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BBE/IEHUE

AHHOTAaIUA

Hacrosiliee pyKOBOZCTBO COZIEP>KUT OIIMCAaHWe MEeTOL0B HaCTPOMKU QYHKIIUHA MapIIpPyTH3aTOPOB
ELTEX cepuu ME. B paszesax pyKoBOJACTBa IIpUBe/eHbI IIPUMePbl HACTPOHUKU QYHKITMOHAIBbHBIX
6JIOKOB, IIOJIHO€ OITMCaHHe BCeX UMEIOIIUXCs KOMaH/ C II0ICHeHHeM UX IIapaMeTpOB COLeP KUTCSI
B "CripaBOYHMKe KOMaHJ".

HuTepderic komaHgHOM cTpoKUu (Command Line Interface, CLI) — uHTepdeltic, mpefHa3HaYeHHbIN
OIS yIIpaBJIeHUs, IIPOCMOTPA COCTOSIHHUS U MOHUTOPUHTA YCTPOMCcTBa. [Ijig1 paboThl moTpebyeTcs
Jrobas ycraHoBsieHHas Ha IIK mporpamMa, mopiep KuBarolast pabory 1o mpotokosy Telnet, SSH
WJIM TIPSIMO€ TIOAKJII0UEeHHe Yyepe3 KOHCOJIbHBIN opT (Hanpumep, Putty/SecureCRT).

IlesteBass ayauTOpHs

PyKoBOJCTBO II0 HACTPOMKe IIpeJHasHAUeHO i1 TeXHWYEeCKOro IIepCOHAaJa, BBIIIOJJIHSIOIIEIrO
HaCTPOUKY U MOHUTOPUHI MapLIpyTU3aTOpPoB cepuu ME 1ocpencTBOM MHTepderica KOMaHIHOMU
ctpoku (CLI). KBasmdukaiysg TeXHUUYECKOro IlepcoHasa IIpeAliojiaraeT 3HaHUE OCHOB PaboThl
cTeka npoTokoJioB TCP/IP 1 mpuHIUIIOB IocTpoeHus IP/MPLS-ceTe.

Vci10BHBIE 0003HaAYEeHUS

Tabauya 1. O603HAUEHUS 8 NPUMEPAX U ONUCAHUSX KOMAHO
O6o3HauYeHus OnucaHue

command example MOHOIIMPUHHBIM MIPUPTOM IIPUBEIEeHB] IIPUMeEPEI BBO/ia KOMaH 1
pesyJIbTaTOB UX BBIIIOJIHEHUS.

[1 B KBaZjpaTHBIX CKOOKaX /11 KOMaH/, YKa3bIBalOTC HeoOsg3aTe IbHbIe
rapaMeTpsbl.

{} B ¢urypHsbIX CKOO6KaX JJI1 KOMaH]| YKa3bIBalOTCS BOSMOJKHbBIE 00513aTeIbHbIe
IlapaMeTpsl, IIpUBeleHHbIe CIIMCKOM. Heo6X01uMO0 BBIOpaTh OZUH U3
IlapaMeTpoB.

JlaHHBIN 3HAK B OIIMCAaHUU KOMaH/Ibl 0003HavaeT "Uin'".

<> B YIJIOBBIX CKOOKax IJId KOMaH/[T YKa3bIBaeTCsA UM IIapaMeTpa, THII K
3Ha4YeHHeE KOTOpOoro 00'BSICHSIIOTCSI B OIIICAaHUH.

[IpuMeuaHUsi cofiep>kaT TII0JIe3HYI0 HHGOpMaIyi, KOTOpyl Heo6X0JHUMO

NOTE . o
YUYUTHIBATh IIPH HACTPOMKeE YCTPOMCTBA.

[IlppMeuaHusi  cofepKaT  Ba)KHYH  HHGOpPMAII0, COBETHl  HJIU

IMPORTANT . .
PEeKOMEeHAITHIH 110 MCII0JIb30BAHUIO M HACTPOHKE YCTPOHCTBA.

CAUTION [IpenyripesxneHuss HHGOPMUPYIOT I10JIb30BAaTEJI O CUTYallusIX, KOTOPble MOTYT



HaHeCTH BpeJl YCTPOHCTBY, IIPUBECTU K HEKOPPEKTHOH paboTe CHUCTEMBI,
I0Tepe TaHHBIX WU HapyIIeHUI0 IIPOX0KAeHUs U 06paboTKU TpadHKa.



OCHOBBI PAFOTHI C KOMAHJIHOHN
CTPOKOH

KoMaHaHBIN HHTEepPerC U JOCTYII K YCTPOHCTBY

OCHOBHBIM HHCTPYMEHTOM HAaCTPOMKHM MU YIIpaBJIe€HUSA YCTPONCTBOM sBJAETCA HHTepderc
KOMaHHOU cTpokH (CLI).

VUé€THOM 3alMChl0 II0 YMOJYAaHUK gBigeTcsd admin c raposieM password. /laHHOM y4E€THOU
3allMChbI0 MOYKHO BOCIIOJIb30BaThC [JI1 aBTOPHU3allMX Ha YCTPOMCTBe M IIOJYyYeHHUs [OCTyla K
KOMaHHOMY UHTepQelCy B IIpoliecce IIepBOHAYaJIbHOM HACTPOUKHU.

OmepaljioHHas CHCTeMa YCTPONCTBAa HMeeT CHCTEMy pasjiesIeHHs
IMPORTANT IIPpUBUJIETUN II0JIb30BaTesied. Ilosb3oBaTesr0 admin II0 YMOJIYaHUIO
HasHauyeHbl MaKCUMaJIbHbIe IIPUBUJIETHUH - YPOBEHB p15.

KoMaHAHBIA HHTepQeNc YCTPOMCTBA IIOAJAep KUBaeT QYHKIIUI0O aBTOMAaTHYeCKOIO [JOIIOJIHEHHS
KOMaHZ. JTa OQYHKIMSA aKTUBUPYeTCd IIPU Ha)KaTUU KIaBUINM Tadbymanuu <TAB>. Taxoke
UHTepderic KOMaHIHON CTPOKHU HMMeeT QYHKIIMI0O KOHTEeKCTHOM ITO/cKasKU. Ha Jro6om 3Tarie
BBOZIJa KOMaH/Jbl MO’KHO ITIOJIyYHUTH IIOJICKA3Ky O CJIEeAYIOIIHX BO3MOJKHBIX 3JIeMeHTaX KOMaH[IbI
IIyTEM BBO/Ia BOIIPOCUTEJILHOIO 3HaKa <?7>.

Pe’XuMBbI KOMaHHOI'0 MHTep¢erica ¥ KOMaHAbI
HaBUTallUH

NHTepdeiic KOMaHIHOM CTPOKU MMeeT ABa OCHOBHBIX pPe)KUMa — IJI06aJIbHBIM PeXKUM U PEXXKUM
KoHQUTYpHUpoBaHUs. /I yZo6CTBA omepaTopa IIpU Ilepexofie MeXK[y pe>KMMaMM MeHseTcs
IIpUIJIallleHe KOMaH/HOY CTPOKH.

Buod npueaaweHust KOMaHOHOU CMPOKU 8 2/100A/TbHOM pexcume

0/ME5100: EOS#

Bud npuzaaweHus KOMAHOHOU CMpOKU 8 pexcume KOHPUYpUpo8aHus

0/ME5100:E0S(config)#

Tabauua 2. OCHOBHblEe KOMAHObL HagU2ayuu U nepexo0os 8 uHmepg@etice KOMaHOHOL cmpoKU

Komanpga Pexxum JleficTBHEe KOMaH/bI

configure global-view ITepexop u3 m1o6aabHOro pexxuMa CLI B pesxum
KOHQUIYPUPOBaHUSI

exit config [Tepexoj; Ha BBIIIECTOSIIUA YPOBEHD

KOHOQUTYPHUPOBAHUS



Komanpga Pesxum JelicTBUe KOMaH/bI

logout config, global-view BBICTPBII BBIXO]] U3 CECCUU UHTepderica
KOMAaH/THOM CTPOKH

do <command_sequence> config BrinostHeHHEe KOMaH/Ibl II06aJILHOTO pesKuMa
CLI (command_sequence) 6e3 BbIX0O/ja U3
pe’XuMa KOHQUTYPUPOBaHUSI

root config BBIX0/] Ha BepXHUU YPOBEHD pekKrMa
KOHQUTYPHUPOBaHUSI
end config BrIxon 13 JI060T0 YPOBHS pesKuMa

KOHQUTYPUPOBaHUA B IJIO0AIBEHBIN PeKUM

quit global-view BrIxof 13 ceccuu UHTepderica KOMaHIHOU
CTPOKH

PaboTa c r;106a71bHBIM PE>XHMOM

B miob6asbHOM pexuMe HHTepderica KOMaHZHOM CTPOKH [OCTYIIHBI KOMAaH/bl IIPOCMOTpa
OIIePaTHUBHOIO COCTOSHUSA CHUCTeMBI (show-KOMaHZbI), KOMaH[bl YIIpaBJIeHUs KOMIIOHEHTaMU
cucTeMbl (Hampumep, reload, hw-module), 3arrycka pasjIMYHBIX JUAaTHOCTUYECKUX TECTOB U pabOThI
¢ o6pasaMu OIlepalfiOHHOMN CUCTEMBI.

JUIss yMeHBIIleHUs o0beMa OToGpa’kaeMbIX [JAaHHBIX B OTBeT Ha 3amlpoChl II0JIH30BaTessl U
o6JieryeHUs: IIOMCKa HeOOXOAMMON MHPOpPMAaIMM MOYKHO BOCIIOIB30BaThbCad QUUIbTpariuei. /s
OMILTpPAlIUM BBIBOJIJa KOMAaH][ HY)KHO M00aBUTb B KOHeEI] KOMaHHOM CTPOKM CHUMBOJ "|"
HUCII0JIb30BaTh OJJHY U3 ONINU QUIbTPAITUHU:

u

* begin— BBIBOJUTH BCE IIOCJIE CTPOKH, COZieprKallled 3alaHHbIN 111a06JI0H;
* include — BBIBOJIUTH BCE CTPOKH, COZleprKalllye 3aJaHHbIN 111abJI0H;

* exclude — BBIBOJIUTH BCE CTPOKH, He CcOoZieprKalliyie 3aJaHHbIN 111a6JI0H;
* count —IIpoM3BeCcTU MOJCUYET KOJIMYeCTBA CTPOK B BBIBOJIe KOMaH/IbI.

HpI/I H806X0,ILI/IMOCTI/I BKJIIOUHUTH B I1a6JIOH IIOKMCKa CHMBOJI HpOﬁEJIa H906X0,I[I/IMO 3aK/IIOUYHUTH
BecCh I1a0JIOH B /:[BOfIHI:IG KaBBIYKH.

PUIBLTPHI MOYKHO CTEKHPOBATh, YKa3blBasl HECKOJIBbKO GUIBTPOB Yepes CUMBOJIBL " | ".

IIpumep: ucnoav3osaHue Gu1bmpos

0/ME5100:E0S# show running-config | begin "telnet server"
Thu Mar 23 12:03:57 2017

telnet server vrf mgmt-intf
exit

user admin
password encrypted
$6$zMGqwSsQnYcfDrxH$6TGyBVbqUB8s2InhRT4QA5VADoCc4zGhILDK]jTxgVt7HATBZzxmbwNkpkHSKHNAU9qC



zdQ/Zeonl1I8EOrkII620
privilege p15
exit

0/ME5100: EOS#

PaboTa c pe>xuMoM KOHQUTYPHUPOBaHUA

B pexxuMme KOHOUIYPHUPOBAHHSI KOMAaHIHBIM HHTepdeMc CcHCTeMbl IT03BOJISET IIPOU3BOJUTH
HAaCTPOUKy ycTpoicTBa. Ilepexosi B peXXUM KOHOUTYPUPOBAHUS IIPOU3BOAUTCSI KOMaHOU
configure. B pesxuMe KOHQUTYPHUPOBAHUS HHTepdeHc IPUHUMAEeT U PacIo3HAeT KOMaH/IbI
HACTPOMKHU COOTBETCTBYIOIIUX Pa3/iesoB. Bce BBeleHHbIe KOMAaH/IbI, B CBOIO OUepe/lb, GOPMUPYIOT

0611y 0 KOHQUTYPAITUIO YCTPOMCTBA.

KoMaHHBIN UHTepdetic crucTeMbl paboTaeT ¢ ABYMSI 9K3eMILIIpaMU KOHQUTYpaIliu yCTPOHCTBa:

» Texymags xoHurypanus (running-config). Tekyiagd KOHQUIryparusa—3TO KOHQUIypaIusd,
KOTOpas B JaHHBIM MOMEHT IIpUMeHeHa U UCII0JIb3yeTCs Ha MaplLIpyTU3aTope.

» Kanpumat-koHdurypanusa (candidate-config). KanaumaT-KoHQUTYpaIds — 3TO KOHQUTYpaITUS,
KOTOpasi BKJIIOYaeT B cebGs1 HM3MeHEHUs, BHeCeHHbIE OIIEpaTOpOM B IIpoIlecce ceaHca
KOHQUTrypupoBaHud. KaHAumaT-KOHQUTypaluss MO)KeT OBITh IIpUMeHeHa B KadecTBe

TeKyIIeH.

Bce BBeqeHHEBIE

pekrMe KOHQUIYPHUPOBaHWS KOMaHABI He

IMPORTANT IPUMEHSIOTCS 110 Mepe BBOJA, a 3aHOCATCI B KaHAUAAT-KOHQUIYPAITUIO

(candidate-config).

B O00BIYHOM COCTOSHUM CHCTEMBl KaHAWUJAT-KOHQUTypanus HAeHTHYHa TeKylled. Ilocie
BHeCeHUs] H3MeHeHUN B KaHUIaT-KOHQUTYpaIliio eé MOXKHO JIM00 IIPUMEeHUTH (CKOIIMPOBaTh B

TEKYIIYI), IU60 OTMEHUTb.

Tabauua 3. OCHO8HblE KOMAHObL paboMmbl € IKIEMNAAPAMU KOHPULYpauUuu

KomaHma Pexxum

configure global-view
show running-config global-view
show candidate-config global-view

show configuration changes  global-view

commit config

JlelicTBHe KOMaH/bI

[TeperiTu 13 1o6asbHOroO pexxruMa CLI B pesxuM
KOHQUIYPHUPOBaHUS.

BrIBECTH TeKYIIYI0 KOHQUTYpPAITHUI0
YCTPOMCTBA.

BrIBecTH KaHAUIaT-KOHQUTYPAITUI0
YCTPOMCTBA.

BeIBeCTH CIIMCOK M3MEeHEeHUU B KaHAUZAT-
KOHQUTYpaluyi OTHOCUTEJIBLHO TeKYIIei
KOHOQUTypaIuu yCTPOUCTBA.

[IpuMeHUTHh KaHAUAAT-KOHQUTYPALIHIO
(IpUMeHUTH U3MeHEeHUs], BHECEHHbIE BO BpeMsl
ceaHcCa pelaKTUPOBaHUs).



Komanpga Pesxum JelicTBUe KOMaH/bI

abort config OTMeHUTH U3MEeHeHHUs B KaHUuIaT-
KOHOQUTYpaIUU U BBIUTH U3 PeKUMa
KOHQUTYypUpOoBaHUs. [Ipy BBIIIOJIHEHUH 3TOHN
KOMaH/Ibl KaHIUJaT-KOHQUTyparus
CTaHOBUTCA UAEHTUYHOMN TeKyIlei (CTapTOBOM)
KOHQUTYpaIlUH.

[Ipy  BBIIIOJIHEHUWW  KOMaHABI  commit  TeKkyijags  KOHQUIryparys
IMPORTANT aBTOMAaTHUYECKU COXpaHdIeTCd Ha YCTPOMCTBE B KauyeCTBe 3arpy30uyHON.
OThesIbHOM KOMaH/bl COXpaHeHUd KOHQUTYpaIliiy Ha YCTPOHCTBE HeT.

Texy1asi Bepcusi KOMaHZHOTO HHTePIIpeTaTopa He IT0/Iep>KUBaeT HeCKOJIBKO
KaHUJaT-KOHQUTYparii U He3aBUCUMOe KOHQUTYPHUPOBaHUE YCTPOHCTBA U3
pasHBIX ceccud. KaHaupaT-KoHQUTyparus B JII060M MOMEHT BpeMeHU
SIBJIIETCS. €IMHOU 711 Bcero ycTpoMcTBa. TakuM 06pa3oM, KOMaHABI commit U
abort, BBeJleHHBIE OIIEPATOPOM, MOTYT IIOBJIMSATEH Ha U3MEHEHUs, BHECEHHEIE B
IPYTHUX CecCUSIX KOHQHUTYPUPOBAHUS.

CAUTION

ITpumep: Hacmpolika cucmemHozo umeHu (hostname)

EOS login: admin
Password:

hkkhrkhhrhhhhhhkhhrhhhhhhrhrhhrhhrhhhhrhhrrhrkhkx

= Welcome to ME5100 k3

KRR R R R R R R R Rk R R R R R R R R R R R R R R R R R R R R R R R R R R R R

0/ME5100:EO0S# config

0/ME5100:E0S(config)# hostname Router
0/ME5100:E0S(config)# do show configuration changes
Tue Jan 18 21:37:19 2000

hostname Router
0/ME5100:E0S(config)# commit
Tue Jan 18 21:37:23 2000

Commit successfully completed in 0.031951 sec
0/ME5100:Router(config)# end
0/ME5100:Router#

HMeHOBaHNe HHTepPercoB

[Ipr paboTe MapUIPyTH3aTOpa WUCIIOIL3YIOTCSI CeTeBble WHTepeichl pasIMYHOr0 THIIA U
HasHaveHMs. CHcTeMa HMMEHOBAHUS II03BOJISIET OJHO3HAYHO a/[pecoBaTh HMHTepQeHChHl I10 X
GYHKIIMOHAJILHOMY Ha3HaUeHUIO0 M MECTOIIOJIOKEHHIO B cHcTeMe. /lasiee B TabiuIle IIpUBeJeH
IlepeyeHb TUIIOB UHTePdeCcoB.



Tabauya 4. IToddepacusaemsvle munst uHmepgeticos

Tun uHTepdeiica

dursryecKre UHTePPEeUChl

HHuTepdericel Ethernet
10r'éut/c

HnTepdericel Ethernet
40Tr6uT/c

HnTepdericel Ethernet
100T6uT/C

['pymIIs! arperaryuu
KaHaJIoB

O60o3HaueHye U GyHKIMOHAJI

O603HaueHUe GQU3UUECKOTO UHTepderica BKIKUYAET B Ce6s ero TUIL
U UeHTUPUKATOP.
Hpentudukarop uMmeeT BU <UNIT>/<SLOT>/<PORT>, rze:

* <UNIT> - HOMep yCTPOMCTBA B KJIacTepe YCTPOUCTB;
* <SLOT> - HOMep MOJyJIg B COCTaBe YCTPOMCTBA;

* <PORT> - IIOpIAKOBBIM HOMep HHTepdeiica JAHHOIO TUIIA B
MOJyJIe.

dusuveckue uHmepdgelicvl cecoa npucymcmayrom g cucmeme.

tengigabitethernet <UNIT>/<SLOT>/<PORT>

[Ipumep o6o3HaueHusd: 'tengigabitethernet 0/0/10'. JoryckaeTcs
HUCII0JIb30BaTh COKpallleHHYI0 GopMy € 06s3aTeJTbHBIM IIPOGesioM,
HampuMmep, 'te 0/0/10".

fourtygigabitethernet <UNIT>/<SLOT>/<PORT>

[Ipumep o603HavyeHus: 'fourtygigabitethernet 0/0/2'. JommyckaeTrcs
UCII0JIb30BaTh COKpallleHHYI $opMy C 00g3aTeJIbHBIM IIPOOEesIoM,
Hanpumep, 'fo 0/0/2".

hundredgigabitethernet <UNIT>/<SLOT>/<PORT>

[Ipumep 0603HaYeHUS: "hundredgigabitethernet 0/0/3".
JlomyckaeTcst HCII0JIb30BAaTh COKpAaIleHHYIO0 dopmy C
o6s3aTesIbHBIM IIpo6esioM, Harpumep, 'hu 0/0/3".

bundle-ether <BUNDLE _ID>

O603HaveHMe TPYIIILl arperaljiy KaHajloB BKJIKOYAeT B ce6s TUIL
unrepderica ("bundle-ether") W IOPSIAKOBBIA HOMEpP TPYIIIHL.
[Ipumep 0603HaYeHUS: "bundle-ether 8'.  [Jlomyckaetcs
UCII0JIb30BaTh COKpallleHHYI $opMy C 00g3aTeJbHBIM IIPOOEeIoM,
Hampumep, 'bu 8'.

I'pynnel aepezauuu KaHa/108 8 CUCMeMe MOXCHO c030asamb U
yoansaime.



Tun uHTepdelica

CabuHTepdercel

HHTepdelicrl JIOKaIbHOMN
TIeTIN

TyHHeJ/JIbHBIE UHTEePeChI

HHuTepdericer BVI (Bridge-
domain Virtual Interface)

0O603HaueHHe U QYHKIIMOHAJI

bundle-ether <BUNDLE_ID>.<SUBIF_ID>

tengigabitethernet <UNIT>/<SLOT>/<PORT>.<SUBIF_ID>
fourtygigabitethernet <UNIT>/<SLOT>/<PORT>.<SUBIF_ID>
hundredgigabitethernet <UNIT>/<SLOT>/<PORT>.<SUBIF_ID>

O6o3HaueHue cabuHTepdetica obOpasyeTca U3 0003HaUYeHUSA
6azoBoro wuHTepderica U wuAeHTUOUKaTOpa cabuHTepderica,
paszesleHHBIX TOUKOM. /I cabuHTepdeiicoB 00s13aTeJIbHO 3a/iaHUe
TUIla WHKancyaanuu (‘encapsulation’). IlpuMep o0603HaYeHUS:

"tengigabitethernet 0/0/10.350'
Cabunmepdelicbl 8 cucmeme MONHCHO €030a8aMb U yOa1iMb.

loopback <ID>

BupTyaZlbHBIM HHTepQelCc JIOKaJIbHOM IleVIH. /JaHHBIA THII
IIpUMeHseTCsd B CJIydasiX, Korga TpebyeTcsl IIOCTOSIHHO aKTUBHBIN
Jlornuecku uHrepdeiic. [ipumep o603Hauenus: loopback 100°

Humepdelicbl 10Ka1bHOU nemau 8 cucmeme MONMCHO €030a8amb U
yoaname.

tunnel-ip <ID>

BuptyanbHbill uHTepdetic tunnel IP. BO3M0OKHBI pesKUMBI PaboThI
IP-IP u IP-GRE. [IpuMep o603HaueHus: ‘tunnel-ip 100°

TyHHe/ibHble UuHmMep@elicbl 8 cucmeme MONCHO €030asamsv U
yoaname.

bvi <ID>

BupTtyasbHbI uHTepderic BVI. /laHHBIN THI TIPUMEHSETCAd B
cay4dasx, Korga Tpebyercs [ob6aBiieHHMe MapIIpyTHU3HUPYIOIEro
uHTepdetica B OpuK-goMeH. [Ipumep o603HayeHud: ‘bvi 100°

Hnmepdelicvt BVI 8 cucmeme M0X4CHO €030a8amb U yoaisimb.



