
leaf-1list deny-site {
type leafref {
path "/l2vpn-svc/sites/site/site-id";
}
description
"Site ID to be denied.";

}
}
description
"Choice for cloud access policy.
By default, all sites in the L2VPN
MUST be authorized to access the cloud.";
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description
"Cloud access configuration.";

}
description
"Container for cloud access configurations.";
}
container frame-delivery {
if-feature "bum";
container customer-tree-flavors {
leaf-list tree-flavor {
type identityref {
base multicast-tree-type;
}
description
"Type of tree to be used.";
}
description
"Types of trees used by the customer.";
}
container bum-deliveries {
list bum-delivery {
key "frame-type";
leaf frame-type {
type identityref {
base tf-type;
}
description
"Type of frame delivery. It supports unicast
frame delivery, multicast frame delivery,
and broadcast frame delivery.";
}
leaf delivery-mode {
type identityref {
base frame-delivery-mode;
}

default "unconditional";

description
"Defines the frame delivery mode
('unconditional' (default), 'conditional',
or 'discard'). By default, service frames are

unconditionally delivered to the destination site.";
}
description
"List of frame delivery types and modes.";
}
description
"Defines the frame delivery types and modes.";
}
leaf multicast-gp-port-mapping {
type identityref {
base multicast-gp-address-mapping;

}
mandatory true;
description
"Describes the way in which each interface is
associated with the multicast group.";
}
description

"Multicast global parameters for the VPN service.";
}
container extranet-vpns {
if-feature "extranet-vpn";
list extranet-vpn ({
key "vpn-id";
leaf vpn-id {
type svec-id;
description
"Identifies the target VPN that the local VPN wants to
access.";
}
leaf local-sites-role {
type identityref {
base site-role;

}
default "any-to-any-role";
description
"Describes the role of the local sites in the target
VPN topology. In the any-to-any VPN service topology,
the local sites must have the same role, which will be
'any-to-any-role'. 1In the Hub-and-Spoke VPN service
topology or the Hub-and-Spoke-Disjoint VPN service
topology, the local sites must have a Hub role or a
Spoke role.";
}
description

"List of extranet VPNs to which the local VPN
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is attached.";

}
description
"Container for extranet VPN configurations.";
}
leaf ce-vlan-preservation {
type boolean;
mandatory true;
description
"Preserves the CE-VLAN ID from ingress to egress, i.e.,
the CE-VLAN tag of the egress frame is identical to
that of the ingress frame that yielded this
egress service frame. If all-to-one bundling within
a site is enabled, then preservation applies to all
ingress service frames. If all-to-one bundling is
disabled, then preservation applies to tagged
ingress service frames having CE-VLAN IDs 1 through 4094.";
}
leaf ce-vlan-cos-preservation ({
type boolean;
mandatory true;
description
"CE VLAN CoS preservation. The PCP bits in the CE-VLAN tag
of the egress frame are identical to those of the
ingress frame that yielded this egress service frame.";
}
leaf carrierscarrier ({
if-feature "carrierscarrier";
type boolean;
default "false";
description
"The VPN is using CsC, and so MPLS is required.";
}
description
"List of VPN services.";
}
description
"Container for VPN services.";
}
container sites {
list site {
key "site-id";
leaf site-id {
type string;
description
"Identifier of the site.";
}
leaf site-vpn-flavor ({
type identityref {
base site-vpn-flavor;
}
default "site-vpn-flavor-single";
description
"Defines the way that the VPN multiplexing is
done, e.g., whether the site belongs to
a single VPN site or a multi-VPN site. By
default, the site belongs to a single VPN.";
}
container devices {
when "derived-from-or-self (../management/type,
+ "'l2vpn-svc:provider-managed') or "
+ "derived-from-or-self (../management/type,
+ "'l2vpn-svc:co-managed')" {
description
"Applicable only for a provider-managed or
co-managed device.";

}
list device {
key "device-id";
leaf device-id {
type string;
description
"Identifier for the device.";
}
leaf location {
type leafref {
path "../../../locations/location/location-id";
}
mandatory true;
description
"Location of the device.";
}
container management {
when "derived-from-or-self(../../../management/type,
+ "'l2vpn-svc:co-managed')" {
description
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"Applicable only for a co-managed device.";
}
leaf transport {
type identityref ({
base address-family;
}
description
"Transport protocol or address family
used for management.";
}
leaf address {
when '(../ transport)' {
description
"If the address family is specified, then the
address should also be specified. If the
transport is not specified, then the address
should not be specified.";
}
type inet:ip-address;
description
"Management address.";
}
description
"Management configuration. Applicable only for a
co-managed device.";
}
description
"List of devices requested by the customer.";
}
description
"Device configurations.";
}
container management {
leaf type {
type identityref {
base management;
}
mandatory true;
description
"Management type of the connection.";
}
description
"Management configuration.";
}
container locations {
list location {
key "location-id";
leaf location-id {
type string;
description
"Location ID.";
}
leaf address {
type string;
description
"Address (number and street) of the site.";
}
leaf postal-code {
type string;
description