Tun unrepdeiica 0O603HaueHHe U QYHKIIMOHAJI

HHTGPQ)EIZCBI yIIpaBJIEHUS mgmt <UNIT>/<SLOT>/<PORT>

NHTepdericel out-of-band yIripaBiieHus - 3TO BblJeJleHHBIe ethernet-
UHTepQercel [UId A0CTyIla M YIIpaBJIeHHs MaplIpyTH3aTopoM. B
KauecTBe <SLOT> moryT BeIcTyIaTh 'fmc0' u 'fmcl', B 3aBUCUMOCTHA
OT aIIapaTHoOM KoH$Uurypanuu. [IpruMepsl 0603HaUYeHU:

* 'mgmt 0/fmc@/1" - gixa ME5100;

e 'mgmt 0/fmc@/0' 1 'mgmt 0/fmc@/1" mast FMCO B MapIIpyTHU3aTOpe
MES5000;

e 'mgmt 0/fmc1/0"' m 'mgmt @/fmc1/1" mast FMC1 B MapIIpyTHUsaTope
ME5000

Humepdeticbl ynpas.ieHUs 8ce20a npucymcmeayrom 8 cucmeme.

HHTepdericel yIIpaBJIeHUSA He
IIpeJHa3Ha4YeHbI [JI llepefjlaqyd TPaH3UTHOTO

IMPORTANT Tpaduka (He y4dyacTBYOT B pabore data-
plane) u sxecTko npuKperuieHs! K VRF 'mgmt-
intf".

1. KosmyecTBO QU3MYECKUX HHTepQEeHcoB B CHUCTeMe 3aBHUCUT OT MOJesH

MapIIpyTHU3aTOpa M YCTAHOBJIEHHBIX IMHEMHBIX MOYJIEH.
NOTE
2. Texymasg Bepcus 110 He Imofiep’KUBaeT KaacTepusariuio. HoMmep ycTpoicTBa B

ki1acrepe <UNIT> Mo’keT IPUHUMATh TOJIBKO 3HaUeHHe 0.



®YHKIINU YIIPABJIEHHWA

HacTpolika napaMeTpoB CUCTEMbI 0€30I1aCHOCTH

Kak yKa3bIBaJIOCh BhIIIIe, YYETHOM 3aIIMCHI0 10 YMOJIUAHHUI0 sBJIsIeTcsI admin ¢ rraposieM password.
JUigs  JIOKQJIBHOTO [IOCTyIa K YCTPOHCTBY PpEKOMEHAyeTCS CO37aTh yYeTHBIe 3alliCU
II0JIb30BaTeJIeH, BO3MO>KHO, OTPAHUYUB JIJISI HUX YPOBEHb ITPUBUJIETHH.

Tabauya 5. Hacmpolika I0Ka/1bHOU yuemHoll 3anucu

Komanpga HasHaueHnue

configure [Tepexof B pe>XUM IVI06aIbHOM KOHQUIYPaIIUHU.

user user_name [Tepexof B peXUM KOHQUI'YpaIlUU YUeTHOM 3aIIHCH I10/Ib30BaTeJIS.
password [encrypted] 3ajaHue MapoJid I10J1b30BaTesIsI B OTKPHITOM HMJIH IHUGPOBaHHOM
password BUJIE.

privilege p1-p15 3amaHue YPOBHS IIPUBUJIETUH I10/Ib30BaTEJIA.

exit (OnroHasIbHO) Bo3BpaT B peskuM 17106a/1bHOM KOHQUTYpaLUH.
commi t [IpruMeHeHMe IPOU3BeIeHHBIX HACTPOEK.

IIpumep. Hacmpolika yuemHoil 3anucu no.16308amesi.

user test
password test123
privilege p10
exit

Taxoxe MOXXHO 3a7jaTh JIOKAJIBHBIM I1aPOJIb I Ka’K/I0r0 YPOBHA IIPUBUJIETHI.

IIpumep.

enable p15
password highest
exit

Tabauuya 6. KomaHda nepexoda Ha coomeemcmayrouuil ypoeeHb npusuiezuil 8 mexkyuieti ceccuu
KomaHnpga HasHnaueHnue

change-privilege { p1 | p2 [lepexon Ha COOTBETCTBYIOIIUUA YPOBEHD IIPUBUJIETHIA.
| .. | p15 } [ PASSWORD
]

IIpumep.

0/ME5100:Router> change-privilege p15 highest
0/ME5100:Routert
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NOTE [Tepexof Ha MEHBIIINI YPOBEHb IIPUBUJIETUU IIPOU3BOAUTCS 6e3 IIapoJIs.

Mexanusm AAA

Jlisi obecrieueHus1 6e30MMAaCHOCTH CHCTEMBI HCIIOJIb3yeTcs MeXaHU3M AAA (ayTeHTHQUKAITUS,
aBTOpU3alys, yueT):

* authentication (ayTeHTHdUKaIMg) — COIIOCTaBJIeHHe 3aIpoca CyI[eCTBYIOIEN Y4YETHOM
3aIlMCH B CUCTeMe 6e30I1aCHOCTH;

* authorization (aBTOpH3aIys, IIpoBepKa YPOBHS AOCTYIIa) — COIIOCTaBJIeHUEe YUETHOM 3alllCHU B
cucTeMe (Ipolealel ayTeHTUPUKAIINI0) U OIIpe[eIEHHBIX II0JTHOMOYMI;

* accounting (y4éT) — y4éT IeliCTBUU I10JIb30BaTeJIs.

Tabauya 7. Hacmpolika aymeHmugpukayuu
KomaHnpga HasHaueHue
configure [Tepexof B pesKuUM 171062/ IbHOM KOHQUTYPALIHAH.

aaa authentication { login  Cospganme cumcka ayTeHTHHKAIIUM.
| enable } list name
* login — 1y1 BX0/ia B CUCTEMY;

* enable — 11 CMeHBI YPOBHS IIPUBUJIETUH.
method { 1dap| local | 3ajlaHue MeTo/ia ayTeHTHQUKAIlMM BHYTPU COOTBETCTBYIOIIETO
tacacs | radius } CIIMCKa ayTeHTUQUKAIIUU
* ldap —MeTox yCTaHaBIWBAaeT ayTeHTUQUKAIUI0 Uepes
CKOHUTyprpoBaHHbIe LDAP-cepBepsI;

* local —MeTo/ ycTaHaBJIMBAaeT JIOKAJIbHYI0 ayTeHTHU(QUKAIHIO,
TO eCThb ayTeHTH(QUKAIIMI0O COIJIACHO HacTpoMKaMm 'enable’ u
‘user' B TeKyILle KOHQUTypaIiH;

* tacacs —MeToJ yCTaHaBJIWBaeT AayTeHTUQUKAIIUI0 Yepes
ckoHpurypupoBaHHble TACACS+-cepBephl;

* radius —MeTO[ yCTaHaBJIMBAaeT ayTeHTUQUKAIIUIO Yepes
CKOHQUTrypupoBaHHbIle RADIUS-cepBepEL.

exit (OmmoHasIbHO) Bo3BpaT B pesKUM IJI00aIbHOU KOHQUTYyPaIlHH.

commit [IprMeHeHMe IIPOU3BEIEHHBIX HACTPOEK.

Tabauuya 8. Hacmpotika asmopusayuu u yiema
Komanpa HasHnaueHue
configure [Tepexof B pe>kKUM IVI06aJIbHOM KOHQUIYPaIIUHU.

aaa authorization commands BxiroueHme aBTOpM3aI[MH KOMaH]| II0JIb30BaTe sl depes TACACS+-
tacacs cepBep.

11



KomaHnpa

aaa accounting commands {
start-only | start-stop |
stop-only } tacacs

aaa accounting login start-

stop { tacacs | radius }
tacacs

exit

commit

HasHaueHnue
BxiroueHue JIOTUPOBaHHA KoMaHJ, Iojab3oBaTesss Ha TACACS+-

cepBepe.

BxylroueHMe JIOTUPOBaHUS BXOZa II0JIb30BaTessi B CHUCTEeMY U
BeIxoza u3 Hee Ha TACACS+ miu RADIUS-cepBepe.

(OmroHasIbHO) Bo3BpaT B peskuM II06aIbHOM KOHQUTYPAIIHH.

HpI/IMEHeHI/Ie IIPOH3BEAEHHBIX HACTPOEK.

ITpumep. Hacmpolika aymeHmugukayuu 045 cepsuca telnet.

aaa authentication login TAC245

method tacacs
method local
exit

line telnet login authentication TAC245

Hactporika cepBepoB TACACS+ u RADIUS

Tabauya 9. Hacmpoiixa cepgepa TACACS+

KomaHnpga

configure

tacacs-server host {
DOMAIN NAME |
_IP_serveraddr |
IPv6_serveraddr} [ vrf
vrf_name ]

password [encrypted]
password

priority priority

exit

tacacs-server timeout secs

tacacs-server dscp dscp_val

commit

HasnaueHnue
[Tepexof B pesXyUM 171062/ IbHOM KOHQUTYpALH.

3amaHue B KoHurypanuu cepBepa TACACS+ ¢ ykasaHHBIM IPv4
(IPv6)-agpecoM WM [OMEHBIM HMeHeM B IJI006aJbHON TabJivile
mapupyrusaiiuu (GRT) win BHyTpHu yKazaHHOTO VRE.

3amanue maposa cepBepa TACACS+ B OTKPBITOM  WJIHA
muruGpoBaHHOM BUJIE.

3agaxue npuopurera TACACS-cepBepa .
Bo3Bpat B peKuM IJI06aIbHOM KOHQUIYPALIUH.

(OnoHanIbHO) 3ajlaHre BpeMeHU 0KHUIaHUS OTBETa OT CEPBEPOB
TACACS+, B CeKyH/1aX.

(OnmroHanbHO) 3asaHue 3HayeHUs 10y DSCP, ¢ KoTopeIM OyayT
reHepupoBaThes IP-11akeTsl, oTIIpaBgeMble Ha cepBepbl TACACS+.

HpI/IMEHeHI/Ie IIPOH3BENEHHBIX HACTPOEK.

IIpumep. Hacmpotika cepsepa TACACS+.

12
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tacacs-server host 192.168.16.245 vrf mgmt-intf
password encrypted 8FB1007FB51B43FED3

exit

Tabauua 10. Hacmpotika cepeepa RADIUS

KomaHnpa

confiqure

radius-server host {
DOMAIN NAME |
_IP_serveraddr |

IPv6 _serveraddr} [ vrf
vrf_name ]

password [encrypted]
password

priority priority

source-address { IP_intf-addr
| IPv6_intf-addr}

acct-port port

auth-port port

timeout secs

exit

timeout secs

radius-server dscp dscp_val

radius-server timeout secs

radius-server retransmit val

commit

HasnaueHue
[Iepexof B pesXyuM 171062/ IbHOM KOHQUTYPALIH.

3amaHue B koHOurypanuu cepBepa RADIUS ¢ ykasaHHBIM IPv4
(IPv6)-agpecoM WIU JOMEHHBIM HMMeHeM B IJIO6AJILHOM TabJivile
Mmapuipytusanmuu (GRT) wiu BHyTpHu yKazaHHOTO VRE.

3azaHue 1apoJisa cepepa RADIUS B OTKPBITOM WIH MTUGPOBAHHOM
BU[E.

3azaHue rpuoputera RADIUS-cepBepa.

3amanue IP (IPv6) azpeca, KOTOpPBIM OyneT MCIIOJIB30BaTbCI B
KauecTBe [P-asipeca oOTIIpaBUTesd IIpM OTIIpaBKe IIAKeTOB Ha
RADIUS-cepBep. CiiegyeT yKasblBaTh afpec, IIpUHAAJIeKaIUuNi
HHTepdericy MaplIpyTH3aTOpa B COOTBeTCTBYIOIEeM VRE.

(OnmmponanbHO) 3amaHue HoMepa UDP-opra [UIg Ilepefadyud
NAaHHBIX y4eTa.

(OmmoHasTbHO)  3aZlaHWe HoOMepa IIopTa [JId  Ilepefayu
ayTeHTUOUKAITMOHHBIX TaHHBIX.

(OmoHanbHO) 3alaHUe BpeMeHU O0)KHIaHUS OTBeTa OT cepBepa
RADIUS, B ceKyH/1ax.

Bo3BpaT B pesKUM I7106aIbHOM KOHQUTYPaITHH.

(OnroHasbHO) 3alaHKe BpeMeHU OKHU/IaHUs 0TBeTa 0T CepBEPOB
TACACS+, B ceKyHJax.

(OmmoHanbHO) 3amaHue 3HaueHUs 11011 DSCP, ¢ KOTOpBIM OyayT
reHepupoBaThbcd IP-11akeTs], oTIIpaBisieMble Ha cepBepbl RADIUS.

(OnroHanbHO) 3a/laHKe BpeMeHU OKHU/IaHUs 0TBeTa OT CepBEPOB
RADIUS, B ceKyHIax.

(OmnroHasIbHO) 3ajaHMe KOJIMUecTBa IIOIIBITOK oOOpallleHus K
RADIUS-cepsBepy.

[IppMeHeHMe IIPOH3BeJeHHBIX HACTPOEK.

ITpumep. Hacmpotika cepgepa RADIUS.

radius-server host 10.1.1
password radius-pass
source-address 5.5.0.0
timeout 10

.10 vrf test
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exit

Hactpoiika cepBepoB SSH u telnet

YIasleHHBIN JOCTYII K YIIPAaBJIEHUI0 YCTPOMCTBOM OCYII[eCTBJIAETCA 110 IIPOoTOoKOoIy SSH miu telnet,
JIOKQJIbHBIA - Yepe3 KOHCOJBHBIM IIOPT. /JII1 yAa/lIeHHOIO [OCTylla HeoOXOLWMO yKasaTb B
KOHQUIYpAIIH COOTBETCTBYIOIIHE CePBEepPHIL.

Tabauua 11. Hacmpolika telnet-cepgepa.

KomaHnpga HasHaueHue

configure [Tepexof B pesKUM I71060aJIbHOM KOHQUIYpaIluH.

telnet server [ vrf CospmaHue B KoHouryparuu Telnet-cepBepa U Ilepexof B PeXUM
vrf_name ] HaCTPOMKHU ero ImapaMeTpoB (config-telnet-server-vrf). IIpu 3amycke

Telnet-cepBepa B kakoM-sii60 VRF (yit60 B miobanbHOM Tabiuiie
MapIIpPyTHU3alluK) YCTPOMCTBO HaUWHAaeT IIPUHUMATL COeJIUHEeHUs
1mo 1mporokosy Telnet Ha Tex CBOMX HHTepdercax, KOTOpPBIe
BKJIIOYEHBI B YKasaHHBIA VRF.

dscp dscp_val (OnnuoHanbHO) 3afaHue 3HadyeHUd 11011 DSCP, ¢ KOTOpsIM 6YAyT
reHepupoBaThCsd IP-ITakeTkl.

session-limit val (OnIoHaIbHO) 3amaHue MAaKCHMaJIbHOTO KOJIMUeCTBa
O/THOBPEMEHHO IT0/IK/II0UYeHHBIX I10JIb30BaTesIen

port val (OnmoHasnbHO) 3afjlaHue HOMepa IIOpTa, II0 KOTOpoMy OyzeT
IIPUHHUMATh BXOJISIITE CoeIMHEeHUS COOTBETCTBYIOIIHH
JIOKQJIbHBIH CcepBep.

exit (OnroHasbHO) Bo3BpaT B peskuM I7106a/1bHOM KOHQUTYpaIUH.

commit [IprMeHeHMe IIPOU3BEIeHHBIX HACTPOEK.

Tabauuya 12. Hacmpotika SSH-cepgepa.
KomaHnpga HasHaueHue
configure [Tepexof B pesKuM 171062/ IbHOU KOHPUTYPALIHAH.

ssh server [ vrfvrfname] Cosmanue B KoHbUryparuu SSH-cepBepa U IlepexXof; B PeXUM
HacTpoMKu ero IapamerpoB (config-ssh-server-vrf). IIpu 3amycke
SSH-cepBepa B KakoM-1u60 VRF (1m60 B I106asbHOM TabJivile
MapIIpyTHU3aliii) YCTPOMCTBO HaUWHAaeT IIPUHUMATh COeUHeHUs
0 IpoToKoay SSH Ha Tex CBOUX UHHTepdelicaX, KOTOpbIe
BKJIIOYEHEI B YKasaHHEIN VRF.

dscp dscp_val (OmmoHanbHO) 3amaHue 3HaueHUs 110Ji1 DSCP, ¢ KOTOpBIM OyayT
reHepupoBaThCA IP-ITakeTsl.

session-limit val (OmoHaIbHO) 3amaHue MaKCHMaJIbHOTO KOJIM4ecTBa
O/THOBPEMEHHO I10JIK/II0YeHHBIX I10JIb30BaTeIen

hostname-Lookup (OnruoHanbHO) BKIUUTE paspeliieHre DNS-uMeH

14



KomaHnpa

port val

exit

commit

Ha3umaueHue

(OnmpoHasbHO) 3ajaHMe HOMepa IIOpTa, II0 KOTOpOMy Oyzher
IIPUHUMATh BXOJAIIIHe COeJMHEeHUs COOTBETCTBYIOIIHUHI
JIOKaJILHBIU cepBep.

(OnroHasbHO) Bo3BpaT B peskuM I7106a/1bHOM KOHQUTYpaITHH.

[IppMeHeHUe IIPOM3BeJeHHBIX HaCTPOeK.

HacTpolika napaMeTpoB TepMHHAJIBHBIX CEeCCUU

Tabauua 13. Hacmpotika Telnet-ceccuil.

KomaHnpaa

configure

line telnet enable
authentication list name

line telnet login
authentication list_name

line telnet session-timeout
val

commit

Ha3sHaueHHe
[Tepexof B pesKuUM 11062/ IbHOM KOHQUTYPALIHAH.

BxiroueHve enable-ayreHTHQUKanuu (ayTeHTUQUKAITUU  IIPU
repexo/ie Ha pasHble YPOBHU IIPUBHJIETHN) HOAK/IIOUYEHHBIX II0
IIPOTOKOJTY Telnet I10JIb30BaTeJiel yepes paHee
CKOHQUTYPUPOBAHHBIN CHOUCOK MeTOHoB AAA (aaa authentication
enable). TIlocsie BBIIIOJHEHWS JaHHOM KOMaHAbI  enable-
ayTeHTUQUKAITUSA  IIOAKJIKYEHHBIX 10  IpoTokosy  Telnet
II0JIb30BaTesiell OyZeT IPOBOJUTHCI II0 MeTOoJaM, yKa3aHHBIM B
9TOM CIIHCKE.

BkiroyeHue ayTeHTHQHUKAIMM BXOJa IIOJIb30BaTeed  IIpHU
IIOJK/IIOYUeHUH I10 nporokosy  Telnet  4yepes paHee
CKOHQUIYPUPOBaHHBIN CIIUCOK MeTOHOB AAA (aaa authentication
login). IIociie BBINIOJIHEHUS JaHHOM KOMaH[Bl ayTeHTHQUKAaIIUA
BXO/la IIOK/II0OUYEHHBIX 110 IIPOTOKO0JIy Telnet mosib3oBaTesieii OymeT
IIPOBOAUTHCA 110 METOZAM, YKa3aHHBIM B 3TOM CITHCKE.

(OmmmoHanbHO) 3afaHue Iepruofa HeaKTUBHOCTH (B MUHYTaX) A1
HOAK/JIIUYEHHBIX II0 IIPOTOKOJYy telnet mosib3oBaTese, II0
UCTEUYEeHNH KOTOPOTO CeCCHM TaKUX II0Jb30BaTesiel OyneT
IIPUHYAUTEJIHbHO 3aBepIIeHbL.

HpI/IMEHEHI/Ie IIPOHU3BEAEHHBIX HACTPOEK.

Ta6auua 14. Hacmpotiika SSH-ceccuu.

KomaHnpma

configure

Ha3sHaueHHe

[Iepexof B peKUM I7106a/IbHOM KOHQUTYpaITUH.
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KomaHnpa

line ssh enable
authentication list name

line ssh login
authentication list name

line ssh session-timeout val

commit

HasxnaueHue

BruroueHue enable-ayreHTHUKAUU (ayTeHTUQUKALIUU IIPU
Iepexofile Ha pasHble YPOBHU IIPUBUJIETHM) IIOJK/IIOYEHHBIX II0
IIPOTOKOJIIY SSH II0JIb30BaTe e yepes pauee
CKOHQUIYPUPOBAHHBIN CIIMCOK MeTOX0B AAA (aaa authentication
enable). Tlocsie BBIIIOJHEHMS JaHHOM KOMaHAbl  enable-
ayTeHTUQUKAIlUd  [OAKJIKYEHHBIX [0  IIpoTokoay  SSH

II0JIb30BaTesIen 6y/1eT IIPOBOOIUTHCA IIO METOOaM, YKd3aHHBIM B
9TOM CIIHCKE.

BkiroyeHue ayTeHTHQUKAIMM BXOZJa IIOJIb30BaTesed  IIpHU
IIOJIK/II0YUeHU U 110 IIPOTOKOJIY SSH 4yepes paHee
CKOHQUTYPUPOBAHHBIN CIUCOK MeTOHoB AAA (aaa authentication
login). Ilocse BBIIOJIHEHUS [JAHHOUW KOMaHAbLI ayTeHTU(QUKAITUA
BXO/ja IIOQK/II0YEHHBIX I10 IIPoTOKOoIy Telnet mosb3oBaTesiel 6ygeT
IIPOBOJUTHCS 110 METOZ,aM, YKa3aHHbIM B 3TOM CITHCKE.

(OnroHanbHO) 3afjaHue Iepuoa HeaKTUBHOCTH (B MUHYTaX) Ui
IIOLKJIIOUEeHHEIX 110 IIPOTOKO0IY SSH mmosib3oBaTesiel, 110 HCTeUeHUU
KOTOPOr0 CecCHY TaKWUX II0Jb30BaTesell OyneT IIPUHYIUTEIHLHO
3aBepIlleHbL.

HpI/IMEHeHI/Ie IIPOH3BEAEHHBIX HACTPOEK.