"Postal code of the site. The format of 'postal-code'

is similar to the 'PC' (postal code) label format
defined in RFC 4119.";
}
leaf state {
type string;
description

"State (region) of the site. This leaf can also be used

to describe a region of a country that does not have

states.";
}
leaf city {
type string;
description
"City of the site.";
}
leaf country-code ({
type string;
description

"Country of the site. The format of 'country-code'

is

similar to the 'country' label defined in RFC 4119.";

}
description
"List of locations.";
}

description

61

www.protokols.ru


https://www.protokols.ru/

dHUuMKnonegusa ceTeBbiX NPOTOKONOB MepeBon RFC 8466
"Location of the site.";

}
container site-diversity {
if-feature "site-diversity";
container groups {
list group {
key "group-id";
leaf group-id {
type string;
description
"The group-id to which the site belongs.";
}
description
"List of group-ids.";
}
description
"Groups to which the site belongs.
All site network accesses will inherit those group
values.";
}
description
"The type of diversity constraint.";
}
container vpn-policies {
list vpn-policy {
key "vpn-policy-id";
leaf vpn-policy-id {
type string;
description
"Unique identifier for the VPN policy.";
}
list entries {
key "id";
leaf id {
type string;
description
"Unique identifier for the policy entry.";
}
container filters ({
list filter {
key "type";
ordered-by user;
leaf type {
type identityref ({
base vpn-policy-filter-type;
}
description
"Type of VPN policy filter.";
}
leaf-list lan-tag {
when "derived-from-or-self(../type,
+ "'l2vpn-svc:lan')" {
description
"Only applies when the VPN policy filter is a
LAN tag filter.";

}
if-feature "lan-tag";
type uint32;
description
"List of Ethernet LAN tags to be matched. An
Ethernet LAN tag identifies a particular
broadcast domain in a VPN.";
}
description
"List of filters used on the site. This list can
be augmented.";
}
description
"If a more granular VPN attachment is necessary,
filtering can be used. If used, it permits the
splitting of site LANs among multiple VPNs. The
site LAN can be split based on either the LAN tag or
the LAN prefix. If no filter is used, all the LANs
will be part of the same VPNs with the same role.";
}
list vpn {
key "vpn-id";
leaf vpn-id {
type leafref {
path "/l2vpn-svec/vpn-services/vpn-service/vpn-id";
}
description
"Reference to an L2VPN.";
}
leaf site-role {
type identityref ({
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base site-role;
}
default "any-to-any-role";
description
"Role of the site in the L2VPN.";
}
description
"List of VPNs with which the LAN is associated.";
}
description
"List of entries for an export policy.";
}
description
"List of VPN policies.";
}
description
"VPN policy.";
}
container service {
uses site-service-gos-profile;
uses site-service-mpls;
description
"Service parameters on the attachment.";
}
uses site-bum;
uses site-mac-loop-prevention;
uses site-acl;
leaf actual-site-start {
type yang:date-and-time;
config false;
description
"This leaf is optional. It indicates the date and time
when the service at a particular site actually started.";
}
leaf actual-site-stop {
type yang:date-and-time;
config false;
description
"This leaf is optional. It indicates the date and time
when the service at a particular site actually stopped.";
}
leaf bundling-type {
type identityref {
base bundling-type;
}
default "one2one-bundling";
description
"Bundling type. By default, each L2VPN
can be associated with only one
CE-VLAN, i.e., one-to-one bundling is used.";
}
leaf default-ce-vlan-id {
type uint32;
mandatory true;
description
"Default CE VLAN ID set at the site level.";
}
container site-network-accesses {
list site-network-access {
key "network-access-id";
leaf network-access-id {
type string;
description
"Identifier of network access.";
}
leaf remote-carrier-name {
when "derived-from-or-self(../../../site-vpn-flavor,"
+ "'l2vpn-svc:site-vpn-flavor-nni')" {
description
"Relevant when the site's VPN flavor is
'site-vpn-flavor-nni'.";
}
type leafref {
path "/l12vpn-svc/vpn-profiles/"
+ "valid-provider-identifiers"
+ "/remote-carrier-identifier";
}
description
"Remote carrier name. The 'remote-carrier-name'
parameter must be configured only when
'site-vpn-flavor' is set to 'site-vpn-flavor-nni'.
If it is not set, it indicates that the customer
does not know the remote carrier's name
beforehand.";
}
leaf type {
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type identityref ({
base site-network-access-type;
}
default "point-to-point";
description
"Describes the type of connection, e.g.,
point-to-point or multipoint.";
}
choice location-flavor {
case location {
when "derived-from-or-self(../../management/type,
+ "'l2vpn-svc:customer-managed')" {
description

"Applicable only for a customer-managed device.";

}
leaf location-reference ({
type leafref {

path "../../../locations/location/location-id";

}
description
"Location of the site-network-access.";
}
}
case device {
when "derived-from-or-self(../../management/type,
+ "'l2vpn-svc:provider-managed') or "
+ "derived-from-or-self(../../management/type,
+ "'l2vpn-svc:co-managed')" {
description
"Applicable only for a provider-managed
or co-managed device.";
}
leaf device-reference {
type leafref {
path "../../../devices/device/device-id";
}
description
"Identifier of the CE to use.";
}
}
mandatory true;
description
"Choice of how to describe the site's location.";
}
container access-diversity {
if-feature "site-diversity";
container groups {
list group {
key "group-id";
leaf group-id {
type string;
description
"Group-id to which the site belongs.";
}
description
"List of group-ids.";
}
description
"Groups to which the site or site-network-access
belongs.";
}
container constraints {
list constraint {
key "constraint-type";
leaf constraint-type ({
type identityref {
base placement-diversity;
}
description
"The type of diversity constraint.";
}
container target {
choice target-flavor {
default "id";
case id {
list group {
key "group-id";
leaf group-id {
type string;
description

"The constraint will apply against this

particular group-id.";
}
description
"List of groups.";
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}
case all-accesses {
leaf all-other-accesses {
type empty;
description
"The constraint will apply against all other
site network accesses of this site.";
}
}
case all-groups {
leaf all-other-groups {
type empty;
description
"The constraint will apply against all other
groups the customer is managing.";
}
}
description
"Choice for the group definition.";
}
description
"The constraint will apply against
this list of groups.";
}
description
"List of constraints.";
}
description
"Constraints for placing this site network access.";
}
description
"Diversity parameters.";
}
container bearer {
container requested-type {
if-feature "requested-type";
leaf type {
type string;
description
"Type of requested bearer: Ethernet, ATM, Frame
Relay, IP Layer 2 transport, Frame Relay Data
Link Connection Identifier (DLCI), SONET/SDH,
PPP.";
}
leaf strict {
type boolean;
default "false";
description
"Defines whether the requested type is a preference
or a strict requirement.";
}
description
"Container for requested types.";
}
leaf always-on {
if-feature "always-on";
type boolean;
default "true";
description
"Request for an 'always-on' access type.
For example, this could mean no dial-in access
type.";
}
leaf bearer-reference {
if-feature "bearer-reference";
type string;
description
"An internal reference for the SP.";
}
description
"Bearer-specific parameters. To be augmented.";
}
container connection {
leaf encapsulation-type {
type identityref ({
base encapsulation-type;
}
default "ethernet";
description
"Encapsulation type. By default, the
encapsulation type is set to 'ethernet'.";
}
leaf eth-inf-type {
type identityref {
base eth-inf-type;
}

65 www.protokols.ru


https://www.protokols.ru/

dHUuMKnonegusa ceTeBbiX NPOTOKONOB MepeBon RFC 8466
default "untagged";
description
"Ethernet interface type. By default, the
Ethernet interface type is set to 'untagged'.";

}
container tagged-interface {
leaf type {
type identityref {
base tagged-inf-type;
}
default "priority-tagged";
description
"Tagged interface type. By default,
the type of the tagged interface is
'priority-tagged'.";
}
container dotlg-vlan-tagged {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:dotlqg')" {
description
"Only applies when the type of the tagged
interface is 'dotlq'.";
}
if-feature "dotlq";
leaf tg-type {
type identityref {
base tag-type;
}
default "c-vlan";
description
"Tag type. By default, the tag type is
'e-vlan'.";
}
leaf cvlan-id {
type uintlé6;
mandatory true;
description
"VLAN identifier.";
}
description
"Tagged interface.";
}
container priority-tagged {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:priority-tagged')" {
description
"Only applies when the type of the tagged
interface is 'priority-tagged'.";
}
leaf tag-type {
type identityref ({
base tag-type;
}
default "c-vlan";
description
"Tag type. By default, the tag type is
'e-vlan'.";
}
description
"Priority tagged.";
}
container ging {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:qging')" {
description
"Only applies when the type of the tagged
interface is 'ging'.";
}
if-feature "ging";
leaf tag-type {
type identityref {
base tag-type;
}
default "c-s-vlan";
description
"Tag type. By default, the tag type is
'c-s-vlan'.";
}
leaf svlan-id {
type uintlé;
mandatory true;
description
"SVLAN identifier.";
}
leaf cvlan-id {
type uintlé;
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mandatory true;
description
"CVLAN identifier.";
}
description
"QinQ.";
}
container ginany {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:ginany')" {
description