Tabauua 15. Hacmpoiika A0KAAbHOU KOHCO/bHOU Ceccull.

Komanpa

configure

line console enable
authentication list name

line console login
authentication list_name

line console session-
timeout val

commit

HasnaueHue
[Iepexof B pesXyUM 171062/ IbHOM KOHQUTYPAIIH.

BxiiroueHre  ayTeHTHQUKAIIUM  BXOJa IIOJIb30BaTesell  Ha
KOHCOJTbHOM IIOPTY yCTPOMCTBA yepes paHee
CKOHQUTYPUPOBAHHBIN CIIUCOK MeTOHOB AAA (aaa authentication
login). Ilocsie BBIIOJIHEHUS [JAHHOM KOMaHAbLI ayTeHTU(PUKAITUA
BXO/Ia Yepe3 KOHCOJIb 6y/IeT IPOBOAUTHLCS 110 MeTO/IaM, YKa3aHHBIM
B 3TOM CITHCKE.

BxiroyeHue — ayTeHTHOMKAIlMM  BXOJa  IIOJIb30BaTese  Ha
KOHCOJIbHOM IIOPTY YCTPOMCTBA yepes paHee
CKOHQUIYPUPOBaHHBIN CIIUCOK MeTOHoB AAA (aaa authentication
login). Ilocyie BBINIOJIHEHUs JaHHOM KOMaH[bl ayTeHTHQUKAaIIUA
BXO/la Yyepes3 KOHCOJIb Oy/ieT IIPOBOAUTHCA 110 METO/IaM, YKa3aHHbBIM
B 3TOM CIIMCKE.

(OmIroHaIbHO) 3alaHue TIEPHU0/ia HEaKTUBHOCTH TTOIKTI0UEHHOTO
Ha KOHCOJBbHOM IIOPTY IIOJIH30BATENISI, II0 HCTEUEHHU KOTOPOTO
ceccHs II0JIb30BaTesIs OYeT IIPUHYAUTEIHHO 3aBepIeHa.

[IppMeHeHMe IIPOM3BeJeHHbIX HACTPOEK.

ITpumep. Hacmpoiika Telnet-ceccuu.

line telnet login authentication TAC245
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line telnet enable authentication PRIO
line telnet session-timeout 40

YcTaHOBKA CHCTEMHOI'O BpEeMECHHA

CucTeMHOe BpeMs MO>KHO YCTaHOBHUTH JIByMs CIIOCOGaMU:

* BPYYHYIO;

* C IIOMOIIIBIO IIPOTOKOJIa NTP.

[Ipr HacTpoliKe BPYYHYIO B YCTPOMCTBE yCTaHABJIUBAeTCd BpeMsd U [aTa, HO OTCYTCTBYeT
BO3MO’KHOCTH IIPOBEPUTH TOYHOCTH BpeMeHHU. [IpoTokos NTP orpefnesserca clienmupukaliyieid
RFC1305 u mipeffocTaBiasgeT YCTPOUCTBAM B CeTH MeXaHU3M II0JIyUYeHUsI TOUHOTO BpeMeHU 0T NTP-
cepBepa. Ilpum wmcrosbp30BaHUM MIPoTOKOosIa NTP Bce yCcTpoMcTBa CHHXPOHUSHUPYIOTCI U
IO ep>KUBAaIOT TOYHOE BpeMs.

Tabauua 16. YemaHo8Ka CUCMEMHO20 8peMEHU 8PYUHYIO.

Komanpga

clock set HH:MM:SS DAY
MONTH YEAR

clock read-calendar

clock update-calendar

HasHaueHue

VcTaHOBKAa BpeMeHHM M JaThl B IIPOrPaMMHBIX Yacax CHUCTEMBI, B
dopMaTe: 4aChI:MUHYTHI:CEKYH/IbI IeHb MeCSI] TOf,

CI/IHXpOHI/IBaHI/IH IIPOTPaMMHEBIX 4YaCOB CHCTEMBI MW aIlllapaTHBIX
YacoB.

VcTaHOBKa B allapaTHBIE 4Yachl YCTPOMCTBA BpPeMEeHU M [JIaThbl
IIPOrpaMMHBIX YacCoB.

IIpumep. YcmaHoeKa cucmemHo20 8peMeHU 8PYUHYH.

0/ME5100:Router# clock set 12:21:15 21 march 2019

Tabauya 17. YemaHo8Ka CUCMEMHO20 8peMeHU Nocpedcma8om npomokosa NTP.

KomaHma

confiqure

clock timezone gmt +/-12

ntp [ vrfvrf name ]

broadcast-client

Ha3snaueHue
[Tepexof B pe>KUM IV106aIbHOM KOHQUTYpaIIUH.
YcTaHOBKa 4acOBOM 30HBI

Cospmanue B KoHQurypamuu NTP-cepBepa U IIepexofi B PEXUM
HaCcTpPOMKH ero IapaMeTpoB (config-ntp-vrf). IIpu samycke NTP-
cepBepa B KakoMm-iu60 VRF (6o B mI06asbHOM TabJiuile
MapIIpyTHU3alluKh) YCTPOMCTBO HauWHaeT paborarb ¢ NTP-
cepBepaMH Ha TeX CBOMX HMHTep¢elcax, KOTOpble BKJIIYEHHI B
yKasaHHBINA VRE.

PagpelieHre  mOJy4YeHUs  IIMPOKOBeIllaTeJbHBIX  IIAKETOB.
CraHoapTHO paBHOIpaBHBIe NTP-cepBepbl  OTIIPABJAIT U
IIPUHUMAIOT OJHOAaJpecHbIe ITakKeThl. B ciaydae, eci HECKOJIBKO
NTP-cepBepOB pacroJIoKeHbI B 00111ei1 ceTH, BMECTO OHOApeCHBIX
IIaKeTOB MOTYT UCII0/Ib30BaTHCS MHOTOa/ipecHEbIe.
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KomaHnpa

peer { IP_intf-addr |
IPv6_intf-addr }

authenticate

authentication-key key-
number

md5 [encrypted] password

trusted-key key-number

exit

server { IP_intf-addr |
IPv6_intf-addr }

maxpoll value

minpoll value

version { NTPv1 | NTPv2 |
NTPv3 | NTPv4 }

prefer

key key-number

commit
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Ha3umaueHue

3anmanue IP (IPv6) agpeca yganeHHoro NTP-cepBepa. NTP-cepBep Ha
MapIIpyTHU3aTope paboTaeT B pesKUMe [BYCTOPOHHEN aKTUBHOCTU
¢ ypaseHHBIM NTP-cepBepoMm, yKasaHHBIM B KoMaHpze. B ciyuae
IIOTEPH CBA3W OJHOIO M3 IapTHEPOB C BeImIecToAMM NTP-
CepBepoM, OH CMOXKeT CHHXPOHH3HPOBAaThL BpeMs II0 CepBepy-
IapTHepY.

(OnmonanbHO) OrpanuyeHue goctyna K NTP-ciay»xbe ¢ TOMOIIbIO
ayTeHTU(QUKaAIIUHU.

ITepexon B pe’KUM KOHQUIYPUPOBaHUA KJKOUYA ayTeHTUQUKAIIUU
(config-authentication-key).

BaﬂaHI/Ie I1apoJid B OTKPBEITOM HUJIA H_II/I(l)pOBaHHOM BH]IE.

VkasaHMe  KJII0Ya, II0 KOTOPOMY  CJlIefyeT  IIPOBOAMTH
ayTeHTUQUKAIIUIO.

BosBpart B pexuM KoHpurypariuu NTP-cepBepa.

3amauue [P (IPv6) ampeca NTP-cepBepa W mepexof; B KOMaHIHBIN
pexxuM config-ntp-vri-server-ipv4. Mapiupytusatop paboraeTr ¢
YKa3aHHbIM NTP-cepBepoM B pesxuMe OJHOCTOPOHHEN
aKTHUBHOCTH. B JaHHOM  peXXuMme  JIOKAJIbHBIE  YacChl
MapIIpyTHU3aToOpa MOTYT CHHXPOHU3UPOBATHCA C yaaseHHBIM NTP
cepBepoM.

3afaHyre MaKCHMaJIbHOIO0 3HAaUeHUs HMHTepBajla BpeMeHU MeXXIy
OTHpaBKOM coobieHu NTP-cepBepy. IlapamMeTp KOMaH/bI
UCII0JIb3yeTCsd KaK II0Ka3aTesb CTeIIeHU IBOMKH IIPU BHIUUCIEHUU
[UINTEeJIBHOCTH  HHTepBajsia B  CekyHmaXx. CaM  wHTepBal
BBIUMC/IAETCA IIyTeM BO3BeIeHUsd OBOMKU B CTeIleHb, 3aJaHHYIO
mapaMeTpoM KoOMaH/[bI. [[ppyHuMaeT 3sHaueHud 4..17.

3aslaHe MUHHUMAaJIbHOTO 3HaUeHWA UHTepBaJsia orpoca. Ilapamerp
KOMAaH[Ibl MCIIOJL3YeTCs KaK II0Kas3aTesb CTelleHU OBOMKU IIPU
BBIUMC/IEHUY [UIMTEJILHOCTH WHTepBasia B CeKyHzgaX. CaMm
UHTepBaJl BBIUUCILETCA IIyTEM BO3BeIeHUs [BOMKH B CTeIleHb,
3aJJaHHYI0 TapaMeTpoM KoMaH/bL. [IpyHuMaeT sHaueHud 4..17.

VkasaHue Bepcuu NTP-cepBepa.

Bribop Tekyinero NTP-cepBepa KakK IIpeAIIOYTHUTeJbHOro. IIpu
IIPOYMX PaBHBIX YCI0BUAX NaHHBINA NTP-cepBep 6yzeT BrIOpaH I
CUHXPOHU3AIUU Cpeau Bcex pabouux NTP-cepBepos.

VkasaHue paHee CO3JaHHOIO KJIIOYa, MCIIOJIL3YeMOIO I
ayTeHTHGUKaTUU Ha NTP-cepBepe.

HpI/IMEHeHI/Ie IIPOH3BEAEHHBIX HACTPOEK.



ITpumep. YcmaHoeKa 4acoeoll 30Hbl u Hacmpolika NTP-cepeepos.
clock timezone gmt 7

ntp
server ipv4 10.115.0.5
key 4
exit
authentication-key 4
md5 encrypted 99B1063CE15E
exit
authenticate
trusted-key 4
exit
ntp vrf mng
server ipv4 192.168.16.113
exit
server ipv4 192.168.16.119
prefer
minpoll 4
exit
exit

Z[I/IaI'HOCTI/I‘IeCKI/Ie KOMaH/JAbI CHCTEMHOI'O BpEMEHHA

show clock detail
KOMaH/Ia BBIBOJIUAT HH(l)OpMaHHIO 0 aTe, BPEMeHI/I U YaCOBOM 30He.

ITpumep: show clock detail

0/ME5100:Router# show clock detail
Fri Mar 22 11:40:20 2019
Timezone: GMT7

show ntp vrf all status

KomaHa BEIBOAUT HHPOPMALUIO 0 craTyce NTP-cepBepoB, 3allyllleHHbIX KaK B KaKoM-1160 VRE,
TaK U B I71I006a/IbHOM TabJIMIle MapIIpyTHU3aI[AH.

ITpumep: show ntp vrf all status

0/ME5100:Router# show ntp vrf all status
Fri Mar 22 14:29:03 2019

NTP on vrf default
associd=0 status=c016 leap_alarm, sync_unspec, 1 event, restart,
version="ntpd 4.2.8p1@1.3265 Thu Mar 14 02:10:04 UTC 2019 (1)",
processor="mips64", system="Linux/3.10.59", leap=11, stratum=16,
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precision=-19, rootdelay=0.000, rootdisp=193.230, refid=INIT,
reftime=00000000.00000000 Thu, Feb 7 2036 13:28:16.000,
clock=e03f0d3f.a52a978d Fri, Mar 22 2019 14:29:03.645, peer=0, tc=3,
mintc=3, offset=0.000000, frequency=0.000, sys_jitter=0.000000,
clk_jitter=0.002, clk_wander=0.000

NTP on vrf mng
associd=0 status=0618 leap_none, sync_ntp, 1 event, no_sys_peer,
version="ntpd 4.2.8p1@1.3265 Thu Mar 14 02:10:04 UTC 2019 (1)",
processor="mips64", system="Linux/3.10.59", leap=00, stratum=3,
precision=-19, rootdelay=39.802, rootdisp=91.960, refid=192.168.16.119,
reftime=e03f0b48.a9c8f0f6 Fri, Mar 22 2019 14:20:40.663,
clock=e03f0d3f.b95791fe Fri, Mar 22 2019 14:29:03.723, peer=2919, tc=9,
mintc=3, offset=22.391883, frequency=19.641, sys_jitter=14.524438,
clk_jitter=11.868, clk_wander=4.690

show ntp vrf all associations
KOMaH/Ia BBIBOJIUT I/IH(l)OpMaI_II/IIO 0 CMHXPOHH3allWHX C BBIMIECTOAIIINMHA CEpBepaMK

ITpumep: show ntp vrf all associations

0/ME5100:Router# show ntp vrf all associations
Fri Mar 22 14:33:22 2019

NTP on vrf default
remote refid st t when poll reach delay
offset jitter auth

10.115.0.5 LINIT. 16 u - 1024 0 0.000
0.000 0.000 bad

NTP on vrf mng
remote refid st t when poll reach delay
offset jitter auth

*192.168.16.119 195.91.239.8 2 u 246 512 377 0.145
22.392 12.099 disabled
+192.168.16.113 172.16.0.1 4 u 155 512 377 0.163

16.495 15.039  disabled

Pe3epBHOE KOMUPOBAaHHE KOHPUTYPaAITUA

Pe3epBHOe KOIIMpOBaHUE KOHQUTYpPAITUU CETEeBBIX YCTPOMCTB — OfHA M3 06g3aTeIbHBIX Mep II0
COKpAIleHUI0 BpPeMeHH IIPOCTOSI CeTH. Pe3epBHbIe KOIMMHU KOHQUIYPAITUH IIOMOTYT OBICTPO
BOCCTAHOBUTB CETh KaK B cjydyae GU3UYECKOr0 BBIXO/[A YCTPOMCTB M3 CTPOS, TaK U IPU COOSX,
BBI3BAHHBIX OITHUOKaMU aIMUHUCTPATOPOB CETH.
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Tabauua 18. Hacmpotika pe3ep8upo8aHus KoH@uzypauuu.

Komanpga

configure

backup to URL

daily HH:MM:SS

interval value

memory-limit value

post-commit

pre-commit

password [encrypted]
password

vrf vrf_name

source-address { IP_intf-addr
| IPv6_intf-addr}

commit

HasnaueHue
[Iepexof B pesXyuM 171062/ IbHOM KOHQUTYPAIIH.

Co3pmaHue 3jIeMeHTa pe3epBUPOBAHUSA KOHQUIYPALTUU U I1epexo/i B
peXKUM  HACTpOMKM  3Ttoro  asieMeHTa  (config-backup-to).
HpeHTHOUKATOPOM 3j1eMeHTa siBJisieTcss URL, yKasaHHBIN B TaHHOM
KoMaHpe. Ilocsie cos3gaHUs 3jIeMeHTa pPe3epBHPOBAHUSA IIOJIHAs
KOHQUIypaus yCTpoMCcTBa OyAeT BBITPYKaThbCA II0 YKa3aHHOMY
URL nieproguyecKu JiM60 II0CJIe IIpUMeHeHUs1 KOHQUIypalluu — B
3aBHCHUMOCTHM OT HAaCTPOMKH 3jieMeHTa. /JlOIIyCTUMO CO3JaHue
HeCKOJIbKUX 3JIeMEeHTOB.

YcraHoBKa BpeMeHH (B 24-yacoBOM ¢opMaTe) e>KeJHeBHOU
BBITPY3KHU aiiyia KOHQUTYPaAITUU.

3aZjlaHye 3HaYeHHs UHTepBaJsa (B MUHYTaX, IPUHUMAaeT 3HaYeHUs
oT 1 pgo 43200), uepe3 KOTOpPBIH OyAeT IIPOU3BOJUTHCI
IepuoguyecKas BhITpysKa ¢paiia KOHQUTypaliyu.

3ajaHue orpaHUYeHUs Ha OOIIUM 060beM, 3aHUMaeMbli 63KallaMu
(B MerabamTax, npuHUMaeT 3HaueHud 0T 0 10 300) 119 yCTpOMCTBA.

BxiiroueHre BBIIPY3KH ¢aisla KOHQUIYpaIllMH II0C/Ie Ka’kKAoro
BBIIIOJIHEHUS OIlepalily comimit.

BkilroyeHUe BBITPY3SKH ¢aiia KOHQUIYpalluK Ilepell KarKAbIM
BBIIIOJIHEHHMEM oIepanuu commit. KomaHZa IIpUMeHseTcd B
pe’XuMe HaCTPOMKHU 3jIeMeHTa pe3epBHPOBaHUS KOHQUIYpaluu
"backup to".

3aaHue apoJis I10JIh30BaTesIs], KOTOPHIN 6y/IeT UCII0/IH30BaH IIPU
omepanusix BBITPY3KH O¢aisla KOHQUIypalluM Ha yIaJleHHBIN
cepBep B OTKPBHITOM MJIH ITUGPOBAHHOM BHJIE.

HwMms sk3emiuzsipa VRFE, B KOTOpOM OyZeT OCYILeCTBJISATHCSA CBI3b C
ykasaHHbIM URL.

3amanue IP (IPv6) azmpeca, KOTOpbIM OyAeT WUCIIOJIb30BATHCSI B
KauecTBe [P-azipeca oTIipaBUTe ISl IIPU OIlepallysax BRIIPY3KU daiiia
KOHQUIYpallUU Ha yJajIeHHBIU cepBep. CiefyeT yKasblBaTh aJpec,
IIpUHA/IeXKallui uHTepdercy MapIlIpyTusaTopa B
cooTBeTCcTBYyIOIIleM VRF.

[IppMeHeHMe IIPOM3BeJeHHbIX HACTPOEK.

ITpumep: HacmpoliKa excedHe8H020 COXpaHeHUs Pailia KOHPuUypauuu Ha yoa/1leHHOM cepeepe.

backup to tftp://192.168.16.119/ME5100/

daily 24:00:00
vrf mng
exit
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ITpumep: HaACMPOUKa Aa8MOCOXpaHeHUs Pailna KOHPU2ypauuu Ha ycmpoticmee noc.1e Kaxcoozo
8bINO/IHEHUS onepayuu commit.

backup to fs://backups
post-commit
memory-Llimit 250
exit

CoxpaHeHHBIe QaiIbl KOHQUIYpallUM Ha YCTPOMCTBE MOYKHO IIOCMOTPETh C IIOMOIIIBLIO
CyIeIytoIel KOMaH/Ibl:

show configuration backup
ITpumep: show configuration backup

0/ME5100:Router# show configuration backup
Wed Apr 3 17:01:06 2019

ID Date Stage

0 20190403_165328 post_commit
1 20190403 _133440 post_commit
2 20190403 133322 post_commit
3 20190403 121717 post_commit
4 20190403 121708 post_commit
5 20190403_121638 post_commit

B ciydyae c60d MM HEKOPPEKTHBIX [eMCTBHUU IlepCOHaJa II0 H3MEHEHHI0 KOHQUTYpaIluu
CYII[eCTBYET BO3MO>KHOCTB OBICTPOTO BO3BpaTa K IIpebIAyIel paboueii KOHGUTYpaAITUH.

ITpumep: omkam KoH@uypayuu K npedsvloyuieli gepcuul

0/ME5100:Router#commit backup 1_

VnajneHre KOHQUIypalyu 1 BO3BpaT K 3aBOJACKHUM
HaCTpOUKaM

[Ipy IIOJTHOM IIOTepe VIIpPaBJIEHUS YCTPOMCTBOM CYII[eCTBYeT BO3MO>KHOCTH BEpPHYTHCSI K
3aBOJICKMM HacTpPOMKaM. /lJIsI 3TOT0 HEOOXOTUMO:

Ha ME5100/MES5200

* OTK/IFOYHTH ITUTAHHE,

* BKJIIOUUTH IIUTAaHUE IIPU Ha)KaTOM KHOIIKe F (HaXoguTcd Ha IepefHeN IIaHesu). YiepXuBaTh
KHOIIKY B TAKOM ITI0JIO’KEHUH HEOOX0UMO 10 HauaJjla MUraHusg uHgukatopa "RUN";

* IIepe3arpysuThb YCTPOHCTBO M0 ITUTAHUIO.

Ha ME5000
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* OTK/IFOYHMTH ITUTAaHHE;

* BKJIIYWUTH IIMTaHHe IIPH HakKaToM KHoIIKe F Ha 1uiate FMC, xoTopas B JaHHBIA MOMEHT
SBJIIETCA MacTepoM. YIepKHBaTh KHOIIKY B TaKOM IIOJIOJKEHHMM HeOoOXOJMMO [0 Hauasa
MUraHusg uHIuKaTopa "STATUS";

* Iepe3arpysuThb YCTPOMCTBO 10 ITUTAHUIO.

ViupasiieHue noacucremou SYSLOG

Syslog (cucTeMHBIH J)KypHaJsI) — CTaHAAPT OTIIPaBKU U PETUCTPAIUU COOOIIIeHUN O IIPOUCXOIAIITUX
B CHCTeMe COOBITUAX (TO eCTh CO3JaHUS COOBITUMHBIX >KYPHAJIOB), HCIIOJIL3YVIOINUNUCA B CeTIX,
paboTaromux 1m0 IIPOTOKOoaYy IP. ®MIBTPOM 3aHOCHUMBIX B JKYpHal COOOIIEHUU SBJISIETCA
MUHUMaJIbHasl CTelleHb Ba)KHOCTHU (severity) coObITUN. Bce cucTeMHBIE COOBITHS, HMeIOIUe
BaKHOCThb PaBHYI0 WX 60Jiee BBICOKYIO, UeM 3aZjlaHHasd, II0fJjIe)KaT 3allMCU B JKypHasl COOBITUN
yCTpOIMCTBA.

CorracHo RFC3164, MMeroTcs CIeAyIolye CTaHfapTHRIEe 3HAUEHU CTelleHe Ba)KHOCTH:

Numerical Code Severity

0 Emergency: system is unusable

1 Alert: action must be taken immediately
2 Critical: critical conditions

3 Error: error conditions

4 Warning: warning conditions

5 Notice: normal but significant condition
6 Informational: informational messages
/ Debug: debug-level messages

Tabauya 19. Ouucmka cucCmemMHoO20 HCypHAAQ.