"Only applies when the type of the tagged

interface is 'ginany'.";

}
if-feature "ginany";
leaf tag-type {

type identityref {

base tag-type;

}

default "s-vlan";

description

"Tag type. By default, the tag type is

's-vlan'.";
}
leaf svlan-id {
type uintlé;
mandatory true;
description
"SVLAN ID.";
}
description
"Container for QinAny.";
}
container vxlan {
when "derived-from-or-self(../type,
+ "'l2vpn-svc:vxlan')" {
description

"Only applies when the type of the tagged

interface is 'wvxlan'.";
}
if-feature "vxlan";
leaf wvni-id {
type uint32;
mandatory true;
description

"VXLAN Network Identifier (VNI).";

}
leaf peer-mode {
type identityref ({
base vxlan-peer-mode;
}
default "static-mode";
description
"Specifies the VXLAN access mode.

}
list peer-list {
key "peer-ip";
leaf peer-ip {
type inet:ip-address;
description
"Peer IP.";
}
description
"List of peer IP addresses.";
}
description
"QinQ.";
}
description
"Container for tagged interfaces.";
}
container untagged-interface {
leaf speed {
type uint32;
units "mbps";
default "10";
description
"Port speed.";
}
leaf mode {
type neg-mode;
default "auto-neg";
description
"Negotiation mode.";

By default,
the peer mode is set to 'static-mode'.";
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leaf phy-mtu {
type uint32;
units "bytes";
description
"PHY MTU.";
}
leaf 11dp {
type boolean;
default "false";
description
"LLDP. Indicates that LLDP is supported.";
}
container oam-802.3ah-link {
if-feature "oam-3ah";
leaf enabled {
type boolean;
default "false";
description
"Indicates whether or not to support
OAM 802.3ah links.";
}
description
"Container for OAM 802.3ah links.";
}
leaf uni-loop-prevention {
type boolean;
default "false";
description
"If this leaf is set to 'true', then the port
automatically goes down when a physical
loopback is detected.";
}
description
"Container of untagged interface attribute
configurations.";
}
container lag-interfaces {
if-feature "lag-interface";
list lag-interface ({
key "index";
leaf index {
type string;
description
"LAG interface index.";
}
container lacp {
if-feature "lacp";
leaf enabled {
type boolean;
default "false";
description
"LACP on/off. By default, LACP is disabled.";
}
leaf mode {
type neg-mode;

description
"LACP mode. LACP modes have active mode and
passive mode ('false'). 'Active mode' means

initiating the auto-speed negotiation and
trying to form an Ethernet channel with the
other end. 'Passive mode' means not initiating
the negotiation but responding to LACP packets
initiated by the other end (e.g., full duplex
or half duplex) .";
}
leaf speed {
type uint32;
units "mbps";
default "10";
description
"LACP speed. By default, the LACP speed is 10
Mbps.";
}
leaf mini-link-num {
type uint32;
description
"Defines the minimum number of links that must
be active before the aggregating link is put
into service.";
}
leaf system-priority ({
type uintlé6;
default "32768";
description
"Indicates the LACP priority for the system.
The range is from 0 to 65535.
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The default is 32768.";

}
container micro-bfd {
if-feature "micro-bfd";
leaf enabled {
type enumeration {
enum on {
description
"Micro-bfd on.";
}
enum off {
description

"Micro-bfd off.";

}
}
default "off";
description
"Micro-BFD on/off.
is set to 'off'.";
}
leaf interval ({
type uint32;
units "milliseconds";
description
"BFD interval.";
}
leaf hold-timer {
type uint32;
units "milliseconds";
description
"BFD hold timer.";
}

description

’

By default, micro-BFD

"Container of micro-BFD configurations.";

}
container bfd {
if-feature "bfd";
leaf enabled {
type boolean;
default "false";
description
"BFD activation. B
activated.";

choice holdtime ({
default "fixed";
case profile {
leaf profile-name {
type leafref {

y default, BFD is not

path "/l2vpn-svc/vpn-profiles/"
+ "valid-provider-identifiers"
+ "/bfd-profile-identifier";

}
description
"SP well-known
}

description

profile.";

"SP well-known profile.";

}
case fixed {
leaf fixed-value {
type uint32;
units
description
"Expected hold
milliseconds.