KomaHnpa HasHnaueHue
clear logging OYHCTHUTE JIOKAJIbHBIHA 5KypHaJ yCTPOMCTBA.
clear logging persistent O4uCcTUTH Qaiiibl, COXpaHEHHBIE HA TUCKe YCTPHUCTBA.

[file file _name]

Tabauya 20. Hacmpotika cucmemH0o20 HCypHANa.
KomaHnpga HasHaueHue
configure [Tepexof B pesKuM 171062/ IbHOM KOHQUTYPALIHAH.

logging buffered severity  3amaTh MUHMMAaJIBLHYIO CTeIleHb Ba>KHOCTHU (Sseverity) coOOIeHUY,

severity COXpaHsgeMbIX B JIOKaJbHOM JKypHasle YCTpPOMCTBA. 3aZaHHas
CTeIlleHb Ba)XHOCTH HCIIOJIb3yeTCd B KauecTBe QUIbTPa— BCe
CUCTeMHbIe COOBITHS, HMeEWIMe Ba)KHOCTh PaBHYH WU 0Oojee
BBICOKYI0, YeM 3aJlaHHasi, Io/JjIe)kKaT 3allUCU B JKypHaJ COOBITHUU
yCTPOIMCTBA.

23



KomaHnpa

logging buffered size
file_size

logging buffered rotate
file_count

logging crash-info rotate
file_count

logging cli-commands
disable

logging netconf-ssh disable

logging console severity

logging monitor severity

logging control-plane
internal

limit file_size
exit

logging control-plane
problem-detection

limit file_size

exit
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Ha3umaueHue

3amaTh MaKCUMaJIbHBIM pasMep ¢aiioB KypHaJia, UCII0JIb3yeMBIX
CHCTeMOM >KypHaJMpPOBaHWA YCTPOMCTBA B IIpPoIlecce POTAaIlUMU.
[Ipu pmocTkeHUH GQamaIoM 3aJaHHOIO pasMepa OH IIO[JIEXKUT
poTranuy, IIpyU 3TOM CTapbld ¢ain ygasnsercd. Pasmep ¢aiina 1o
yMmosrdaHuio 10000 KiB.

3ajaTb  KOJIMYECTBO  (QaijoB,  HCIIOJb3yeMBIX  CHCTEMOM
JKYpHa/IUpOBaHUsd YCTPOMCTBAa B IIpollecce poTaluu (anaoB
)KypHasa. KosnuyecTtBo ¢aiyioB >KypHasa MOXKeET IIPUHUMAaThb
3HaueHusd oT 1 1o 1000.

KoMmaHzy peKoMeH/yeTCs HUCII0Ib30BaTh COBMECTHO
¢ logging buffered size. Ha cuctemax, HaXOAAIIIUXCA
B 3KCIUTyaTalliH, He cJefyeT 3a/laBaTh 3Ha4YeHUS

NOTE
6osmee  10; BMeCTO 3TOT0  PeKOMEHAYeTCs
HCII0JIb30BaHUe ylaJIeHHBIX CepBepoB
>KYpPHaJIUPOBAHUS.

3a/laTh MaKCHMasJIbHOe KOJIM4YecTBO ailioB, cofeprKaliux
aBTOMAaTHUUeCKUH OTYeT 0 KPUTHUECKUX CO0sX ycTpoicTBa. Ilpu
IIPEBBIIIIEHUH 3TOT0 KOJIMYEeCTBa IIPOM3BOAUTCS pOoTarius ¢paiios.
KostmuecTBO $paityioB MOKeT IIPUHUMATh 3HaueHUs oT 1 710 50.

OTKJIIOUHUTH y4eT BBe[[eHHBIX I10Ib30BaTeIIMHA KOMaH]| B CUCTeMe
JKYpHaJIMPOBaHUA COOBITHU. 10 yMOI9aHUIO pesKUM JIOTHPOBaHUS
KOMaH]J, BKJIFOYEH.

OTKJIIOUHUTD yUeT BBeIeHHBIX II0JIb30BATEJISIMU 110 cecCHU "netconf
over ssh"koMaH/T B cHCTeMe >KypHaJIMpPOBaHUsS COOBITUH. IIo
YMOJTYaHHUIO PEXKUM JIOTUPOBAHUS KOMAaH]I BKTIOUEH.

3ajaTh MUHUMaJIbHYIO CTeIleHb BaXKHOCTHU (Severity) COOOIeHUH,
BBIBO/IMMBIX Ha allllapaTHYI0 KOHCOJIb YCTPOMCTBA.

3aaTh MUHUMAaJBHYI0 CTelleHb Ba)KHOCTH (severity) cooOIeHuUH,
KOTOpBIe 6yAyT 0To6pakaThbCsd B CECCHSIX yIaJleHHOIO YIIPaBJIEeHUS
ycTporictBoM (Telnet/SSH).

BKIIOUUTH  JKypHaJHpPOBaHHe  BHYTPEHHUX  TPacCUPOBOK
OCHOBHOIO IIPOTOKOJIBHOTO IIpoIlecca M TIIepedTH B PeKUM
KOHQUTYPHUPOBaHUS.

3asaTe MaKCUMaJ/IbHEIN pasMep apXuBa.
BBINTH U3 pesKuMa KOHQUTYPUPOBAHUS.

BKJIIOUUTH >KypHAJIUpPOBaHUE TPaCCUPOBOK OIIMO0K OCHOBHOIO
IIPOTOKOJILHOTO IIpoIiecca u IepeuTH B pexum
KOHQUTYPUPOBaHUI.

3a/aTh MaKCUMaJIbHBIY pa3Mep apXuBa.

BBIUTH 13 pe’KUMa KOHPUTYPUPOBAHUSL.



KomaHnpa

logging control-plane
signal

limit file_size
exit

logging persistent

file file_name

severity severity

subsystem subsystem

exit
exit

logging host { IP_intf-addr
| IPv6_intf-addr } [ vrf
vrf_name ]

description name

severity severity

tep port

udp port

commit

Ha3umaueHue

BKIIOUUTh  JKypHaJUPOBaHHe  CHUTHAJbHBIX  TPaCCUPOBOK
OCHOBHOIO IIPOTOKOJIBHOTO IIpoIlecca M TIIepedTH B PeXUM
KOHQUTYPHUPOBAHUSL.

3aJjaTh MaKCUMaJIbHBIU pasMep apxuBa.
BBINTH 13 peskKMa KOHQUTYPUPOBaHUS.

BKJIIOUUTh PEXXUM >KYpHaJIUPOBaHUS Ha J[AUCKe YCTPOMCTBA U
IIepedTH B pe>KUM HaCTPOUKU ero mapamMeTpoB.

VkasaTb UMd O¢aiyla JKYpHaJIUpPOBAaHUSA U IIEpPeMTHU B pPeXKUM
HaCTPOMKH IIapaMeTpOB.

3alaTh MUHHUMAJIbHYI0 CTelleHb Ba)KHOCTH (Severity) COOOIeHHIH,
OTIIpPaBJIZeMBIX Ha YaJIeHHbIN cepBep *KypHaJIUpPOBaHUs.

YKasaTh II0[CUCTEeMY, COOOIeHUs KOTOPOU OyAyT 3aIllMChIBaTHCA B
dan.
BBRINTH U3 peskrMa HaCTPOMKHU IapaMeTpPOoB 3allucy ¢atiia.

BeiiiTu 13 pexxrMa logging persistent.

BxuirounTh oTIIpaBKy SYSLOG-CcOO0OI[eHMIT Ha CepBep YAaIeHHOIO
JKYPHaJIUPOBaHUA U IIEPEHUTH B PEKHUM HACTPOMKHU IIapaMeTpOB
sToro cepBepa (config-logging-host). B koHUTyparuu yCcTpoMcTBa
MO>KHO 3ajlaBaTh HEeCKOJILKO cepBepoB yI4aJIeHHOI0
JKypHaJIUPOBaHUSL.

3amaTh UM XOCTa.

3alaTh MUHUMAJILHYI0 CTelleHb Ba>KHOCTH (Severity) COOOIeHMIH,
OTIIpaBJIieMBbIX B Gail.

YCTaHOBUTH peXUM paboThl II0 IIpoToKoay TCP mId Tekyliero
yOaJIeHHOIO CepBepa JKYpHAJHPOBAaHUA M 3a4aTb HOMep
HCII0JIb3yeMOTO II0pTa.

VCTaHOBUTh PEXXUM paboThl II0 IPOTOKOAY udp i1 TeKyIlero
yIAJIEHHOTO CcepBepa JKYpHAJIHPOBAaHHSI M 33JjaTh HOMEP
HCII0JI3yEeMOTO IIOPTa.

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

IIpumep: Hacmpoiika HYpHAAUPOBAHUS HA YOA1eHHOM cepgepe U 3anucu & daiin coobweHull

noocucmemsl if-mgr.

logging console debug

logging host 192.168.17.18 vrf mgmt-intf
description "ME EMS 17-18"

exit

logging monitor notice

logging persistent
file int
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subsystem if-mgr
exit
exit
exit
logging rotate 15
logging size 100

IIpoTokoJ ynpasieHus cetbro (SNMP)

SNMP (Simple Network Management Protocol — IIpoCTOM IIPOTOKOJI CETEBOTO YIIpaBJIEHUS) —
CTaHZAPTHBIN HWHTEPHET-IIPOTOKOJ [JI YIIpaBJIeHUsA yCTpoMcTBaMU B [P-ceTAX Ha OCHOBe
apxutekTyp UDP/TCP. I[IpOTOKOJI OOBIYHO MCIIOJIb3YEeTCd B CHUCTEMAaX CETEeBOIO YIIPaBJIeHUS MJIS
KOHTPOJIA IIOAK/II0OYEHHBIX K CETH YCTPOMCTB Ha IIpeAMeT YCIOBUM, KOTOpble TPeOyI0T BHUMaHUA
aJMHHHCTPaTOpa.

MapuipytusaTopsl cepurt ME nopiep>KuBaroT IIpoToKoJI Bepcuii SNMPv1, SNMPv2, SNMPv3.

Tabauya 21. Hacmpotika npomoxosaa SNMP.

Komanpga HasHaueHue

configure [Tepexof B pesXUM IVI00aJIbHOM KOHQUIYPaIIHHU.

snmp server syslLocation 3ajlaHue OIIUOHAJIbHBEIX mHapamMeTpoB SNMP-cepBepa. /[06aBUTH
descr uHGOpMAIIMI0O O MeCcTe YCTAaHOBKU YCTPOMCTBA WU JIHOOYIO

UHOOpMaLIIO A1 UeHTUGUKAIUU YCTPOMCTBA B CETH.

snmp server sysContact descr Jo6aBUTH MHPOPMAIIUI0 O KOHTAKTaX WM JII0O0YI0 MHPOpPMAIIHIO
111 aAMUHUCTPaTOpa CeTH.

snmp server trapMode OTopaByATh CTaHAAPTHBIE (10 YMOJIYaHWIO) WM pacilrupeHHble

{extended | standart} (pesosButTca if-index wuHTepdeiica B TeKCToBOoe uMA) SNMP-
yBeOMJIEHUS.

snmp server dscp value 3agmaHue sHaueHUs 1011 DSCP, ¢ KOTOPBIM O6YLyT reHEpUpPOBAaThCSI
IP-taxkeTEkl.

snmp server client-list CosmaHHe CIIMCKa XOCTOB, KOTOPBIM paspellleH JoCTyllr kK SNMP-

name cepBepy U Ilepexofi B peKUM ero HacTpoMKH (config-snmp-server-

client-list).

prefix {ipv4address YKkas3aHue ajpeca XocCTa.
|iv6address}
range {ipv4address range YKasaHHe [ualasoHa aZpecoB X0CTOB.

| iv6address range}
exit Bo3Bpat B pekKuM I7106aIbHOU KOHQUTYPaIIUH.

snmp server view name (OnImoHaIbHO) Co3maHue CIIUCKa 0TOOpa’kaeMbIX
UeHTUGUKATOPOB 00beKTOoB (OID) M Ilepexof; B PEXUM €ro
HacTporku. OTBeToM Ha SNMP-3ampoc KiueHTa OYAyT TOJILKO
paspelnieHHble aAMUHHCTPATOPOM OOBEKTHl, YTO II03BOJIIET
IIOBBICUTH 6€30I1aCHOCTH CETH.
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KomaHnpa

oid-tree {excluded |
excluded} oid oid

exit

snmp server [ vrf vrf_name]

community label name

community-name {encrypted
encrypted name | name}

address {ipv4address
|iv6address}

rights{ro | rw_}

version {any|v1|v2c}
view name
exit

host {ipv4 address
ipvdaddress | ipvé address
ipvdaddress| hostname}

community {encrypted
encrypted name | name}

port value

user name
authentication access {auth

| priv}

authentication algorithm
{sha1l | md5}

Ha3umaueHue

[lepexos K OIHMCAHUI) pa3peleHHbBIX/3alpeIeHHbIX I OIpoca
06beKTOB. OID 3a71aeTCcsI B TOUEUHOM HOTAITHH.

Bo3BpaT B peKUM I7106aJIbHOM KOHQUTYPaAITHH.

[Tepexo B pe’XKUM HaCTpOMKHU nmapameTpoB SNMP-cepBepa (config-
snmp-server-vrf). IIpu sanycke SNMP-cepBepa B KakoM-60 VRF
(inbo B mI06AJILHOM TabJUIle MAapIIPyTU3AIMH) YCTPOMCTBO
HAayWHAaeT NPUHUMATH COeVHeHUd II0 IIpoToKoay SNMP Ha Tex
CBOMX MHTepdelicax, KOTOpble BKIKYeHbl B yKasaHHBIA VRF.

/lo6aBUTH KpaTKoe OIIMCaHHWe IPyNIIbl focTyIa. [lepexon B peskuMm
HaCTPOMKHU IapaMeTpoB IPYIIIBI JocTylla. MMs TPYIIIBI JOCTyIIa
(community) oTobpakaeTcd B KOHQUIypallud MaplIpyTH3aToOpa B
mudpoBaHHOM BHze. Eciu rpymm 6osiblile, 4yeM OfiHa, Jo0aBjIeHHe
KpaTKOIo OIIMCaHUA (community label)

aMHUHUCTPATOPY CeTH UAeHTUPUKAIIMIO COmmuUnity.

obJieryaeT

3aslaHue UMeHH T'PYIIIbI OCTYIIa B OTKPBITOM MU ITHGPOBAaHHOM
BUJIE.

VKa3aHHe ajipeca X0cTa JyIsI 06palleHus K community

3amaHue IpaB J0CTyIIa.

* 10— TOJIbKO YTEHHUE;

* rW—4TeHHe U 3aIIUCh.
VKkasaHue Mofiesiv 6e30I1aCHOCTH.
VKasaHUe CIIMCKa 0To6pa’kaeMbIX 00 beKTOB I 3TOr0 community
(OmnoHasbHO) Bo3BpaT B peskuM HacTporku SNMP-cepBepa.
VKasaHHe ajipeca X0CTa, Ha KOTOPBIM OyAyT OTIIpPaBigTbCA SNMP-
yBeJOMJIEHUS U IIepex0/ B peKUM UX HaCTPOUKHU.
3ajlaHre UMeHHU IPYIIIBI JOCTYyIa B OTKPHITOM WU MHUPPOBAHHOM
BUJIE.

(OnoHanbHO) YKasaHue nopTa Ajs prueMa SNMP-yBeomieHUM
Ha y/laJIeHHOM cepBepe (110 yMOJIYaHUI0-162).

[lepexof B pe’KUM KOHQUTYPAIIUU YUeTHOH 3aIlHCH I10JIb30BaTe IS
SNMPv3

BrI60p perkrMa 6e30I1aCHOCTH I10Ib30BaTeJIs.

* auth — TOJIBKO ayTeHTUQUKALIUA;
* priv—ayTeHTUQUKAIIUA U ITUPPOBaHUEe JTaHHBIX.

Bri60op asroputma mudpoBaHUsL.
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Komanpga HasHaueHue

authentication key 3ajaHpue  KIOuYa ~ayTeHTHUQHKAIMd B  OTKPBITOM  HJIH
{encrypted value | value} UG POBAHHOM BHJE.

authentication access {auth BriGop peskuma 6e30macHOCTH ITOJIb30BATEIS.
| priv}

* auth — TOJIBKO ayTeHTUUKAIIUA;
* priv—ayTeHTHUQUKALAI U IIUPpOBaHUe JaHHBIX.

privacy algorithm{aes128 | BrI6Op asropuTMa MUGPOBAHUS [JIS Priv-pekrmMa 06e30I1aCHOCTH
des} I10JIb30BaTeJId.

privacy key {encrypted 3alaHue KIr04a ayTeHTUQUKAIUUY IS Priv-pekrMa 6e30I1acHOCTH
value | value} I10JIb30BaTeJIIB OTKPLITOM WJIH IITUGPOBAHHOM BH/IE.
rights {ro | rw_} 3ajlaHye mIpasB A0CTYyIIA I10JIb30BaTeNs.

® 10 — TOJIBKO UYTEHHE,;
* r'W—4YTeHHE U 3alIHCh.

commit [TprMeHeHHe IIPOM3BeIeHHBIX HACTPOEK.
ITpumep: Hacmpoiika SNMPv2 cepgsepa 6 GRT

snmp server vrf default
community label public
community-name encrypted 8CA10161B8960C
rights rw
exit
host 192.168.13.1
community encrypted 8CA10161B90C
exit
exit

ITpumep: Hacmpolika yuemHoll 3anucu noavzosame.1st SNMPv3

user tester
authentication access auth
authentication algorithm shal
authentication key encrypted CDE65039E5591FA3
rights rw
exit

ITpumep: CozdaHue cnucka omobpadicaemvlx udeHmugpuxkamopos o6exmos

snmp server view entPhysicalContainedIn
oid-tree included
oid 1.3.6.1.2.1.1
exit
oid-tree excluded
oid 1.3.6.1.2.1.1.9
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OBHOBJ/IEHHUE ITPOI'PAMMHOI'O
OBECIIEYEHMUSA

JIlaHHBIM pasfiesl COZEpP)KUT MHCTPYKIIMM II0 OOHOBJIEHHIO IIPOTPaMMHOIO 0b6eclieueHUus
mapupyrusaTopoB JITEKC cepuu ME.

IloarorToBka

/1 TIpoBefileHWsI OOHOBJIEHHSI IIPOTPaAMMHOIO obeclledeHHsI HeOOXOJUMBI CJIefyIoIue
IIPOrPaMMBI:

* I[Iporpamma TepmuHasnoB (TeraTerm, PuTTY, SecureCRT u aHasi0TH);

 IIporpammMa TFTP-cepBepa, ycTaHOBJIEHHAas Ha paboyell CTaHITUU WIH YAaJeHHOM CepBepe.
[Ipu o6HOBIeHMH I10 HelroCpeICTBEHHO C paboyel CTaHIIUU TPeOyeTCs:

ITogKIIOUUTHCA KOHCOJILHBIM KabesieM K ITopTy Console MapIipyTHUsaTopa;
CoepuHuTs Ethernet-mopt pa6oyeir craHiuu ¢ uHTeppeiicoM OOB MapILIpyTH3aTOPa;

BHHYCTI/ITB TePMHUHAJIBHYIO IIPOIPaMMY;

= WMo

Hactpouts ciepnyrolnue ItapaMeTpbl COM-mmopTa pabouyeil CTaHIMU: CKOPOCTH Ilepefaydu
115200 60p, popMaT JaHHBIX 8 6UT, 6e3 mapuTeTa, 1 6GUT CTOIIOBLIM, 6€3 yIIpaBIeHUs II0TOKOM
(115200-8N1);

5. 3anyctuth Ha pabouell craHnuu InporpamMmy TFTP-cepBepa, B IIalIKy-KOpeHb CepBepa
CKOIIMpPOBaTh Qparr o6pasa I10 mapiipyTusaTopa, uMs Buza firmware_2.10.71.xxxR.me5100;

6. BK/IIOUMTH MapIIpyTHU3aTOp, IIPU IIOMOIIY TeEPMUHAJIbLHON IIPOrpaMMBbI JOXKAATHCS 3arpy3KU
U IIpumIamteHus 'login:';

7. ABTOpHU30BaThCSI Ha MapIIpyTH3aTope, WCIOJL3ysd CTaHAAPTHbIe YYETHBIEe [aHHBIE
admin/password;

8. HacTpouTs Ha paboueii craHiiuu IP-afpec, HaripuMep, 192.168.0.1/24;

9. Hactpouts Ha OOB-mmoptry MapupyTusaTopa IP-agpec M3 TOH ’Ke IIOACETH - HAIpHUMep,
192.168.0.10/24:

IIpumep

0/ME5100:EO0S# config
0/ME5100:E0S(config)# interface mgmt @/fmc@/1
0/ME5100:EO0S(config-mgmt)# ipv4 address 192.168.0.10/23
0/ME5100:EO0S(config-mgmt)# commit
Commit successfully completed in 3.246298 sec
0/ME5100:E0S(config-mgmt)# end
0/ME5100:EOS# show running-config interface mgmt @/fmc@/1
interface mgmt 0/fmc@/1

vrf mgmt-intf

ipv4 address 192.168.0.10/23
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exit
0/ME5100:EQSH

IIpy OOCHOBJIEHHMH YyyKe HACTPOEHHOIO MapIIpyTHU3aTopa AaHHbIe IIIard MOXKHO OIIyCTHTB,
OCHOBHBIM TpeGOBaHHEM SBJIAETCA HaJU4YHe CeTeBOM CBSISHOCTH MEXKAy MaplIpyTH3aTOPOM U
TFTP-cepBepoM.

Hepe,z; BEBEIIIOJTHEHH EM ﬂaﬂbHefILHHX IITaroB HY>KHO BBIIIOJIHUTHE KOMaHIY show firmware, CTaTyChlL
06pa30B JOJI>KHBI OBITH aHAJIOTUYHBI ciIeayroumiemMy BEIBOAY:

IIpumep

0/ME5100:EQS# show firmware

Unit Image Running Boot Version Date

@/ME5100 0 Yes * 2.11.0.35R 26-Sep-2022
04:22:16

@/ME5100 1 No 2.11.0.17 08-Aug-2022
04:50:02

0/ME5100:EOS#

3arpyska ¢aiiysia c 06pasoM mporpaMMHOI0
o0ecrneueHUs

Heob6xogumo 3arpysuTh ¢aiyi obpasa IIporpaMMHOro obecriedeHUsI C YyAAJIEHHOTO CepBepa B
aJIbTePHATUBHBIN pas/ies IPOrpaMMHOTO0 06eclieueHUsI MapIIpyTHU3aTopa KOMaH/ 0! copy.

,Z[JIH 3arpysKu IIOAAEP>KHUBAIOTCA pa3/IMYHBIE ITPOTOKOJIBI IT€epeaadyu (nx I1epedeHb [OCTYIIEH B
KOHTEKCTHOM II0ACKa3Ke KOMaH/IbI COPY).

ITpumep daa 3azpysku no TFTP

0/ME5100:EOS# copy tftp://192.168.0.1/firmware_3.0.0.177R.me5100 fs://firmware vrf
mgmt-intf

Downloading image file:
RN RN RN RN RN RN R NN NN

Verifying firmware image compatibility: ! OK

Firmware image MD5 checksum: 2703f324f7ed6dbcf@f1385b37776e44

Preparing partition: !! OK

Extracting firmware image:

RN RN RN RN RN RN R RN RN RN RN NN NN
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Writing firmware image: !! OK
Firmware has been copied and installed successfully
0/ME5100:EOSH

[Ipu BBIIOJTHEHHUU OIlepalliy KOIMHUPOBaHUS BCe OCTaJIbHBIe CeaHCHl PabOThI C
YCTPOMCTBOM OJIOKHPYIOTCS X BO3MO>KHOCTH OTKPBITHSI HOBBIX ITOJKJIIOUEHUMN K
YCTPOMCTBY CTAHOBUTCS BpeMEeHHO HeJJOCTYITHOH (C BBIBOJIOM c0061ieHUs "Netconf
server doesn’t respond”). 3TO IBJIAeTCS HOPMaJIbHBIM II0Be/IeHUEM.

NOTE

Jlasee ciiefiyeT IIPOBEPUTH, UTO 3arpy>KeHHBIN 06pa3 IIoMellleH B aJIbTepHAaTUBHBIN pasiest:

0/ME5100:EQS# show firmware

Unit Image Running Boot Version Date

@/ME5100 0 Yes * 2.11.0.35R 26-Sep-2022
04:22:16

@/ME5100 1 No 3.0.0.177R 23-Nov-2022
00:04:21

0/ME5100:EOS#

BIOOp aIbTEPHATUBHOIO pa3jesia B KauecTBe
3arpy3o4HOro 4 nmepesarpyska

[Ipu momoiu KoMaHAbl firmware select alternate ycTaHOBUTH asbTepHATUBHBINM pasfesal B
KayecTBe 3aTPy304YHOro U yoeqUThCS B pe3yIbTaTe KOMaHZ0M show firmware:

IIpumep

0/ME5100:EQOS# firmware select alternate
0/ME5100:EQS# show firmware

Unit Image Running Boot Version Date

0/ME5100 0 Yes FALLBACK 2.11.0.35R 26-Sep-2022
04:22:16

0/ME5100 1 No NEXT BOOT* 3.0.0.177R 23-Nov-2022
00:04:21

0/ME5100:EOS#

[lepesarpysuTb MapLIpyTU3aTOpP KOMaHZOM reload system, IIOATBepAUB AeHCTBUE Ha)KaTHeM
KJIABUIIIY Y:
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0/ME5100:EOS# reload system
Do you really want to reload system? (y/n): [n] y

3amycK MapHoIpyTH3aTOPbhI U MOATBEP K/ IeHIEe HOBOM
BEpPCHUU

Ilocme ycmemrHoro 3samycka MaplopyTusaTopa Ha HOBOM Bepcuu IIO ciemyer cHOBa
aBTOPU30BaTHC HA HEM C HeOOXOAUMBIMHM YUYEeTHBIMHU JaHHBIMU U IIOJYUYUTH TaKUM 06pasoM
IOCTYII K KOMaH/{HOM CTPOKe YCTPOMCTBA.

[Ipn aBTOpPH3alMK Oy[eT BBIBEJEHO IIpeAylIpeXkparolee CooOIeHue, YTO TeKyiad Bepcus I10
HaxXOQUTCI B peskuMe ogHOKpaTHOro 3amycka ('CONFIRMING') 1 1y UCII0JIb30BaHUS 3TOM BepCUU
111 TIOCJIEAYIOIUX 3aIlyCKOB YCTPOMCTBA HEOOXOAUMO BBIIIOJIHUTE KOMaHAy firmware confirm.

IIpumep

hkkhkhhkhhhhhhkhhrkhhrhhhhhhhhhkkhkhrkhhrkhkhkkhkhrkhkhrkkix

kA System successfully started FkAFK
kkkkhkkkhkkhkkkhkkhkhkkhkkhkhkkhkkhkkhkhkkhkkhkhkkhkkhkhkkhkkkkkkkk

version 3.0.0.177R
EOS login: admin
Password:

kkkkkkhkhkkhkhhhkhkkhkhhkhkhhkhkhhhkhkkhkhhkhkhhkhkhkkhkhkkhkikkki*x

W Welcome to ME5100 R

kkkhkhkkhkhkkhhhhhkhkhhhkhhhkhhhhhkhkhhkhkhhkhkhhkhhkkhkkkk*x

Warning:
Firmware upgrade is in progress (consult 'show firmware' for details).
To finalize upgrade type 'firmware confirm'. Otherwise previous version
will be used next time.

0/ME5100: EOS#

I[Ipy 1IOoMOIIMM KOMaHABLI show firmware IIPOBEPUTH COCTOSIHHME BepCHUM Ha AaKTUBHOM U
aJIbTepHAaTUBHOM paspesiax I10:

0/ME5100:EQS# show firmware

Unit Image Running Boot Version Date

0/ME5100 0 No FALLBACK* 2.11.0.35R 26-Sep-2022
04:22:16

0/ME5100 1 Yes CONFIRMING  3.0.0.177R 23-Nov-2022
00:04:21
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0/ME5100:EOS#

HoBas Bepcus [0/DKHaA HaXoAUThCS B ctaTyce Running/CONFIRMING (B nmpefbIgyiiux Bepcusx 110
cTraTyc o603Havasicad Kak Running/TESTING). B mapiipyTrusaTope IpeyCMOTpeHa CCTeMa OTKaTa
BepCHUH — IIPH Ilepe3arpys3ke yCTPOMCTBA U3 TEKYIer0 COCTOSTHUSA OHO 3arpy3UTCS C IIPeABIAYIIEro
obpasa, Haxomguierocs B craTryce FALLBACK. B ciydae, ecju TeKyljasd Bepcus paboTaer
YA0BJIETBOPUTE/IBLHO, CIeyeT IIOATBEPAUTL ee MCII0JIb30BaHWe KoMaHAoM firmware confirm u
IPOBEPUTH Pe3yJIbTaT KOMaHIou show firmware.

IIpumep

0/ME5100:EQOS# firmware confirm
0/ME5100:EQ0S# show firmware

Unit Image Running Boot Version Date

0/ME5100 0 No 2.11.0.35R 26-Sep-2022
04:22:16

0/ME5100 1 Yes * 3.0.0.177R 23-Nov-2022
00:04:21

0/ME5100:EOS#

[Ipy He06XOAMMOCTH BO3BpaTa K IIpPeAbIAyIeld BepCHUU CIefyeT Ilepe3arpy3suTb MaplIpyTU3aTop
I0 BepIIoHeHHs firmware confirm. O6paTUTe BHHMAaHHe, YTO OOpaTHOe IepeKJYeHHe Ha
IIpeAbIAYINYI0 BEPCUIO B ClIyyae He0O6X0AMMOCTH MOKHO OCYIIleCTBUTh KOMaHoU firmware select
alternate aHaJIOTMYHO OIIMCAHHOMY B HauaJjle MHCTPYKIIMU METOAY, OOHAKO B 9TOM CJIy4ae MOKeT
OBITH yTepsgHa 4YaCThb KOHQUIypaIlMu YCTPOMCTBA HM3-3a Ilepexofila Ha 0ojiee CTapyr BepCHUIO.
CoxXpaHHOCTb KOHQUIypallMX TIIPU TaKOM IIepeKJYeHUHd Bepcud "BHU3"  CiefyeT
IIPOKOHTPOJIUPOBATh OT[eJbHO, BBITPY3UB IIpeJBapUTEeJIbHO TeKCTOBYX0 KOHOQUIYypallUI0 Ha
BHEIITHUY cepBep KOMaH0H Ccopy.

OOHOBJIeHHe 3arpy3uuKkoB X-Loader, U-Boot u
MHUKpoKkonxa FPGA

O6HOBJIEHHE 3aTPY3YUKOB IIPOU3BOIUTCS U3 KOMAaH/THOTO pesKUMa C UCII0/Ib30BaHUeM IIPOTOKOJIa
nepenadu Gpamios, K mpumepy tftp.

Heob6xomumo obGecrieduTh Oecriepe60iiHOe IMHUTaHMe YCTPOMCTBA BO BpeMsd
IMPORTANT 0OHOBJIEHUSI 3arpy3uydKoB. OTKJIIOUEHHEe YCTPOMCTBAa BO BpeMs 3allCH
3arpy34ymKOB MOJKeT IIPUBECTH K ero II0JITHOM HepaboTOCIIOCOOHOCTH.

Jl1s1 06HOBJIEHHs HadaJbHOro 3arpysuuka X-Loader Heo6xomumo Ha tftp-cepBepe pasmecTUTh

¢arin  <VERSION>-me5100-xload.sec.img, T1I0CjIe Yero CKOOUPOBaTH €ro Ha YCTPOMCTBO C
UCII0JIb30BaHUEM KOMaH[EbI Copy.
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IIpumep

0/ME5100:EO0S# copy tftp://192.168.0.1/3.0.0.177R-me5100-x1oad.sec.img fs://x-loader
vrf mgmt-intf

!
X-loader has been copied and updated successfully
0/ME5100:EOSH

Heo06xX0 M0 KOHTPOJIMPOBAThL COOOILEHUsS YCTPOMCTBA IIpU OOHOBJIEHUU
3arpy3uuka X-loader. Ecoiu BMecTo coobineHus "X-loader has been copied
and updated successfully" ycTpoiicTBO oTBeuaeT OIIMOKOM Bupa "Error:
failed to check image header", TO pga1 O0OGHOBJIEHUS CJIeLyeT
BOCIIOJIL30BaTbCd 06pasoM  3arpysuuka 6e3 MopudukaTopa .sec.
(marpuMmep, 2.10.1.5R-me5100-xload.img), aHaJIOTUYHO ITPOKOHTPOJIMPOBAB
Ha/ure CooOIeHus 00 YCIIeIlHOM OOHOBJIEeHHWHU. B ciaydae, eciu
OOHOBJIEHHE 3arpysurdKa Bce-TaKd He IIPOUCXOJUT, He0OX0IUMO
OCTaHOBUTH IIPOIECC OOGHOBJIEHUS U 00pPaTUTHCA B CIY>KOY TeXHUUYECKOU
TIO/IIeP>KKHU IIPOU3BOSUTEIIS

IMPORTANT

Jl1s1 o6HOBJIeHUs 3arpysunka U-Boot Heo6xoxumo Ha tftp cepBepe pasMecTuts ¢aiinn <VERSION>-
me5100-u-boot.sec.img, 110CjIe Yero CKOIIMPOBaTh ero Ha YCTPOMCTBO C HUCII0JIb30BaHUEM KOMaH/IbI

copy.

IIpumep

0/ME5100:EOS# copy tftp://192.168.0.1/3.0.0.177R-me5100-u-boot.sec.img fs://u-boot vrf
mgmt-intf

U-boot has been copied and updated successfully
0/ME5100:EOS#

Joia  obHoBieHUs npommBKA FPGA Heo6xoguMmo Ha tftp cepBepe pasmecTuTh ¢aiia
FPGA_ME5100_v<VERSION>.img (mu6o ME5100_and ME5100_revX FPGA_EP3C5_v7.img), T1IOC]e
Yero CKOMHMPOBATh ero Ha YCTPOMCTBO C UCII0JIb30BaHUEM KOMAaH/IbI Copy.

IIpumep

0/ME5100:EOS# copy tftp://192.168.0.1/ME5100_and_ME5100_revX_FPGA_EP3C5_v7.1img

fs://fpga vrf mgmt-intf
Ll

FPGA has been copied and updated successfully
0/ME5100:EOS#

YI0CTOBEPUTHCS, UTO BepCHH 3arpysyukoB xloader u u-boot coBmajarT (B IPOTUBHOM CiIy4dae
MOTYT BO3HUKHYTBH IIP06JIEMBI C 3aIIyCKOM YCTPOMCTBA):
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IIpumep
0/ME5100:EOS# show system versions
ME5100
Firmware: 3.0.0.177R (23-Nov-2022 00:04:21)
X-Loader version: 3.0.0.177R (23-Nov-2022 06:14:21)

U-boot version: 3.0.0.177R (23-Nov-2022 06:14:14)
FPGA version: 0x07

0/ME5100: EOS#

JI711 BCTYILJIEHUSI U3MEeHEeHHUU B CHJTY He0OXOAUMO I1epe3arpy3uTh YCTPOMCTBO C UCII0JIb30BaHUEM
KOMaH/blI reload system.
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HACTPOHMKA 3AIIIUTHI CONTROL-PLANE

Control-plane (IJT0CKOCTH yIIpaBJIeHUsI) B IPOTPaMMHOM apXUTEKType MapIlIpyTU3aTopa OTBedYaeT
3a paboTy pasJIUYHBIX IIPOTOKOJIOB U 00pabOoTKy ciay>keOHOro Tpadurka. Bce makeTsl IJIOCKOCTH
yrpasyeHus (control-plane) o6pabaThIBaloTCs HEIOCPEACTBEHHO IIeHTPaJbHBIM IIPOIECCOPOM
(CPU) wmapmpyTtusaTopa. HacTpoiika OQMJIBTPOB control-plane II03BOJIIET aJMUHHUCTPATOPy
yCTaHaBJWBaTh IIpaBHya 00pabOTKH BXOMAIUX IIAKETOB [JIA 3aIfUTHl OT CeTeBBIX aTaK U
HEeCaHKIIMOHUPOBAHHOIO OCTYIIA.

B laHHOM I71aBe paccMaTpUBAIOTCSI IPUHITUIIBI HACTPOMKY 3alIUTHI YPOBHS control-plane.

OcCHOBHEIE TPUHITHIIBI

1.

IIo yMos4aHUIO (IpH OTCYTCTBUHU B KOHQUrypanmu 6Ji0Ka 3amuThl control-plane) Bce
BXOJMINME COeNVHEHWs K YCTPOMCTBY paspelneHbl. COOTBETCTBEHHO, IIPU 3aIlyCKe KaKoro-
J1b0 cepBUCa (HallpuMep, telnet-server) K HeMy CMOI'YT IIOJK/JIHYATBHCI BCe XOCTHI, KOTOPHIE
UMeIOT CBI3HOCTD C YCTPOMCTBOM.

KonurypupoBaHue 3saiuThl control-plane gesuTcs Ha JABa JIOTUYECKUX 6JI0Ka — 3alliyTa
CEepBHCOB, KOTOpble paboTaroT B Global Routing Table 60 B cepBucHbIXx VRF ycTpoicTBa
(control-plane inband) m 3amuTa cepBHUCOB, paborarinux Ha Out-of-band uHTepdericax
(control-plane out-of-band).

BHyTpH Kakgoro u3 6JI0KOB in-band/out-of-band xoHQUTypUpyeTCcs Habop IIpaBHJ, KOTOpPbIE
IeMCTBYIOT Ha BXOJIIME CeTeBble COeJUHEHUs K YCTPOMCTBY. [IpaBuiia MOI'YT IIPUMEHSThCSA
KaKk Ko BceM wuHTepdeiicaM paHHoro VRF (xiarou interface all), b0 K OTHEeIbHBIM
yKasaHHBIM. /Iy IIpaBUI QuibTpalud He TpebyeTcs ykasaHue VRF (mpaBuia OyayT
aBTOMaTHU4eCKHU paboraTh B ToM VRF, K KOTOPOMY OTHOCUTCS UHTepderic).

[IpaBuiIa QUILTPAIIUHU IEeMCTBYIOT TOJIBKO Ha Layer3-uHTepdeiichl yCTPOMCTBA U IIPHU 3TOM He
IeMCTBYIOT HAa TPAH3UTHBIN TpadUK MapIIpyTHU3aTOPa.

BakHo! /l11 Ka’K[oro IIpaBHJiIa 3allfUTHI control-plane reilicTBHEM II0 YMOJIYAHUIK SBJISAETCS
"3aIIpeTUTH BCe OCTAJIbHbBIE BXOAIINE COeJUHEeHUT "

HacTpoiika npaBmI 3aIiATHI

Tabauua 22. IlocaedosamenbHOCMb Hacmpotuiku control-plane 015 uHmepdgeitica out-of-band ynpaeieHus.

KomaHnpa HasnaueHue

configure [Tepexof B pesKUM IV106a7IbHOU KOHQUTYpaIlUH.

control-plane out-of-band  [lepexos B pexxum HacTpoiiku QUIBTPOB  control-plane
interface mgmt {num| all}  pmTepdeiica out-of-band yrmpapieHus.
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KomaHnpa

policy { drop | reject }

allow protocol

any

peer

address {ipv4 ipv4address |
ipvb ipv6address }

commit

HasxnaueHue
Bri6op [eliCTBUSL IIPU IIOJyYEeHUM I1aKeTa, IIOAIIAJAIOIEro IIOZ,
3arrpelrarliee IIpaBUJIO:

* reject -orBeTuTh coobimeHrem ICMP Port unreachable (1o

YMOJIUYaHUIO);

* drop - oTOPOCHUTE (PeKOMEeHyeTCs).
VKasaTh IIPOTOKOJI U3 IIepeyHsl XOpPOIlo U3BeCTHBIX (JINOO0 yKasaTh
npotokos TCP/UDP u HoOMep mopra). Bxopdiiue coeIuHeHUS
(makeThl) VyKasaHHBIX IIPOTOKOJIOB OyAyT IIPUHUMATBCA U
o6pabaTrIBaTHCA MapIIPyTU3aTOPOM, OCTaIbHEIE - 0TOPaChIBAThHCS.

* all --BXodIiMe ITakeThl BCeX IIPOTOKOJIOB (II0 YMOJTUYaHHUIO);

* ftp;

* http;

* icmp-echo;

* icmpvb-echo;

* netconf ;

s ntp;

* sntp;

e ssh;

* tcp—TCP c ykasaHueM HOMepa II0PTa;

e telnet;

o tftp;

* udp— UDP c ykazaHHeM HOMepa IopTa.

HpI/IHI/IMaTB IIaKeThI (COE,ILI/IHQHI/IH) OT BCeX source-aapecoB [JId
YKa3aHHOTO IITPOTOKOJIA.

[IepefTH B peXKUM SIBHOTO YKa3aHHUS SOUrce-a[pecoB.

Vkaszate IPv4- jmibo IPv6-ampec, IIaKeTbl OT KOTOPOTO OYIyT
IIPUHUMATbCAI MapIIPyTU3aTOPOM.

[IppMeHeHMe IIPOH3BeJeHHBIX HACTPOEK.

ITpumep. Hacmpolika control-plane 015 unmepdgetica out-of-band ynpas/ieHuUs — paspewums ece
coeduHeHust om adpeca 192.168.17.150.

control-plane out-of-band interface mgmt 0/fmc@/1

allow all
peer

address ipv4 192.168.17.150

exit
exit
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policy drop
exit

Tabauua 23. [locaedosamenbHOCMb Hacmpouku control-plane 015 uHmepgetico8 GRT nubo cep8uUCHbLX

VRF.

Komanpga

configure

control-plane inband
interface {type num| all}

policy { drop | reject }

allow protocol

any

peer

address {ipv4 ipv4address |
ipv6 ipv6address }

commit

HasnaueHue
[Tepexof B pesXuM 171062/ IbHOM KOHQUTYPALIH.

[lepexo, B peXXUM HACTpOMKH GUIBTPOB  control-plane
uHTepencoB.

BbIOOp [eHCTBUA IIpU IIOJIYYeHUM I1aKeTa, IIOAIIaJalollero IIOf,
3arrpelrariiee IIpaBUIoO:

* reject -orBeTuTh coobimeHrem ICMP Port unreachable (1o

YMOJIUYaHUIO);

* drop - oTOPOCUTH (PEKOMEHYETCS)
VKa3aTh IIPOTOKOJI U3 IIepeyHs XOPOIII0 U3BEeCTHHIX (JIMOO yKa3aTh
nporokosl TCP/UDP u HoMep mopra). BxXopdmiue coefuHeHUS
(makeThl) YyKasaHHBIX IIPOTOKOJIOB OyAyT IIPUHUMATHBCI U
obpabaTrIBaThCAd MapIlIPyTU3aTOPOM, OCTaJIbHbBIE - 0TOPaChIBATHCS.

* all - BXOgdIIIMe TaKeThl BCEX IIPOTOKOJIOB (II0 YMOJIYaHUIO);

. ftp;

* http;

e icmp-echo;

* icmpvb-echo;

* netconf;

s ntp;

* sntp;

e ssh;

e tcp—TCP c ykasaHreM HOMepa II0pTa;

e telnet;

o tftp;

* udp— UDP c ykazaHueM HOMepa II0pTa.

[IpyHUMaTh IIaKeThl (COeAMHEHMs) OT BCeX SOource-afpecoB s
yKa3aHHOT'0 IPOTOKOJIA.

HGPEﬁTH B pe’XHUM dABHOTO YKa3daHHA Source-agpecos.

Vkasate IPv4- smb6o IPv6-agpec, makeTBl OT KOTOpPOIo OyAyT
IPUHHUMAaTbCI MapIIPyTH3aTOPOM.

HpI/IMEHeHI/Ie IIPOM3BENEHHBIX HACTPOEK.
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HekoppekTHass HacTpolka control-plane Mo)XeT IIpUBeCTH K IIOTepe
IMPORTANT yAaJIeHHOIO yIIpaBJIeHUs MapLIpyTU3aTOPOM M YaCTUYHOM JIMO0 II0JTHOM
HepaboTOCIIOCOOHOCTH COOTBETCTBYIOIIUX CeTEBBIX CEPBUCOB.

ITpumep. Hacmpolika 3auwiumsl control-plane daa unmepdgeticos inband — o6was Hacmpotika 045 ecex
uHmepgeiticoe (interface all) u omdeavHas Hacmpolika 0.9 uHmepdgetica te 0/0/13.

control-plane inband interface all
allow icmp-echo
any
exit
allow snmp
peer
address ipv4 177.34.156.0
address ipv4 115.64.45.254
address 1ipv4 118.254.32.227
address ipv4 82.1.252.254
address ipv4 97.125.152.0/24
exit
exit
allow ssh
peer
address 1ipv4 115.64.45.254
address ipv4 118.254.32.227
address ipv4 82.1.252.254
address ipv4 97.125.152.0/24
exit
exit
allow telnet
any
exit
exit
control-plane inband interface tengigabitethernet 0/0/13
allow icmp-echo
any
exit
exit
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MHTEP®EHCHI U AJIPECAIIUSA

ITapamMeTphl, HACTpauBaeMble Ha HHTepdeiicax

CuHTaKCHUC KOMaH/IHOM CTPOKH MapIlpyTHU3aTOPOB SIBJIAETCS $YHKITMOHAIbHO-
OpPUEHTHUPOBAaHHBIM. JTO O3HayaeT, UTO HEIIOCPEeACTBEHHO Ha HHTepdelicaXx HaCTpauBaeTCa
TOJIBKO OTPaHUUYEeHHBIN CIIMCOK IlapaMeTpoB, IIPYU 3TOM IIPOTOKOJIbHBIEe HACTPOMKU (HAIIpUMeD,
uHTepdericHbIe HACTPOUKHU IIpoToKosIa OSPF) 3a71atoTcs B OTIeIbHBIX IIPOTOKOJIBHBIX 6/10Kax CLI.