}
}
description
"Choice for the ho
}

description

"milliseconds";

time expressed in

".
’

1ld-time flavor.";

"Container for BFD.";

}

container member-links {
list member-link {
key '"name"
leaf name {
type string;
description

"Member link name.";

}
leaf speed {

type uint32;
units "mbps";
default "10";
www.protokols.ru
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description
"Port speed.";

}
leaf mode {
type neg-mode;
default "auto-neg";
description
"Negotiation mode.";
}
leaf link-mtu {
type uint32;
units "bytes";
description
"Link MTU size.";
}
container oam-802.3ah-1link {
if-feature "oam-3ah";
leaf enabled {
type boolean;
default "false";
description
"Indicates whether OAM 802.3ah links are
supported.";
}
description
"Container for OAM 802.3ah links.";
}
description
"Member link.";
}
description
"Container of the member link list.";
}
leaf flow-control {
type boolean;
default "false";
description
"Flow control. Indicates whether flow control
is supported.";
}
leaf 11dp {
type boolean;
default "false";
description
"LLDP. Indicates whether LLDP is supported.";
}
description
"LACP.";
}
description
"List of LAG interfaces.";
}
description
"Container of LAG interface attribute
configurations.";
}
list cvlan-id-to-svc-map {
key "svec-id";
leaf svc-id {
type leafref {
path "/l2vpn-svc/vpn-services/vpn-service/vpn-id";
}
description
"VPN service identifier.";
}
list cvlan-id {
key "vid";
leaf vid {
type uintlé;
description
"CVLAN ID.";
}
description
"List of CVLAN-ID-to-SVC-map configurations.";
}
description
"List of CVLAN-ID-to-L2VPN-service-map
configurations.";
}
container l2cp-control {
if-feature "l2cp-control";
leaf stp-rstp-mstp {
type control-mode;
description
"STP / Rapid STP (RSTP) / Multiple STP (MSTP)
protocol type applicable to all sites.";
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}
leaf pause {
type control-mode;
description
"Pause protocol type applicable to all sites.";

}
leaf lacp-lamp {
type control-mode;
description
"LACP / Link Aggregation Marker Protocol (LAMP).";
}
leaf link-oam {
type control-mode;
description
"Link OAM.";
}
leaf esmc {
type control-mode;
description
"Ethernet Synchronization Messaging Channel
(ESMC) .";
}
leaf 12cp-802.1x {
type control-mode;
description
"IEEE 802.1x.";
}
leaf e-1lmi {
type control-mode;
description
"E-LMI.";
}
leaf 1l1ldp {
type boolean;
description
"LLDP protocol type applicable to all sites.";
}
leaf ptp-peer-delay {
type control-mode;
description
"Precision Time Protocol (PTP) peer delay.";
}
leaf garp-mrp {
type control-mode;
description
"GARP/MRP.";
}
description
"Container of L2CP control configurations.";
}
container oam {
if-feature "ethernet-oam";
leaf md-name {
type string;
mandatory true;
description
"Maintenance domain name.";
}
leaf md-level {
type uintlé {
range "0..255";
}
mandatory true;
description
"Maintenance domain level. The level may be
restricted in certain protocols (e.g.,
protocols in Layer 0 to Layer 7).";
}
list cfm-8021-ag {
if-feature "cfm";
key "maid";
leaf maid {
type string;
mandatory true;
description
"Identifies a Maintenance Association (MA).";
}
leaf mep-id {
type uint32;
description
"Local Maintenance Entity Group End Point (MEP)
ID. The non-existence of this leaf means
that no defects are to be reported.";
}
leaf mep-level {
type uint32;
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description
"Defines the MEP level. The non-existence of this
leaf means that no defects are to be reported.";