Ha uHTepdeliicax KOHPUTypUpyeTC:

* CTpOKOBOe omrcaHue uHTepderica (111 BceX UHTepelicoB);

* HasHaueHue [P-aspecoB (in60 BkiIrOUeHMe IP unnumbered) u skseMiursipa VRF, K KoTopoMy
OTHOCHUTCS UHTepderTic;

* ITapaMeTpsl paboThl IpoToKoaa ARP (g BceX HHTepdeicoB, KpoMe JIOKAJIbHOM IIeTJIH,
TYHHeJIbHBIX U bvi-uHTepeticoB) U pesxxuma ARP proxy;

 [TapaMeTpbl MaKCUMAaJILHOTO pa3Mepa makeToB — MTU KaHaJIbHOTO YPOBHS U IIPOTOKOJILHEIE
IP MTU (zy11 GU3UYECKUX U arpeTUpPYIOINUX UHTEePPEerCcoB);

* MHTepBas IOACYETA CTAaTUCTUKHU II0 TPaQuKy (g BceX HMHTepdeicoB, KpoMe JIOKaJIbHOU
IIeTJIN U bvi-uHTepdelicoB);

* [TapaMeTpbl 6a30BBIX OrpaHUYUTEsEN MOJIOCHl (11 BCceX UHTepdelcoB, KpoMe JIOKaJIbHOU
[eTJIH, TYHHEeJbHBIX U bvi-uHTepdercoB);

* HasHayeHue TOJMUTUKH Q0S M KJIaCCUQHUKATOPOB BXOAAINEro Tpaduka (a1 Bcex
UHTepdercoB, KpoMe JIOKaJIbHOU IIeT/IH, TYHHEeJIbHBIX U bvi-uHTepecoB);

* AIMUHUCTPATHUBHBIN cTaTyC MHTepdeiica (shutdown);
* PesxuMbl pab0Thl MHTeP(eCcOB — CKOPOCTD U AYILIEKC (11 QU3MYeCKUX UHTepdeiicoB);

 [TapameTpsl MicroBFD (TOJIBKO [IJIs1 aTpeTUPYIOIIUX UHTEPPENCOB).

Pe>KMM MapIIpyTH3aluH U Pe>KUM KOMMYTaIluA

HNHTepderic MaplIpyTH3aTOpa MOXKET HaXOAUTLCI B OLHOM H3 [BYX PEXHUMOB —B peXUMe
Mapiipytusanui (layer3 forwarding) mu6o kommyTtaruu (layer2 forwarding).

Pe>kuM MapIipyTH3alliyd O3HaudaeT, UTO Ha HHTepderice ckoHPurypupoBaH IPv4/IPv6-ampec u
CKBO3Has kKomMmyTarusa Ethernet-kaspoB uepe3 Hero HeBO3MOJKHa.

Pe)XuM KOMMYTaIlUXd O3Ha4daeT, UTO Ha UHTepdelice He BKIOUeHa [P-MapuipyTusanusa U depes
Hero MOJKeT OCYILeCTBJIATHCA CKBO3Hast kKoMMyTarud Ethernet-kazgpos.

MHpopMaIys o pesKuMe COIeP>KUTCS B BEIBOJIe KOMaHABI show interfaces:

ITpumep: unmepdetic 8 pexcume layer3 forwarding

@/ME5100:Router# show interfaces tengigabitethernet 0/0/1.500
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Tue Jan 30 21:24:35 2018
tengigabitethernet 0/0/1.500 is up
Interface index is 62
Hardware is tengigabitethernet, address is a8:f9:4b:8b:bc:21
Encapsulation 802.1Q, VLAN tag 500
Description is not set
IPv4 address is 200.1.1.151/24
No IPv6 address assigned
Interface is bound to VRF default
Interface is in layer3 forwarding mode
ARP aging time is 240 minutes
Interface MTU is 1518
Interface IP MTU is 1500
300 seconds input rate is @ bit/s
300 seconds output rate is @ bit/s
300 seconds input rate is @ pps
300 seconds output rate is @ pps
9793 packets input, 666441 bytes received
893 packets output, 63423 bytes sent

[Io yMoM4YaHUI UWHTepperchl YCTPOMCTBA HAXOAATCI B pekKuMme
KOMMYyTalluy. PesKuM MapLIpyTHU3alliy BKJIKYAeTCd aBTOMaTUUYeCKU IIpU
HasHaueHUU IPv4/IPv6-aapeca Ha uHTepdetice. [logpobHee 0 MPUMeHEHUHN

IMPORTANT pe’xrMa KoMMyTaliuu cM. paszgedt "L2VPN u cepBucel Ethernet". UHTepdertic
B pexxuMe layer2 forwarding He oCyIleCTB/IIeT HHUKAKON IIePeCBLIKHU
IIaKeTOB 10 TeX IIOp, II0Ka He Oy/eT BK/IIOUEH B OPUK-IOMeH WU KpocCc-
KOHHEKT.

Hactpoika IP-agpecanuu, BKiIrouyenue IP
unnumbered, napaMmeTpoB ARP 1 onmrcaHusa
UHTepderca

[ Mapuipytusanuu IP-tpaguka depe3 mHTepdeiic TpebyeTcs HasHauuTh Ha HeM [Pv4/IPv6
azipec 1 HasHauuTh g uHTepderica VRF. Eciiu VRF Ha uHTepdelice He CKOHQUIYPUPOBAH, TO
uHTepderic OTHOCHUTCI K II0O6AJIbHOM TabJivile MaplipyTusaluu yctporicTtBa (Global Routing
Table, GRT).

VRF (Virtual Routing and Forwarding instance) mpejcrasJsieT CO00M BUPTYaJbHBIU IK3eMILIIP
MapIIpyTHU3aliiy, UIH IIPOCTON BUPTyaJIbHbIN MaplupyTusaTop. Kaxxasiii VRF uMmeeT 0TAeIbHBIN
He3aBUCHUMBIN CIIMCOK MHTepdelicoB, TabIUIly MaplipyTusariuu U ARP-ta6suity. Tpaduk mexay
uHTepdericaMu pasHbIX VRF IIOJTHOCTBIO H30JIMPOBAH JAPYyr OT JApyra W MaplIpyTHU3HUPYeTCS
He3aBUCUMO.

B ciydae, ecoiu paspesieHre 110 VRF ucriosb3yeTcd B IIpefiesiaX OZHOTO MaplIpyTHU3aTopa, MeTO[
umMmeeT HasBaHUe VRF lite. Opranusamus ogHoro VRF Ha HeCKOJIbKHUX CBA3aHHBIX YCTPOMCTBAX,
KakK IIpaBWiIO, oO603HauaeTcd Kak TexHosorua L3VPN (Layer3 Virtual Private Network).
Hcniosib3oBaHue VRF Lite u L3VPN omricaHo B paspesie "L3VPN" nanHOro PykoBocTBa.
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JlokaJIbHO Ha UHTepdericax TakKe MOKHO HasHAauUUTh napaMeTp ARP timeout. /laHHBIN TapaMeTp
3ajjaeT MaKCHMaJIbHOe BpeMs >KU3HU ARP-3amuceli Ha yKasaHHOM WHTepdeiice. B TeueHue
BpeMeHU >KU3HU 3allucell MaplIpyTHU3aTOp IEePUOJUUYECKHU IIPOU3BOLUT UX OOHOBJIEHHE IIYyTEM
pacceiku ARP-3ampocoB. B ciiydae, ecyiy ymajJeHHBIM XOCT He oTBeuaeT Ha ARP sampocel B
TeyeHUe YKa3aHHOI0 TaliMayTa, 3allUCh YAaIseTCs U3 TabJIUIIbL.

Tabauua 24. IlocaedosamenabHocmb Hacmpouku IP-adpecayuu u VRF Ha uHmepdgetice

KomaHma HasHaueHue

configure ITepexo/ B pesKUM IV106aIbHOM KOHQUTYpaIUU.

interface type num [Tepexo B pe>KMM HaCTPOUKU HHTepdetica.

vrf vrf_ name HasHaueHue Ha uHTepderice sk3eMmiursapa VRE.

ipv4 address ipv4address/prefix HasHaueHue Ha uHTepdetice IPv4-anpeca B popmarte CIDR

(agpec/mmHa 1pedukca).

arp aging-time minutes 3amaHue BpeMeHU KU3HU ARP-3amvceit Ha uHTepderice.
[TapaMeTp sIBJIgeTCS ONIIMOHAJIbHBIM U JILO0 HacIeLyeTCs
0T I7106a/IbHOM HaCTPOMKU arp aging-time, 1160
yCTaHaBJIMBAeTCsl paBHBIM 3HAUEHUIO 110 YMOJTYaHUI0 — 240

MUHYT.
ipvb address ipv6address/prefix HasHauyeHue Ha uHTepdeiice IPv6-agpeca.
description descr HasHayeHHe Ha MHTepdelice UMeHU-0IIMCcaHus. OIIUcaHue

cilenyeT 3aK/JII0YaThb B KaBBIYKHU B ClIydae, eC/Id CTPOKa
COOEPFKUT CUMBOJIbL npo6eJIa.

commit [IppMeHeHMte IPOU3BeJeHHbIX HACTPOEK.
ITpumep: HasHa4YeHUe adpeca, ONUCAHUSA U Ik3emnaapa VRF

0/ME5100:Router# configure

0/ME5100:Router (config)# interface tengigabitethernet 0/0/2
0/ME5100:Router(config-tengigabitethernet)# vrf example_vrf
0/ME5100:Router(config-tengigabitethernet)# ipv4 address 10.0.0.1/24
0/ME5100:Router (config-tengigabitethernet)# ipv6 address 2000::1/64
0/ME5100:Router(config-tengigabitethernet)# arp aging-time 10
0/ME5100:Router (config-tengigabitethernet)# description "Example interface"
0/ME5100:Router(config-tengigabitethernet)# commit

ITpumep: 3a0aHue 2/106a1bHOI KOHPuUYypauuu ARP-matimayma:

0/ME5100:Router# configure
0/ME5100:Router (config)# arp aging-time 10
0/ME5100:Router(config)# commit

Hactporka IP unnumbered

JlaHHBIM QYHKIIMOHAJ TI03BOJIIET BKJIKOUYUTH PEKHUM MAapIIPyTH3allUU Ha HHTepderice 6e3
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HasHaueHUud eMy IPv4/IPv6-azjpeca, myTeM 3auMcTBOBaHUd IPv4/IPv6-anipeca, y>Ke HaCTPOEHHOTO
Ha OJHOM U3 uHTepdeiicoB MaplipyThsaTopa. Heo6XoAMMO IIOMHUTBH, 4yTO unnumbered-
uHTepdelic 3aMMCTBYET CBOM ajpec y 3alyllleHHOro M paborarlnero uHTepderica, I103TOMY
PeKOMeHIyeTcs yKasbIBaTh B KauecTBe UCTOUYHUKA [Pv4/IPv6-anpeca Loopback-uHTepderic.

Tabauua 25. IlocaedosamebHOCMb Hacmpotiku IP unnumbered Ha uHmepdgetice

Komanpa HasHnaueHue

configure Tlepexof] B pesKHM II06aIbHOM KOHGHUIYPaITHHL.
interface type num [Tepexof B pe>XUM HaCTPOMKU MHTepodeiica.

vrf vrf_name HasHaueHue Ha uHTepderice sk3eMmiurapa VRE.

ip unnumbered type _num Bxurrouenue IP unnumbered Ha nHTepdetice U 3alaHUe

nHTepderica-ucTouHUKa IPv4/IPv6-agpeca.

arp aging-time minutes 3amaHue BpeMeHHU KU3HU ARP-3anuceld Ha HUHTepderice.
[TapaMeTp sIBJISeTCS ONIIMOHAJIbHBIM U JILOO0 HaCIeyeTCs
0T IJI060aJIbHOM HaCTPOMKU arp aging-time, 1160
yCTaHABJINUBAETCSA PaBHBIM 3HAYEHUIO I10 YMOJIYaHUI0 — 240

MUHYT.
arp proxy BrurroueHue proxy ARP.
description descr HasHaueHue Ha uHTepdelice UMeHU-OIIMcaHus. OIrcaHue

cjenyeT 3aK/JII04YaTh B KaBBIYKH B ClIydae, eC/IFd CTPOKa
COMEP7KUT CUMBOJIBI HpO6€JIa.

commit HpI/IMeHeHI/Ie IIPOM3BENEHHBIX HACTPOEK.

[Tocsie0BaTeILHOCTD HACTPOMKHU QyHKITMOHAIa [P unnumbered

1. Cospmathb Loopback-untepderiic, HasHauuTh Ha HeM [Pv4/IPv6 aapec.
2. Cospathb cabuHTepderic.

3. BrurounTh Ha cabuHTepderice ip unnumbered 1 yKasaTb HHTepdelic, IP-agpec KoTOporo 6yzaeT
HCII0JI30BaThCS B KauecTBe Source B IP-rmakeTax (JIyd4llle UCII0Ib30BaTh Loopback)

4. TlpontcaTh CTaTHYeCKHUHM MapIIpyT [0 KJIHEHTCKOTO0 XOCTa, yKa3aB B KaudecTBe IILII03a
CO3/laHHBIN cabuHTEpPPETIC.

5. Ecld Hy)XKHa CBSI3HOCTBb MeKAy K/JIMEHCKMMM XOCTaMM, TO Ha cabuHTepdeicax HYKHO
BKJIIOUUTE pesXUM proxy ARP.
IIpumep:

B VRF "client" Hy>XHO BbIIeUTH [P-azpeca TpeM KimeHTaM. [IepBbIM KJIIMEHT JOCTYIIEH uepes3
uHrtepderic te 0/0/1.101, BTopoii-uepes te 0/0/1.102, Tpetuii-uepes te 0/0/1.103. MeXay mepBBIM U
TPeTHUM XOCTOM [I0JDKHA OBITH CB3SHOCTD.

Cozdaem Loopback-unmepdgeiic, HasHauaem Ha Hem IPv4 adpec u3 cemu, 8bl0e/1eHHOU 0151 KAUEMCKUX
nookroueHull, HasHavuaem VRF.

0/ME5100:Router# configure
0/ME5100:Router(config)# interface loopback 100
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0/ME5100:Router (config-loopback)# description "office"

0/ME5100:

Router(config-loopback)# vrf client

0/ME5100:Router(config-loopback)# ipv4 address 100.1.1.1/24

0/ME5100:

Cozdaem cabunmepdgeticvl 8 mom dce VRF, umo u Loopback, Ha nepgom u mpemvem 8K/A0UAeM ProxXy

ARP.

0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:

0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:

0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:
0/ME5100:

Router(config-loopback)# exit

Router(config)#

Router(config)# interface te 0/0/1.101
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#

Router(config)#

Router(config)# interface te 0/0/1.102
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#

Router(config)#

Router(config)# interface te 0/0/1.103
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#
Router(config-tengigabitethernet-sub)#

IIponucsleaem cmamudecKue Mapuipymel

0/ME5100:

Router(config)#

description "office-1"
encapsulation outer-vid 101
ip unnumbered loopback 100
arp proxy

exit

description "office-2"
encapsulation outer-vid 102
ip unnumbered loopback 100
exit

description "office-1"
encapsulation outer-vid 103
ip unnumbered loopback 100
arp proxy

exit

0/ME5100:Router(config)# router static vrf client
0/ME5100:Router (config-vrf)# address-family ipv4 unicast

0/ME5100:Router(config-unicast)# destination 100.1.1.101/32 0.0.0.0 interface te

0/0/1.101

0/ME5100:Router (config-tengigabitethernet-sub)# exit

0/ME5100:Router(config-unicast)# destination 100.1.1.102/32 0.0.0.0 interface te

0/0/1.102

0/ME5100:Router (config-tengigabitethernet-sub)# exit

0/ME5100:Router(config-unicast)# destination 100.1.1.103/32 0.0.0.0 interface te

0/0/1.103

0/ME5100:Router(config-tengigabitethernet-sub)# exit

0/ME5100:

Router(config)# commit



Hacrtpoyka MTU, pe>xxumoB ¢pusnueckoro uHrepgemca
U UHTepBaJia IoJcyeTa CTaTUCTHUKU

MTU (Maximum Transmission Unit) —MaKCUMaJIbLHBIN pasMep IepeflaBaeMbIX yepes UHTeperc
naketoB. Pasmep MTU orHocutca K miauHe Ethernet-¢perimMa (Kajgpa KaHaJIbHOTO YPOBHS) C
yueToM VLAN-TeroB. Hampumep, masa IP-takera pasmepoM B 1500 6aiiT kaHainbHbIE MTU
cocraBJiigeT 1522 6aiiTa C y4eTOM BO3MO>KHOI'O IBOMHOIO TeTUPOBAHUA.

VcraHoByieHHOe 3HaueHue MTU BiusgeT Ha Irepemady BCeX Ethernet-Ka,quB, He3aBHCHMO OT HX
IIPOTOKOJIBHOTO COZIEP?KUMOT0.

I[P MTU-—MakcuMaJbHBIM pasMep IiepefaBaeMbIX uYepe3 wuHTepdeiic IPv4/IPv6-mtakeToB.
3nauenue IP MTU mpuMeHsieTcsa IIpA paboTe HMHTepdelica B pesXxuMe MaplipyTusanuu (layer3
forwarding) [y TpaH3UTHOrO TpaduKa, a TarkkKe [JId IIaKeTOB, OTIIPAaBJI€MBIX CaMHM
MapIIPyTU3aTOPOM C JaHHOTO MHTepdetica — HalIpUMep, CUTHAJIbHBIM COOOIIeHHUAM IIPOTOKOJIOB
MapIIpyTHU3alliu.

[Io ymosmyaHHI0 Ha HHTepdercax MapIlIpyTu3aTopa ucooabdyercs MTU 1522

NOTE . .
oatita 1 IP MTU — 1500 Oa¥T.

3HaueHus MTU wu IP MTU 3afarwTcd I[eJUKOM 111 (QHU3UUECKOIo

uHTepderica (60 arperupyroiiero uHrepderica) ¥ HacJeAyIOTCI BCEMU

ero cabuHtepdericamu. 3agaHve 3HadeHuit MTU u IP MTU otgesbHO Ha
IMPORTANT cabuHTepdericax He IIOep>KUBAETCA allllapaTHOMN IIaTGOPMOH.

[Ipy KOHQUIypUpPOBaHMM arperupymoinero uHTepderica (bundle-ether)

caenyeT 3ajaBaThb 3HadyeHWss MTU Ha HeM, 3TH 3HaueHUs OynyT

YHacJIe[JOBaHbl COCTABJIAIIIUMU ero QU3NUeCKUMU HHTeppercaMu.

K pexxumaM pusmyeckoro nHTepderica OTHOCUTCSA CKOPOCTh (speed) u ayrmurekc (duplex). Crivicok
MO/ilep>KUBaeMbIX PEKUMOB OIpefiessieTcsl BO3MOYKHOCTSIMHM YCTaHOBJIEHHOTO B HHTepQeuc
TpaHCHUBepa.

NOTE [Io yMos4aHUI0 HHTepPQeNchl YCTPOMCTBA HAXOAATCS B peKHMe IIOJIHOTO
aBTocoIsIacoBaHud (speed auto, duplex auto).

HHTepBas mofcyeTa CTaTUCTUKU OIIpefiesIsieT BpeMs, 3a KOTOpoe Oy/leT YCpeAHATHCS CTaTUCTUKA

IepelaHHbIX/0OTIIPAaBJIEHHBIX TaKeTOB U OAUT IIPU BBIYUCIEHUU 3HAUEHHUU TeKyIled 3arpy3Ku

HHTepderica.

[Io yMosyaHUIO HHTepBaJl IIOJACYEeTa CTAaTUCTUKH cocTasydeT 300 cexkyHp (5
NOTE MUHYT). VYMeHBbIlIeHHMe 3TOI0 MHTepBaja IIO3BOJIAET YBEJUYUTb TOYHOCTh
oIlpefiesieHUs] "MOMEHTaJIbHON " 3arpy3Ku UHTepderica.
Tabauua 26. IlocnegoBaTeILHOCTh HacTpoiiku MTU, peckuma uHTepdeiica 1 HHTepBaJia Mo/ cueTa
CTaTHCTHUKH
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Komanpga HasHaueHue

configure [Tepexof B pesXUM IVI00aJIbHOM KOHQUIYPAIIHHU.

interface type num [Tepexon B pe’KUM HaCTPOUKU UHTepderica.

mtu [2_mtu_bytes VYeraHoBKa KaHajabHoro MTU B 6afTax.

ip mtu ip_mtu_bytes YcranoBka IP MTU B 6auTax.

speed { 10 | 100 | 16 | 106 | 3ajiaHIe CKOPOCTH PHU3UUECKOro HHTepderica.

auto}

duplex { half | full | auto } 3ajaHue AyIuleKca QU3MIecKoro HHTepderica.

load-interval seconds YcTaHOBKa MHTepBasla IIoj[cueTa 3arpysKu nHTepdelica B
CeKyH/ax.

commit ITprMeHeHHe IIPOKM3BeAeHHBIX HACTPOEK.

ITpumep: Hacmpotika MTU, pexcuma unmepdgetica u uHmepeana noocuema Cramucmuxu:

0/ME5100:Router# configure

0/ME5100:Router(config)# interface tengigabitethernet 0/0/2
0/ME5100:Router (config-tengigabitethernet)# mtu 9122
0/ME5100:Router(config-tengigabitethernet)# ip mtu 9100
0/ME5100:Router (config-tengigabitethernet)# speed 1G
0/ME5100:Router (config-tengigabitethernet)# duplex full
0/ME5100:Router(config-tengigabitethernet)# load-interval 30
0/ME5100:Router (config-tengigabitethernet)# commit

HacTpoiika 6a30BBIX OrpaHUYHNTE/IeH I10I0CHI
IIPOIIyCKaHUA HHTepdenca

/1711 orpaHUUYeHUs II0JIOCHI IIPOITyCKaHUs HHTepderica Iid BXOZAINEro TpaduKa HCIIOIb3YeTCs
KoMaHja rate-limit input, aaa wucxomgiero Tpadpuka—shape output. 3HaueHHe II0JIOCHI
IIPOITYCKAaHUA 3a/1aeTCd B KMJIOOUTaX B CEKYHY.

IIpu 3ajaHUU II0JIOCHI HAa QU3NYECKOM WU arperupyroleM HHTepdeiice JaHHOe OrpaHUYEHHe
IefCTByeT Ha BeCh TpapUK MHTepderica, BKIUYasd ero cabuHTepPEUCHL.

Tabauua 27. IlocnegoBaTeIHOCTh HACTPOMKH 0a30BBIX OTPAHUYUTEJIEH II0I0CHI

KomaHnpga HasHaueHue
configure [Tepexof B pesKUM IV106aIbHOM KOHQUTYpaIluH.
interface type num [Tepexof B pe’KUM HacCTPOMKHU UHTepderica.

rate-limit input input_rate_kbps YcTaHOBKa OTpaHUYEeHU I10JI0CHI 111 BXOAIIEro Tpaduka,
B KMJIOOUTAaX B CEKYH]TY.

shape output output_rate_kbps VcTaHOBKa OrpaHUYEeHUS II0JIOCHI [IJIT UCXO/ISAITET0
TpadurKa, B KWIOOHUTaX B CEKYHAY.

commit ITprMeHeHHe IIPOM3BeAeHHBIX HACTPOEK.
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ITpumep: HacMpolKa o2paHuuumetell N010CbL 0151 8X00AULe20 U UCX00AWe20 mpapura:

0/ME5100:Router# configure

0/ME5100:Router(config)# interface tengigabitethernet 0/0/2
0/ME5100:Router(config-tengigabitethernet)# shape output 30000
0/ME5100:Router (config-tengigabitethernet)# rate-limit input 30000
0/ME5100:Router(config-tengigabitethernet)# commit

HasHaueHue QOS-IIOJIMTHK M KJIaCCUPHUKATOPOB
TpadpHuKa Ha HHTepderice

Jly11 paboThI CUCTEMBI 0bOeclteueHMs KadyecTBa obcaykuBaHus (QoS, Quality of Service) TpebyeTcs
HasHayeHHe KraccuPUKaToOpoB Tpaduka Ha uHTepodeiice. [JJaHHbIe KJIaCCUPUKATOPHI II03BOJISIOT
OIIpe/le/IUTh IIPHUHA/JIE)KHOCTE BCETO BXOJLIIET0 B MHTepeiic TpapuKa K CKOHQUIYPHUPOBaHHBIM
Ha yCTPOMCTBe KyaccaM. HasHaueHHas Ha BXOjle KiaccuUKalusg OyZeT HCII0JIb30BaThCSA IIPU
06paboTke QOS-TIOJIMTHKAaMU Ha BbIXO/le U3 UHTepdercoB MapIIpyTH3aTopa.

TakuMm o6pasoM, i1 06pabOTKKA TpaduKa COIVIACHO IIOJMUTHK QO0S TpebyeTcd HasHadeHUe
KJIacCuPUKATOPOB Ha BXO/le B UHTepdelChl (tc-map) U HasHaueHMe II0JIUTUK QoS Ha BBIXOZe U3
uHTepdericoB (service-policy).

Tabauya 28. IlocaegoBaTeILHOCTh Ha3HAUEHHS KJIacCHPUKAaTOPOB Tpadpuka U MOJIUTHK Q0S8

Komanpga HasHaueHue

configure ITepexof B pe>KUM IVI00aJIbHOM KOHQUI'YPaIIHHU.
interface type num [Tepexon B pe’KUM HaCTPOUKU UHTepdertica.

tc-map input tcmap_index YcTaHoBKa K1accuGUKaTOpa BXOIAIET0 B MHTEPdec

Tpaduka. tcmap_index — HOMep IIpeIBapUTEIHLHO
CKOHQUI'YPUPOBAaHHOTO KJIacCcChupUKaTopa.

service-policy output YcTaHOBKA MOJIUTUKHU QOS 1T UCXOMAIET0 U3 UHTepdeiica
servicepolicy_name Tpaduka. servicepolicy_name — UM IIpeIBApPUTEIHLHO
CKOHQUIYPUPOBAHHOM IIOJUTHUKH QOS.

commit ITprMeHeHMe IIPOKM3BeeHHBIX HACTPOEK.
ITpumep: HasHaveHUe KaaccuPukamopa mpagduxa u noaumuku QoS:

0/ME5100:Router# configure

0/ME5100:Router(config)# interface tengigabitethernet 0/0/2.300
0/ME5100:Router (config-tengigabitethernet)# tc-map input 3
0/ME5100:Router(config-tengigabitethernet)# service-policy output VPN_30Mbit
0/ME5100:Router(config-tengigabitethernet)# commit

Bostee moipo6HO omumcaHue paboThl MOACHUCTEMBI QOS CM. B COOTBETCTBYHOILEM IJIaBe JTAHHOIO
PykoBo/cTBa.
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Hcnosib30BaHMe arperupyrouiux vHrepdemncos

Arperupyroinue uHTepderchl (Ipynnbl arperarjii KaHajoB, Wik uHTepdelichl bundle-ether)
IIpeJCTaB/IAT COO0M JIOTUYeCKHe UHTep(erchl, KaKAbIi U3 KOTOPBIX COCTOUT U3 HECKOJIbKUX
¢usnueckux. Ilosioca IpomycKaHUsS arperupyroiero uHTepderica paBHa CyMMe IIPOITYCKHBIX
CIIOCOOHOCTEeM COCTABJIAIIIUX ero GU3NUeCKUX IIOPTOB C yU4eTOM O0a/IaHCUPOBKHU I10 ITUM IIOPTaM.

[IpH HCII0JIb30BAaHUU arperupyroIux HHTepdercoB caeyeT yaeasaTb 0c060e BHUMaHHUE BOIIPOCY
6asaHCUPOBKU TpaduKa M KOHTPOJIA 3arpy3KH COCTaB/SIIOIINX HUHTepdercoB — TOIBKO IIPHU
IOCTaTOYHO PAaBHOMEPHOM GaJlaHCHPOBKe TpadHKa IO COCTAaBHBIM ITOPTAM MOYKHO ITOJIYYUTH
MaKCHMAaJIbHO BO3MOYKHYIO ITPOITYCKHY0 CIIOCOGHOCTL. BOSHHKHOBEHHE JKe TIePerpy3KH Ha OJJHOM
WIN HECKOJIbKUX UHTepdercax-yuaCTHUKAX arperupyioIero CoeJUHeHUs IIPUBEJET K IOTEPSIM
Tpaduka, X0Ts 06IIas 3arpyska arperupyrolero uHrepdeiica Mo)KeT IIPpH 3TOM He JOCTHUTaThb
MaKCHMyMa.

Ipynmbl arperaiid Takoke MOYKHO IIPUMEHSITH C IIeJIbI0 OpraHH3aIfiM pe3epBHPOBAHUS
KaHaJIOB — IIPU OTKa3e OJHOT0 M3 MHTeppeMCcOB-yUaCTHUKOB (HaIllpuMep, GU3UYECKOM OOPHIBE
coeHeHMs) TpapUK aBTOMATUUYECKU IepepacIipe/iesisieTcss Ha OCTaBIIIHecs aKTUBHEIE TTOPTHL

A1d co3jaHUA arperupyroIux HHTepdeiricoB MOXKHO IIPUMEHATH [Ba II0/X0/a — CO3JaHue
CTaTHUYeCKHUX arperarui U060 arperaruii ¢ ucrnojab3oBaHueM Iporokosa LACP (Link Aggregation
Control Protocol).

[Ipu opraHusanu MHTepercoB ¢ HcIoJb3oBaHueM LACP paboTOCIIOCOOHOCTh COCTaBJIAIOLIMX
COeMHEeHUN KOHTPOJIMPYETCs CUTHAJLHBIMU CPefCTBAMHU JAHHOIO IIPOTOKOJIA. Arperupyrolue
UHTepdercel ¢ IpoToKoJI0M LACP pexoMeHyeTCd IIPUMEHITh B O0JIBIIUHCTBE C/Iy4aeB, TaK KakK
IIPOTOKOJIbHBIE MeXaHU3Mbl KOHTPOJISA I1eJIOCTHOCTH COeJHMHEHUs IapaHTUPYIOT oOHapy KeHHe
OOpBIBOB Jake B TeX CJyd4asdx, Korga ¢uUsuuecKHe HHTepGeMChHl IIPOJO0J/DKAIT OCTaBaThCAd B
aKTHBHOM COCTOSHHUH.

Harmpumep, IIpy OpraHU3aliuu CTHIKAa MEXKIY ABYMs MaplIpyTH3aTOPaMU TPaHCIIOPTOM MeEXKIY
HUMHM MOKeT CJIYKUThb KaKas-JIM00 IIepBUYHAas CeTh, KOTOpPasl He OTKIHYUT KOHeYHbIe IIOPTHI
TpakTa IIpU ero o6pbIBe. be3 wucmosb3oBaHUsA curHaausanuu LACP B [JaHHOM ciy4dae
MaplIpyTHU3aTOPHI IIPOLOJDKAT OTChLIATh YacTh TpapuKa B HEUCIIPABHBIN JIMHK, YTO IIPUBEJET K
IoTepe 3TOro Tpaduka.

CTaTU4ecKye IPyIbl arperarfii peKOMeH/yeTcs IIPUMEHSITh TOJIbKO IPU HeoOXOAMMOCTH U B
CIy4dasiX, ecjd COefuHsIeMble YCTPOMCTBA COeJUWHEHHl "CIMHA K CIHHE", TO eCTb IIPIMBIMH
Ethernet-coefuHeHUIMU 6€3 y4acTHs KaKOT0-JIN00 JOIIOJHUTEJIHLHOTO TpaHcropTa. OfHaKo Jake
B TaKOM CJIly4yae BO3MO’KHA CHUTyallys, KOIZla HEHCIIPaBHOCTb JIMHUM 3aTPOHET TOJIbKO OJHO
HallpaBJIeHHe Iepefauyll TpaduKa, U TOI[a OJJHO U3 YCTPOMCTB He CMOKET 0OHAPY>KUTh O0TKa3 U
MPOAOJDKUT OTChIATH TpaQUK B HEPAOOTOCIIOCOOHBIN HHTEePETIC.

[Ipy oO0begVHEHUU YCTPOMCTB arperupyrolivuMy HHTepdericaMu cjefyeT HCII0JIb30BaTh
O/IMHAKOBBIN pesXuUM paboTsl (ctaTuuecKui 160 LACP) ¢ 06erX CTOPOH COeIUHEeHUS.

JII51 KadK[0TO arperupyroiero uHrepdeiica Mo>KHO BbIOpaTh MeTO[, OaJIaHCUPOBKHU TpaduKa II0
cocTaBsgOIUM mopTaM — "hash" miu "round-robin". MeToz 6asancupoBku "hash" o3HadaeT, 4To
Ka)K[IbIH OTIIpaBJSIEMBIM IIaKeT OyZeT OTIIPaBJATHCS B OJWH M3 COCTABJIOIUX JUHKOB Ha
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OCHOBaHUU X3IMI-QYHKITUU OT 3ar0JI0BKOB 3TOTr0 I1aKeTa. /laHHBIM MeTOJ II03BOJIIET HAIPABUTH
BCe IIAKeTHhl KaKJOI'0 OTAeJbHO B3SITOTO ITOTOKA TpaduKa (Hampumep, Tpapuka MeXAy ABYMS
OIIpe/le/IeHHBIM y3JIaMH1) B OJJUH U TOT ’Ke UHTepelic-yyacTHUK arperariuy. Metozn "round-robin”
OTIpaBisAeT KaKAbIN II0C/TIeYIOIUN ITaKeT B CAeAYIOIINUI 110 OUepeIH COCTaBJISIOIINMI JIUHK (T.H.
IoIlaKkeTHas baJlaHCUPOBKA), HEB3UPasi HA eT0 IIPHUHA/JIEXKHOCTh K KAKOMY-JIH00 ITOTOKY.

Metozm ‘"round-robin" I103BOJIIET MaKCHUMaJbHO PpPaBHOMEPHO paclpefieJiuTh TpaQuK II0
y4aCTHUKaM arperdupyroIiero JMHKA, OJHAKO, ero II000YHBIM 3QPeKTOM MOXKeT SIBIATHCI
IepeynopsafoynuBaHye IIaKeTOB BHYTPU IIOTOKOB TpapuKa—B CJydae, €CJIH COCTaBJIAIOIIME
COeIMHEHUsI BHOCIT pasHyH 3a/lepKKy. B OOJIBIIMHCTBe NPpUMEHEeHUN peKOMeH[yeTCs
HUCII0JIb30BaTh MeTo[ 6ataHCUpoBKU "hash", IipegBapUTeIbHO CKOHQUIYPUPOBAB Ha YCTPOMCTBE
MeTOJi, yyeTa IIOJIel i1 BBIUMCJIEHUSA XIII-QyHKIUU (kKoMaHza load-balancing hash-fields
[JI06a/ILHOI0 pesKruMa KOHQUIYpaIlun).

Taxum o6pas3om, Ha MapuipyTu3aTopax ME MO>XXHO HCIIOJIB30BaTh CJIeyIOIHe BO3MOXKHOCTH
HaCTPOMKM arperanuy KaHaJIOB:
1. Co3gaBaTh arperupoBaHHbIe MHTEPENCH], BKIOYasad B HUX QU3HUYeCKUe II0PTHI;

2. YcraHaBIMBaTh MeTO[ pabOTBl arperupyrolero uHrepdeiica —CcTaTUYeCKHH JHO0 C
ucnosgb3oBaHueMm LACP;

3. Beibupath pesxuM paboTsl LACP — "slow" miu "fast";

4. 3amaBaTh peXuUM 0OaaHCUPOBKU TpaduKa B arperupyroiieM HHTepderice —"hash" wmium
"round-robin";

5. HacTpauBaThb MaKCHMaJdbHOe W MUHHUMAaJIbHOE KOJHUYECTBO AKTUBHBIX YUYaCTHUKOB B
arperupyroiieM HHTepderice;

6. BkuirouaTh U HaCTpauBaTh Ha arperupyroineM nHTepderice JOIIOJTHUTEIbHBIN METO/ OBICTPOTO
IeTeKTUPOBaHUA 00phIBa JIMHKaA — IIPOTOKO0J MicroBED.
Tabauya 29. IloceA0BaTeILHOCTh CO3/TaHM U HACTPOHMKH arperupyrouiero nHrepdeiica
Komanpa HasHnaueHue
configure [Tepexof B pesXUM IVI00aJIbHOM KOHQUIYpPaIlHHU.

lacp interface tengigabitethernet /[lo6aBieHHe $U3UUECKOr0 JIMHKA B arperupoBaHHbIN
num HHTepQelC U I1epexof; B pe>KUM HaCTPOMKH ero
IapaMeTpoB arperarymu.

bundle id bundle_id [IpuBsisKa GU3NUeCKOro UHTepdelica K yKasaHHOMY HOMepY
arperupoBaHHOIO HHTepeiica CUCTEMBL.

bundle mode { active | passive |  yxasamue pe>kuMa paGoTsI arperamuu — LACP active, LACP

off }

passive 60 cTaTU4ecKas arperarys. Ba)KHO yKa3bIBaTh
OJMHAKOBBIYU peXUM paboThI /I/I1 BCeX YIaCTHHUKOB OJJHOTO
U TOTO >Ke arperipoBaHHOro UHTepdelica.

timeout { short | long } (OmIoHaNIbHO) BEIGop peskuMa pa6oTsl LACP — "slow”
(long) mau "fast" (short).
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Komanpga HasHaueHue

exit BosBpaT B peXXuM I106a1bHOM KoOHUryparnuu. Janee
MO>KHO IIOBTOPHUTH IIepeyUCcIeHHEbIe 11ar, 106aBUB
TpebyeMble HUHTepQENChI B COCTaB arperupoBaHHOIO

COeIMHEeHU.
lacp interface bundle-ether Co3pmaHue BCIIOMOTaTeJIbHOIO 3JleMeHTa — 0JI0Ka
bundle_id HaCTPOUKU IIapaMeTpOB arperaniuu uHTepderica bundle-

ether u nmepexos B pe>KUM HaCTPOMKHY 9THUX [TapaMeTPOB.
KomaH/ia aBisgeTcs 06s13aTeJIbHOM!.

active-links max max_links (OnroHaNbHO) YKasaHue MaKCUMaJIbHO BO3MOYKHOTO
KOJIMYeCTBAa aKTUBHBIX YUYAaCTHUKOB arperupoBaHHOr0
uHTtepderica. [Ipu HaIMUYUU 60JIBIIIETO KOJIUYEeCTBA
Y4aCTHUKOB OHU OyAYT IIePeBOAUTHLCI B HEAKTUBHOE
COCTOSITHUE.

active-links min min_links (OmroHaIbHO) YKasaHWue MUHUMAJIbHO TPe6yeMOoro
KOJINYeCTBa aKTUBHBIX YUaCTHUKOB arperipoOBaHHOIO
uHTepderica. B ciyyae, ecid KOJIMYeCTBO aKTUBHBIX
Y4aCTHUKOB OITYCTUTCS HIDKe JaHHOTI'0 3HaUYeHUs,
arperupoBaHHBINM UHTepdelic OyIeT IPUHYIUTEIbHO
leaKTUBUPOBaH.

exit Bo3BpaT B peXuM I7106a71bHOM KOHQUTYpaAITUH.

interface bundle-ether bundle_id CospaHue B CCTeMe arperipoOBaHHOr0 UHTepdeiica U
IIepexo/i B peKUM ero HaCTPOUKHU.

ipv4 address ipv4address/prefix (OnmonanbHO) 3aganue IPv4-ampeca Ha UHTEpderice.

commit [IprMeHeHMe IIPOU3Be/IeHHBIX HaCTPOeK.

HasHayaTh ¢u3ndeckre UHTePEMChl B TPYIINY arperariiy KaHajJI0B MO>KHO JIM60
NOTE rmocjae, JM60 OJHOBpPEMEHHO C CO3JaHHEM B CHCTeMe COOTBETCTBYIOIIIETO
uHtepderica bundle-ether.

ITo YMOJIYaHUIO pexxum 6aJIaHCUPOBKU arperupoBaHHOIO
unrepderica— "hash". /g obecmeyeHus TpebyeMol 6aJlaHCUPOBKHU
HeO0OX0IMMO BOCIIOJIb30BaThCsl KoMaHnou "load-balancing hash-fields"
IJI06a/ILHOIO PesKUMa KOHQUIYpalluu.

IMPORTANT

[loslydyeHHBIN arperupoBaHHbBI UHHTep(erc MOXKHO HCII0JIb30BaTh B CUCTEMEe HapaBHe C
0OBIYHBIMU QU3UUECKUMHU IIOPTaAMHU.

IIpumep: KoHduzypayus aepecuposaHHozo uHmepdgeiica, cocmosuwe2o u3 08yx pusudecKux:

load-balancing hash-fields mac-src
load-balancing hash-fields mac-dst
load-balancing hash-fields ip-src
load-balancing hash-fields ip-dst
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lacp interface tengigabitethernet 0/0/8
bundle id 1
bundle mode active

exit

lacp interface tengigabitethernet 0/0/9
bundle id 1
bundle mode active

exit

lacp interface bundle-ether 1
active-links min 2

exit

interface bundle-ether 1
bfd address-family ipv4 source 11.11.11.1
bfd address-family ipv4 destination 11.11.11.2
bfd address-family ipv4 fast-detect
bfd multiplier 3
ipv4 address 11.11.11.1/24
exit

Hcnosib3oBaHue cabuHTepdeiicoB

CabunTepdeiicol (subinterfaces) IpefcTaBiSIOT CO60M JIOTHYECKHE HHTePQEeNChl, SBJISIOIIHAECS
IIOTOMKaMHU (QU3MYeCKoro mHTepderica (MO0 TPYIIIbl arperanyy KaHaloB) U paborarolye C
TerupoBaHHEIM Ethernet-rpapuxom.

Hampumep, Ha oOfHOM (QU3HUYECKOM HWHTepdelice MOXKHO CO3aThb TPH JIOTHYECKUX
cabuHTepderica, IepBbIN U3 KOTOPHIX paboTaeT TOJIBKO C TpaQUKOM C MHKAIICy et 802.1q u
rmoMeudeHHBIM TeroM 100, BTOpoi - ¢ TeroM 300 ¥ TpeTuii - ¢ TeroM 400. ITozg paboToii ¢ TpapUKOM B
JaHHOM CJydae IIo/jpasyMeBaeTcs IIpHUeM COOTBETCTBYIOI[Er0 TerMpOBAaHHOIO Tpaduka U
Iepenadya TpadukKa C COOTBETCTBYIOIIMMU TeraMu. Bcero Ha ogHOM QU3MUYeCKOM HHTepodertice
MO>KHO co3zaTh A0 4000 cabuHTepdericoB. MakcUMaJbHOe KOJIUYECTBO CAaOUHTEpP)EicoB B
CUCTeMe 3aBHCUT OT MOJeJ N MapIlIpyTU3aTopa U yKasaHO B COOTBETCTBYIOIIIEM TeXHHUYeCKOM

OITMCaHUU.
UnentudukaTtop cabuHTepdelica (ykasblBaeTcsl uepe3 TOUKy IIOcCjJe HoMepa
POAUTENHCKOTO MHTepdeiica) —YKCI0, YHUKAIbHOE B IIpefieslaX POAUTEIHCKOTO

NOTE uHTepderica. UIeHTHOUKATOP IIPU 3TOM MOXKET OBITh IIPOM3BOJIBHBIM M He

00513aH COOTBETCTBOBATh TeraM, 3aJlaHHBIM /IS HMHKAIICYJAIUMU. TeM He MeHee,
IJIs yA06CTBa peKOMEeH/IyeTCs HCII0Ib30BaTh KaKy-IH00 CHCTeMY COOTBETCTBHUSI
MeXXy UleHTUQHUKaTOpaM K UCII0/Ib3yeMbIMU TETaMH.

B xauectBe KJIaCCI/I(l)I/IKaTOpa U THKAIICYJIAITHHY MOKET HMCII0/JIb30BaThHCA OUH WUJIN [IBa Tera.

KitaccudukaTop MHKAIICYJISIITNY 3a/IaeTcss Ha cabuHTepderice KOMaH/0H encapsulation.