}
leaf mep-up-down {
type enumeration {
enum up {
description
"MEP up.";
}
enum down {
description
"MEP down.";
}
}
default "up";
description
"MEP up/down. By default, MEP up is used.
The non-existence of this leaf means that
no defects are to be reported.";
}
leaf remote-mep-id {
type uint32;
description
"Remote MEP ID. The non-existence of this leaf
means that no defects are to be reported.";
}
leaf cos-for-cfm-pdus {
type uint32;
description
"CoS for CFM PDUs. The non-existence of this leaf
means that no defects are to be reported.";
}
leaf ccm-interval {
type uint32;
units "milliseconds";
default "10000";
description
"CCM interval. By default, the CCM interval is
10,000 milliseconds (10 seconds) .";
}
leaf ccm-holdtime {
type uint32;
units "milliseconds";
default "35000";
description
"CCM hold time. By default, the CCM hold time
is 3.5 times the CCM interval.";
}
leaf alarm-priority-defect ({
type identityref ({
base fault-alarm-defect-type;
}
default "remote-invalid-ccm";
description
"The lowest-priority defect that is
allowed to generate a fault alarm. By default,
'fault-alarm-defect-type' is set to
'remote-invalid-ccm'. The non-existence of
this leaf means that no defects are
to be reported.";
}
leaf ccm-p-bits-pri {
type ccm-priority-type;
description
"The priority parameter for CCMs transmitted by
the MEP. The non-existence of this leaf means
that no defects are to be reported.";
}
description
"List of 802.lag CFM attributes.";
}
list y-1731 {
if-feature "y-1731";
key "maid";
leaf maid {
type string;
mandatory true;
description
"Identifies an MA.";
}
leaf mep-id {
type uint32;
description
"Local MEP ID. The non-existence of this leaf
means that no measurements are to be reported.";
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}
leaf type {
type identityref ({
base pm-type;
}
default "delay";
description
"Performance-monitoring types. By default, the
performance-monitoring type is set to 'delay'.
The non-existence of this leaf means that no
measurements are to be reported.";
}
leaf remote-mep-id {
type uint32;
description
"Remote MEP ID. The non-existence of this
leaf means that no measurements are to be
reported.";
}
leaf message-period {
type uint32;
units "milliseconds";
default "10000";
description
"Defines the interval between Y.1731
performance-monitoring messages. The message
period is expressed in milliseconds.";
}
leaf measurement-interval {
type uint32;
units "seconds";
description
"Specifies the measurement interval for
statistics. The measurement interval is
expressed in seconds.";
}
leaf cos {
type uint32;
description
"CoS. The non-existence of this leaf means that
no measurements are to be reported.";
}
leaf loss-measurement {
type boolean;
default "false";
description
"Indicates whether or not to enable loss
measurement. By default, loss
measurement is not enabled.";
}
leaf synthetic-loss-measurement {
type boolean;
default "false";
description
"Indicates whether or not to enable synthetic loss
measurement. By default, synthetic loss
measurement is not enabled.";
}
container delay-measurement {
leaf enable-dm {
type boolean;
default "false";
description
"Indicates whether or not to enable delay
measurement. By default, delay measurement
is not enabled.";
}
leaf two-way {
type boolean;
default "false";

description
"Indicates whether delay measurement is two-way
('true') or one-way ('false'). By default,

one-way measurement is enabled.";
}
description
"Container for delay measurement.";
}
leaf frame-size {
type uint32;
units "bytes";
description
"Frame size. The non-existence of this leaf
means that no measurements are to be reported.";
}

leaf session-type ({
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type enumeration {
enum proactive {
description
"Proactive mode.";

}
enum on-demand {
description
"On-demand mode.";
}
}

default "on-demand";

description
"Session type. By default, the session type
is 'on-demand'. The non-existence of this
leaf means that no measurements are to be
reported.";
}
description

"List of configured Y-1731 instances.";
}
description
"Container for Ethernet Service OAM.";
}
description
"Container for connection requirements.";
}
container availability {
leaf access-priority {
type uint32;
default "100";
description
"Access priority. The higher the access-priority
value, the higher the preference will be for the
access in question.";
}
choice redundancy-mode {
case single-active {
leaf single-active {
type empty;
description
"Single-active mode.";
}
description
"In single-active mode, only one node forwards
traffic to and from the Ethernet segment.";
}
case all-active {
leaf all-active {
type empty;
description
"All-active mode.";
}
description
"In all-active mode, all nodes can forward
traffic.";
}
description
"Redundancy mode choice.";
}
description
"Container of available optional configurations.";
}
container vpn-attachment ({
choice attachment-flavor ({
case vpn-id {
leaf vpn-id {
type leafref {
path "/l2vpn-svc/vpn-services/vpn-service/vpn-id";
}
description
"Reference to an L2VPN. Referencing a vpn-id
provides an easy way to attach a particular
logical access to a VPN. In this case,
the vpn-id must be configured.";
}
leaf site-role {
type identityref {
base site-role;
}
default "any-to-any-role";
description
"Role of the site in the L2VPN. When referencing
a vpn-id, the site-role setting must be added to
express the role of the site in the target VPN
service topology.";
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}

case vpn-policy-id {
leaf vpn-policy-id {

type leafref {

path "../../../../vpn-policies/vpn-policy/"
+ "vpn-policy-id";

}

description
"Reference to a VPN policy.";

}
}
mandatory true;
description
"Choice for the VPN attachment flavor.";
}
description
"Defines the VPN attachment of a site.";
}
container service {
container svc-bandwidth {
if-feature "input-bw";
list bandwidth ({
key "direction type";
leaf direction {
type identityref ({
base bw-direction;
}
description
"Indicates the bandwidth direction. It can be
the bandwidth download direction from the SP to
the site or the bandwidth upload direction from
the site to the SP.";
}
leaf type {
type identityref {
base bw-type;
}

description
"Bandwidth type. By default, the bandwidth type
is set to 'bw-per-cos'.";

}
leaf cos-id {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:bw-per-cos')" {
description
"Relevant when the bandwidth type is set to
'bw-per-cos'.";
}
type uint8;
description
"Identifier of the CoS, indicated by DSCP or a
CE-VLAN CoS (802.1p) value in the service frame.
If the bandwidth type is set to 'bw-per-cos',
the CoS ID MUST also be specified.";
}
leaf vpn-id {
when "derived-from-or-self(../type, "
+ "'l2vpn-svc:bw-per-svec')" {
description
"Relevant when the bandwidth type is
set as bandwidth per VPN service.";
}
type svc-id;
description
"Identifies the target VPN. If the bandwidth
type is set as bandwidth per VPN service, the
vpn-id MUST be specified.";
}
leaf cir {
type uinté4;
units "bps";
mandatory true;
description
"Committed Information Rate. The maximum number
of bits that a port can receive or send over
an interface in one second.";
}
leaf cbs {
type uinté64;
units "bps";
mandatory true;
description
"Committed Burst Size (CBS). Controls the bursty
nature of the traffic. Traffic that does not
use the configured Committed Information Rate
(CIR) accumulates credits until the credits
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reach the configured CBS.";

}
leaf eir {
type uinté64;
units "bps";
description
"Excess Information Rate (EIR), i.e., excess frame
delivery allowed that is not subject to an SLA.
The traffic rate can be limited by the EIR.";
}
leaf ebs {
type uinté64;
units "bps";
description
"Excess Burst Size (EBS). The bandwidth available
for burst traffic from the EBS is subject to the
amount of bandwidth that is accumulated during
periods when traffic allocated by the EIR
policy is not used.";
}
leaf pir {
type uinté64;
units "bps";
description
"Peak Information Rate, i.e., maximum frame
delivery allowed. It is equal to or less
than the sum of the CIR and the EIR.";
}
leaf pbs {
type uinté64;
units "bps";
description
"Peak Burst Size. It is measured in bytes per
second.";
}
description
"List of bandwidth values (e.g., per CoS,
per vpn-id) .";
}
description
"From the customer site's perspective, the service
input/output bandwidth of the connection or
download/upload bandwidth from the SP/site
to the site/SP.";
}
leaf svc-mtu {
type uintlé6;
units "bytes";
mandatory true;
description
"SVC MTU. It is also known as the maximum
transmission unit or maximum frame size. When
a frame is larger than the MTU, it is broken
down, or fragmented, into smaller pieces by
the network protocol to accommodate the MTU
of the network. If CsC is enabled,
the requested svc-mtu leaf will refer to the
MPLS MTU and not to the link MTU.";
}
uses site-service-qgos-profile;
uses site-service-mpls;
description
"Container for services.";
}
uses site-bum;
uses site-mac-loop-prevention;
uses site-acl;
container mac-addr-limit {
if-feature "mac-addr-limit";
leaf limit-number {
type uintlé6;
default "2";
description
"Maximum number of MAC addresses learned from
the subscriber for a single service instance.
The default allowed maximum number of MAC
addresses is 2.";
}
leaf time-interval {
type uint32;
units "seconds";
default "300";
description
"The aging time of the MAC address. By default,
the aging time is set to 300 seconds.";
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leaf action {
type identityref {
base mac-action;

}

default "warning";

description
"Specifies the action taken when the upper limit is
exceeded: drop the packet, flood the packet, or
simply send a warning log message. By default,
the action is set to 'warning'.";

}
description
"Container of MAC address limit configurations.";

}
description
"List of site network accesses.";

}
description
"Container of port configurations.";

}
description
"List of sites.";

}
description
"Container of site configurations.";

}
description
"Container for L2VPN services.";

}

<CODE ENDS>

9. Bonpocbil 6e3onacHocmu

Mogyne YANG, 3agaHHbIi B 3TOM [OOKYMeHTe, onpefensieT CXemy AaHHblX, KOTopble npegHasHayeHbl Ansi goctyna no
npoTtokonam cetesoro ynpaenexus, Takmm kak NETCONF [RFC6241] nnu RESTCONF [RFC8040]. HwxHuMm ypoBHeM
NETCONF sBnsieTcs 3alwuILéHHbIN TpaHCnopT, a o6s3aTensbHbIM AN peanusaummu Tpadcnoptom - SSH' [RFC6242]. HukHum
ypoBHemM npoTtokona RESTCONF aensetca HTTPS n o6a3atenbHa peanusaums 3awuwéHHoro TpaHcnopta TLS [RFC8446].

Mogenb ynpaenenus pgoctynom NETCONF [RFC8341] obecneunBaeT cnocobbl OrpaHuYeHuWs O0CTyna, paspelsasi ero
KoHkpeTHbIM nonb3oBaTenam NETCONF wunn RESTCONF k 3apaHee 3agaHHOMy Habopy BcCex AOCTYMHbIX onepauui
npotokona NETCONF unun RESTCONF, a Takke KOMNOHEHTAM COAEPXKUMOTO.

B atom mogyne YANG onpefeneHo MHOXECTBO Y3IOB [aHHbIX, KOTOpble paspeluaroT 3anucb/M3MeHeHve/yaaneHue (T. e.
MCMOMb3YyT TMPUHSATOE NO  yMOMYaHUo 3HadveHune config true). OTM yanbl daHHbIX MOryT GbiTb YA3BUMBIMK UMK
KOH(puaeHUManbHbIM B HeKoTopbIX cpedax. Onepauumn 3anucu (Hanpumep, edit-config) B Takue yanbl 6e3 nopoGatoLlei
3aLLMTbI MOTYT OKasblBaTb HEraTBHOE BIUsIHWE Ha paboTy ceTu. Hibke nepeuncreHbl Takue cyGaepeBbs 1 yanbl AaHHbIX.

- ll2vpn-svc/vpn-services/vpn-service

3anucu B 3TOM Cnncke BKNOYalOT Bce koHdurypaumm cepsuca VPN, Ha koTopble aboHeHT nognucaH u 6yget
NPUMEHATL ANA HENPAMOro CO34aHUs NN n3MeHeHns KoHdurypauumn yctponcts PE n CE. HeoxungaHHble nsmeHeHuns
3TUX 3anuncein MOryT BECTU K HApYLUEHWIO cepBuca U/unm HegonycTMMoMy NOBEAEHMIO CeTU.

- /12vpn-svclsites/site

3anucm 3Toro cnvcka BKYaT KOHGUrypaumm aboHeHTCKOro canTa. HeoxugaHHble U3BMEHEHUSA 3TUX 3anncen MoryT
BECTU K HApPYLUEHWIO cepBuca U/Mnvm HegonyCcTUMOMY NMOBEAEHNIO CETU.

HekoTopble M3 [OOCTYMHbIX AN YTeHWA Y3NOB [JdaHHbiX B 3ToM Moayne YANG wMoryT 6biTb  YS3BUMbIMKU - UMK
KOH(buaeHLUManbHbIMI B OTAENbHBIX CETEBbIX cpeaax. BaxHo KoHTponvpoBaTh gocTyn (Hanpumep, get, get-config, notification)
K TakuM y3nam. Huxe nepeuyncneHbl Takue cybaepeBbs U yanbl AaHHbIX.

- ll2vpn-svclvpn-services/vpn-service
- ll2vpn-svcisites/site

3anncu B YKa3aHHbIX Bbllle CMUCKax codepXaT NpuBaTHYKO UK KOHd)M,D,eHLI,MaJ'IbHy}O WHOpMaLMIO, Hanpumep, Has3BaHue
aboHeHTa, MecTomnosoXeHne canTa, ycnyru, Ha KoTopble nognncaH abOoHEeHT.

Mpun B3anmopenictBun SP ¢ MHOXeCTBOM abOHEHTOB BaXXHO obecneyunTb, YTobbl kaxabii aBOHEHT MOT BUAETb U MEHATb NULLb
MHOpPMAaLMIO O CBOUX yCnyrax.

Mogenb AaHHbIX onpefenseT HeKoTopble napameTpbl 3alMTbl, KOTOPble MOTYT ObiTb pacLUMPEHbl C NMOMOLLLIO AOMONHEHNNA.
3Tn napameTpbl onucaHbl B naparpadax 5.12 n 5.13.

10. Bzaumodelicmeue c IANA
ArentcTtBo |IANA Bblgenuno HoBoe 3HadyeHue URI B peectpe «IETF XML Registry» [RFC3688].

URI: urn:ietf:params:xml:ns:yang:ietf-12vpn-svc
Registrant Contact: The IESG
XML: N/A; the requested URI is an XML namespace
ArentcTtBo IANA Bbigenuno Hooe nmsa moaynst YANG B peectpe «YANG Module Names» [RFC6020].

'Secure Shell.
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name: ietf-12vpn-svc
namespace: urn:ietf:params:xml:ns:yang:ietf-12vpn-svc
prefix: 1l2vpn-svc
reference: RFC 8466
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