Jo Bepcuu II0 2.0.1 BKIHOUYUTEJBRHO B KauecTBe VLAN-Teros

IMPORTANT pacriosHaBasuch ToabKo Teru ¢ TPID 0x8100. HauvHada ¢ Bepcun 2.2.0, Ha
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KaXKZIoM 13 QU3UUYeCKUX MHTepderucoM MOXKHO yKasaTh TPID i1 BHEIITHUX
U BHYTPEHHHUX TeroB IIpU IIOMOIIM KoMaH/b! "encapsulation-map outer-
type { 8100 | 88a8 | 9100 } [ inner-type { 8100 | 88a8 | 9100 } ]". lanHasa
HacTporka  OyzeT  IpUMeHATbCA  [JId  BCeX  cabuHTep¢eicoB
COOTBETCTBYIOIler0  ¢Hu3UUYeckoro  wuHTepderica. I[lo  ymMoI4aHUIO
npumenseTtcs TPID 0x8100/0x8100.

CabuHTEepdeChl MOTYT IIOJTHOIIEHHO HCII0JIb30BaThCS B CHCTeMe HapaBHE C QU3HYECKUMHU U
CJIY?KUTB KaK /i1 Layer3-MapuipyTHU3aliiy, Tak U 11 Layer2-KoMMyTaIiu.

CabunTepd@elichl B pecxumMme L3-MapiapyTusanuu

CabuHTepdeiic, KaKk U OOBIYHBIM QU3MUEeCKHUU HHTepdelic, MOKeT paboTaTh B pekuMe layer3
forwarding npu HasHaueHUH Ha Hero [Pv4/IPv6-aspecos.

[Ipu nosiyuyenun Ethernet-kagpa B L3-cabuHTepderic Bce 3arojIOBKU BTOPOIO YPOBHS, BKJIIOUAs
VLAN-Teryd, oTOpachiBaXOTCSA, U BJIOKEHHBIU [P-makeT MaplIpyTHU3HUPYeTCsS COIIACHO TabJIulL]
MapIIPyTHU3aITUH.

IIpu mepepmade IP-rtaketa u3 L3-cabuHTepdelica ItakeT uKamcyaupyercs B Ethernet-xkagp c
aBTOMaTH4YeCKUM JobaByieHHeM TeX VLAN-TeroB, KOTOphIe 3aflaHbl Ha cabUHTepdelice B KauecTBe
KJIaCCUPUKATOpa UHKAIICYIAIIUH.

Tabauua 30. IlocnegoBaTeILHOCTD CO3JaHMs U HacTpoiiku L3-cabunTepdeiica

Komanpa HasHauyeHue

configure [Tepexof B pesKuUM 171062/ IbHOM KOHQUTYPALIAH.

interface { tengigabitethernet |  Cosmamme caGunTepdeiica 1 mepexos B peXKUM HaCTPOHKH
bundle-ether } num.subif_id ero rmapaMeTpoB.

encapsulation outer-vid outer-vid  3amaHue KjiacCUuPUKATOPa — UHKAIICYJ/SAINU TpadrKa Ha
[inner-vid inner-vid ] cabuHTepderice.

outer-vid — 3HaueHUe BHelltHero VLAN-Tera.

inner-vid — 3HaueHUe BHyTpeHHero VLAN-Tera.

ipv4 address ipv4address/prefix (OnuoHanbHO) 3amanue [Pv4-anpeca Ha UHTepdeltice.
ipvb address ipv6address/prefix (OnmoHanbHO) 3amaHue IPv6-agpeca Ha UHTepdelice.
commit ITprMeHeHNe IIPOKM3BEAeHHBIX HACTPOEK.

ITpumep L3-cabunmepdgpetica ¢ oouHapHbvim VLAN-mezupogaHuem

interface tengigabitethernet 0/0/1.4036
vrf example_vrf
ipv4 address 10.10.36.1/24
encapsulation outer-vid 4036

exit
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ITpumep L3-caburHmepdgetica ¢ 080tiHbIM VLAN-mezuposaHuem

interface tengigabitethernet 0/0/1.40000100
vrf example_vrf
ipv4 address 192.0.2.0/31
encapsulation outer-vid 4000 inner-vid 100
exit

NOTE Ha L3-cabuHTepdeiicax UITHOPUPYeTCI KOMaHza rewrite ingress/egress tag.

Cabunrepd@elicel B pe>xume L2-KoMMyTaIiuu

CabuHTepdeiic TakKe MOKeT paboTaTh B pekume layer2 forwarding, BKIOYaTbC B CEPBUCHI
L2VPN (6pu/[pK-I0MeHBbl UJIN KPOCC-KOHHEKTHI) U CIY>KUTH I CKBO3HOM KoMMyTaruu Ethernet-
Ka/IpoB.

[Ipu pabore B pekuMme L2-KOMMyTaIlMU eCTh Ba’KHOe OTJIMUMe — IIpU Ilepefiadye KaJpoB 4yepes
cabuHTepderc MaplIPpyTU3aTOpP He MPOM3BOAMT HUKAKOM Mogudukaruu VLAN-teroB. Takum
obpasoM, ecau TpebOyeTcs C IIPUHHMaeMbIX KaJpOB CHAThb Terw, Ha3HAa4YUThb Ha HUX
IOIIOJTHUTEeIbHbIE TeTU JIUO00 U3MEHUTH TeTU, — TO He0OX0AUMO 3a/1aTh TpebyeMoe [elicTBUe IIPU
IIOMOIITY TOIIOJTHUTEJIbHOM KOMAaH/RI rewrite ingress/egress tag.

CeMmelicTBO KOMaHJ, rewrite ingress/egress tag IIO3BOJIIET BBIIIOJIHUTH C TeraMU CJeLyIOIue
IeVCTBUS:

* push —no6aBuTs B Ethernet-xkazap oguH miau 1Ba VLAN-Tera ¢ 3aga”HHBIM VLAN ID;

° pPOpP — CHATH C KaJZipa oauH viu 18a VLAN-Tera;

* replace — 3aMeHUTH BHEIIHUH Ter Ha 3afaHHbIN VLAN ID u (OIIoHa/IbHO) 3aMEeHUTD TaKKe
BHYTPEHHUH Ter B Kafipe;

° exchange — IIOMEHSITh MeCTaMU BHEIITHUN U BHYTPEHHI/Iﬁ Teru.

Ha omHoM cabuHTepderice MOKHO 3a7jaTh TOJILKO OJHO IIPAaBUJIO rewrite ingress

NOTE .
tag' u ofHO IIpaBUJIO 'Tewrite egress tag'.

Tabauua 31. IlocaedosamenabHOCMb CO30aHUSL U Hacmpoliku L2-cabuHmepgeiica

KomaHnpa HasnaueHue

configure Ilepexof B PeXKUM II06aIbHOM KOHGUTYPALIUHL.

interface { tengigabitethernet |  Cospmamme ca6unTepdeiica u mepexos B peXKUM HaCTPOHKH
bundle-ether } num.subif id €ro ITapaMeTpPOB.

encapsulation outer-vid outer-vid  3amaHHe KilacCHUKaTOpPa — UHKAICY/IAUN TpapHUKa Ha
[inner-vid inner-vid ] cabuHTepderice.

outer-vid — 3HaueHUe BHelllHero VLAN-Tera.

inner-vid — 3HaueHVe BHyTpeHHero VLAN-Tera.

commit ITprMeHeHHe IIPOKM3BeAeHHBIX HACTPOEK.
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Tabauua 32. Hacmpotika npasua rewrite egress tag' Ha L2-cabunmepdetice

Komanpga

configure

interface { tengigabitethernet |
bundle-ether } num.subif id

rewrite egress tag pop {one | two}

rewrite egress tag push outer-vid
outer-vid [inner-vid inner-vid ]

rewrite egress tag replace outer-
vid outer-vid [ inner-vid inner-vid ]

rewrite egress tag exchange

commit

HasxnaueHue
ITepexof B pesXuM Iv106a/IbHOM KOHQUTYPAIIH.

Co3paHue cabuHTepdeiica U ITepexo/ B pesKUM HacTPOUKHU
€ro I1apaMeTpoB.

CHSTH OJTUH WJIM [IBA TeTa C mepefaBaeMoro Ethernet-kaspa.

Jlo6aBUTH OJWH WJIU [IBA Tera Ha IlepefaBaeMblil Ethernet-
Kajip.

3aMeHUTDH O/IUH (BepXHUI) WU BA Tera Ha IlepefaBaeMoM
Ethernet-kazpe.

IToMeHSITh MeCTaMU BHEIIIHUM U BHYTPeHHUU Terd Ha
nepesaBaeMoM Ethernet-kaspe.

HpI/IMEHeHI/Ie IIPOM3BENEHHBIX HACTPOEK.

Tabauuya 33. Hacmpotika npasun rewrite ingress tag' Ha L2-cabuHmepdeiice

KomaHnpga

configure

interface { tengigabitethernet |
bundle-ether } num.subif id

rewrite ingress tag pop {one |
two}

rewrite ingress tag push outer-vid
outer-vid [inner-vid inner-vid |

rewrite inress tag replace outer-
vid outer-vid [inner-vid inner-vid ]

rewrite ingress tag exchange

commit

HasnaueHnue
ITepexop B pesXuM Iv106a/IbHOM KOHQUTYPAIIH.

CospmaHue cabuHTepgeca U Iepexo; B pe)KUM HaCTPOUKHA
ero rapaMeTpoB.

CHSTH OJTUH HJIM [IBA TeTa ¢ mpuHAToro Ethernet-kazpa.

Jlo6aBUTH OJUH HJIM /IBA TeTa Ha IPUHSTHIN Ethernet-kafp.

3aMeHUTH O/IUH (BepXHUI) HUJIM IBa Tera Ha IIPUHATOM
Ethernet-kazpe.

IToMeHATE MeCTaMU BHEIITHUN U BHYTPEeHHUM TeTd Ha
nnpuHgaToM Ethernet-kazpe.

HpI/IMEHEHI/Ie IIPOMN3BENEHHBIX HACTPOEK.

VTwimnsanus cabuHTep¢dercoB

Kak Ha ¢U3MUeCcKHUX U arperHPYHOINIUX UHTepdelicaX, Ha cabuHTepdericax BeJeTCs CTaTUCTUKA
IepeflaHHbIX U IIPUHATHIX ITaKeTOB. Tak)Ke MMeeTCsd BO3MOXKHOCTD II0/iCYeTa TeKyIled 3arpy3kKu
uHTepderica B OUTax B CceKyHAy. Ilofgcuer 3arpyskd g cabuHTepdeliCOB BKJIKYAETCA
100aJIbHOM KOMaHOM system subint-utilization.

Tabauua 34. BkAroueHue nodcuema 3azpy3ku cabuHmepgeticos

KomaHnpga

configure

HasHaueHue

ITepexop B pesXuM Iv106a/IbHOM KOHQUTYPALIH.
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Komanpga HasHaueHue

[no] system subint-utilization BKJIHOUeHHe ITof[cIeTa 3arpy3KH /I BceX cabuHTepeiicoB

commit

cucTteMbl. OTpUIiaTesIbHasl popMa KOMaH/bI OTKII0YAeT
rozcyeT. I1o yMoT4aHUIO IIOZCUET 3arpy3KH Ha
cabuHTepdericax BHIK/IIOYEH.

[IppMeHeHUe IIPOM3Be/JeHHbIX HaCTPOeK.

KoMaH/bl AUAaTHOCTHKHU HHTEepP(eiicoB

Hioke

IIepedYrCIeHbI ShOW—KOMaH,I[LI, IIoCpeaCTBOM KOTOPBIX MOZKHO IIOJIYYUTH PaA3THYHYIO

QUarHOCTUYeCKYI0 MHQOpMAIUI0 06 MHTepdeiicax CUCTEMBL.

show interfaces

KoMmaHza, IIpy YyKasaHMM HMeHH H HoOMepa HHTepdeica, BBIBOAUT [eTaJHU3HUPOBaHHYIO
HHPOPMAIIHIO 0 COCTOSHUM MHTepdelica U CTaTUCTUKY MHTepdelica. be3 yKkasaHHUs KOHKPETHOTO
uHTepderica BBIBOAUTCA HHGOPMAIUs 110 BceM HUHTepdericaM CUCTeMBL.

ITpumep: show interfaces

0/ME
Tue
te

36

5100:Router# show interfaces tengigabitethernet 0/0/5
Feb 6 20:45:47 2018
ngigabitethernet 0/0/5 is up
Interface index is 6
Hardware is tengigabitethernet, address is a8:f9:4b:8b:bb:25
Link is up for 9 hours, 1 minutes, 46 seconds
Description: to AR1(1.1.1.1) te 0/0/5
IPv4 address is 100.100.12.1/31
No IPvb address assigned
Interface is bound to VRF default
Interface is in layer3 forwarding mode
ARP aging time is 240 minutes
Interface MTU is 9192
Interface IP MTU is 1500
Full, 10G, link type is auto, media type is 10G-Fiber
Flow control is rx
300 seconds input rate is 6120 bit/s
300 seconds output rate is 6200 bit/s
300 seconds input unicast rate is 10 pps
300 seconds output unicast rate is 10 pps
300 seconds input multicast rate is @ pps
300 seconds output multicast rate is @ pps
300 seconds input broadcast rate is @ pps
300 seconds output broadcast rate is @ pps
346192 packets input, 24913496 bytes received
6 broadcasts, 14268 multicasts
@ input errors, @ FCS
0 oversize, @ internal MAC
350273 packets output, 25201238 bytes sent



1 broadcasts, 14269 multicasts

0 output errors, @ collisions

@ excessive collisions, @ late collisions

0 symbol errors, @ carrier, @ SQE test error

show ipv4 interfaces brief

KomaHfa BBIBOAUT B Tab/JMYHOM BHe HHOopMaIlUio 000 Bcex L3-mHTepdeiicaXx CHUCTEMBI C
ykasaHueM ux IPv4-azpecos, cocTogHus U VRF, K KOTOPEIM OHU OTHECEHHL.

ITpumep: show ipv4 interfaces brief

0/ME5100:Router# show ipv4 interfaces brief
Wed Dec 15 15:43:49 2021

Interface IPv4 address State VRF

te 0/0/5 100.100.12.1/31 Up default
te 0/0/6 100.100.24.1/31 LowLayerDwn default
te 0/0/7 100.100.23.1/31 LowLayerDwn default
te 0/0/17.10004000 4.4.4.4/24 LowLayerDwn 13-1

te 0/0/17.10004001 1.1.1.1/24 Up 13-1

te 0/0/17.20004000 172.16.0.0/31 Up 13-1

lo 1 2.2.2.2/32 Up default
lo 7991 3.1.3.1/32 Up 13-1
mgmt@/fmcd/1 172.17.0.32/24 Up mgmt-intf

show interfaces description

KomaH/a BBIBOAUT B TAaOJUYHOM BHEe NepedeHb HHTepPeMCcOB C yKasaHHEM HX ONHCAaHUH
(description), CKOHQUTYPHUPOBAaHHBIX I10J1b30BaTEJIEM.

show interfaces counters

KOMaH,IEa BBIBOJIUT B TabJIUIHOM BHUae IlepedeHb I/IHTGPCI)EI‘/JICOB W CTAaTHUCTHKY II0O CUHETUHKaM
IIaKeTOB Ha HHUX.

show interfaces status

KoMaH/ja BEIBOJUT B TaGJIMUHOM BU/le TlepeueHb QU3NUEeCKUX U arperupyriiux UHTepdercoB 1
MHGOPMAITHIO 0 UX TEKYIIUX COCTOSHUIX U PeXKUMe PaboTHL.

show interfaces summary

KoMaH/1a BEIBOUT CBOJHYIO TaGJIHILY I10 KOJHMUYECTBY UHTepdeiicoB/cabUHTepdEHCcOB CUCTEMBI U
UX COCTOSTHUH.

ITpumep: show interfaces summary

0/ME5100:Router# show interfaces summary
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Tue Feb 6 20:52:34 2018

Interface type Total Up Down Admin down
tengigabitethernet 20 2 18 0
tengigabitethernet-sub 22 21 1 0
bundle-ether 2 0 2 0
loopback 1 1 0
mgmt 1 0 0
ALL 46 24 22 0

show interfaces utilization

KomaHza BBIBOOAUT B Tab/IMYHOM BHJe HHOOPMAILIUI0 O TeKylleMd 3arpyske (QHU3MYeCKUX U
arperupyroInux uUHTepdemncos.
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IIOCTOSHHBIE MAPHIPVTBI
CTATUYECKAJ MAPHIPYTU3AIIUA

B 3TOM IIaBe JaeTcd IOHATHE IIOCTOSHHBIX MapIIpPyTOB, OIKMCAHBI METOABI UX AUArHOCTHUKU U
HaCTpOMKa CTaTU4YeCKOM MapIIpyTHU3aliuu AJI I106a1bHOM Tabsuisl (GRT) u skseMiiapoB VRE.

OCHOBHOE€ CpeJCTBO TUarHOCTHUKH TabJIuI] MapILIpyTH3aIluHu

NOTE .
ycTpoiicTBa — KoMaHza show route.

THUIIBI IIOCTOAHHBIX MapaoipyTos

ITocToOsTHHBIE ~MapIUPYTBI —3TO MAapIIPYTHl, He 3aBHUCAIHe OT paboTel IIPOTOKOJIOB
OJUHAMHYECKOM MapIIpyTHU3alliy M CYILIeCTBYIOIIME B CHCTeMe KaK pe3yJabTaT Py4YHOM
HaCTPOUKHU.

B cucrteme umeetcsa TPHU THUIIa TaKHUX MapIIPyTOB:

* IIpHUcoefrHeHHEIe (connected);
* JIOKaJIbHBIE (local);

e cTaTHueckue (static).

IIpucoegHEHHBIE MapPUIPYThHI

[IpucoenuHeHHBIe (connected) MapIIPyTHl — 3TO MapIIPyThl, COOTBETCTBYIOIIME Ha3HAaUeHHBIM
Ha IP-uHTepdeiicr! noaceTsIM. [lapaMeTphl IIPUCOeUHEHHOTO MapIIpyTa — 3TO HEIIOCPe/[CTBEHHO
azpec ceTu ¥ HTepdeiic, Ha KOTOPOM Ha3HAUYeHa IaHHAs IIO/ICETh.

HampuMmep, Inpu HasHauyeHUH Ha uHTepderice I[Pv4-ampeca 100.64.0.1/24 B Tabuuiy
MapuIpyTHUsanuu OyfeT BHeCeHO, UTO aKTHBeH MaplupyT 100.64.0.0/24, mpucoeqyHeHHBIN K
COOTBETCTBYIOILIIEMY UHTepdeliCcy yCTPOMUCTBA.

[IpricoeMHEHHbIe MapIIPyTHl MOSIBJSIOTCI B TaOJIHMIle MapIIPyTH3aIlMH U HCIIOJIB3YIOTCS IS
IepechUIKU TpadUKa TOJIHLKO B TOM CJIydae, €CJIM COOTBETCTBYIOIIMM MHTepdeiic HaXOAUTCSI B
aKTUBHOM COCTOSTHUH.

JIoka/IbHbIE MaPIIPYTHI

JlokasbHble (local) MapHIpyTHl —9TO MaKCUMaJIbHO clieliu¢uuHble (/32 misg IPv4) MapIiupyThl,
COOTBETCTBYIOIIMe Ha3HaueHHBIM Ha IP-uHTepdelicel ycTpoicTBa ajpecaM. IlapaMeTpsl
JIOKaJILHOTO MapIIpyTa—3TO ajpec HHTepderica ¢ MaCKOM /32 W HeNOCpPeACTBEHHO caM
uHTepderic, Ha KOTOPOM afipec Ha3HaUeH.

Hampumep, npu HasHaueHWW Ha wuHTepderice I[Pv4-ampeca 100.64.0.1/24 B Tabauly
MaplIpyTHU3anuu OyJeT BHECEHO, YTO AaKTHWBeH MaplipyT 100.64.0.1/32, JIOKaJbHBIU [
COOTBETCTBYIOII[ETO MHTepdeiica yCTPOHCTBA.
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JIokasibHEBIE MapIIpyTHEI IIOABJIAIOTCA B TaﬁHHHe MapIIpyTHU3alliUK TOJIBKO B TOM CJjy4dae, €CJIIH
COOTBGTCTBYI-OI_L(I/IfI I/IHTep(l)efIC HaxoguTCd B AKTHBHOM COCTOSHHH. JlokaJIbHbIE MapIIpyThI
HCIIOJIB3YIKTCA B CUCTEME VI BHYTPEHHUX HYX]I.

CieyeT € OCTOPOXKHOCTBIO IIPUMEHSITh PeJUCTPUOYIINIO JIOKQJIbHBIX
MapUIpyTOB B IIPOTOKOJBl [JUHAMHUUYECKOH MapIIpyTH3alluH, TaK Kak
IIOSIBJIEHHME TaKHUX CHEeNUQUYHBIX MAapIIPYTOB MOXKeT IIPUBECTH K
HeOo4YeBHUIHOMY BBIGOPY JIYUIIIUX ITyTeH B CETH.

CAUTION

B ciyuae, ecyii Ha MHTepgelc HasHayYeH ajpec ¢ MackKou /32 (HampuMmep,
OpU UCHOJIL30BAaHUM UHTepPPercoB JIOKaJbHOM IeTiu — loopback),
IMPORTANT COOTBETCTBYIOIIIUU MapLIPyT OyZeT paccMaTpUBaTbCS CUCTEMOM Kak
JIOKaJIbHBIM, a He KaK IIpUCOeJIUHeHHbIN. [JaHHYI0 O0COOEHHOCTHL CjeLyeT
YUYUTBIBATH IIPU PeIUCTPUOYIINHU azpecoB loopback-uHTepdericos.

IIpocMOTp NpHUCOETUHEHHBIX M JIOKAJIbHBIX
MAapIIpPyTOB

BbIBO/I BCeX UMENIMXCA IPUCOEeIUHEHHBIX MapIlIpyTOB IIPOU3BOAUTCA KOMaHMAOM show route
[vrf NAME] connected.

BeIBOJ, BCeX UMEIOIIUXCS JIOKAJIbHBIX MapIIPyTOB IIPOU3BOAUTCI KOMaH0M show route [vrf NAME]
local.

[Ipeario105KuM, B CUCTeMe HacTpoeH IPv4-uHTepdeic:

interface tengigabitethernet 0/0/5
load-interval 30
description "to AR2(2.2.2.2) te 0/0/5"
ipv4 address 100.100.12.0/31

exit

Torma B Tabusmile MapuUIpyTHU3aliiu OyAyT IIPUCYTCTBOBATh CJIEAYIOIUe IIpUcoefuHeHHbIe (Ko, ()
U JIOKaJIbHBbIE (KOJ L) MapIlpyThL:

C 100.100.12.0/31 is directly connected, 12h50m46s, te 0/0/5
L 100.100.12.0/32 is directly connected, 12h50m46s, te 0/0/5

CraTHyeckue MapHIIpyThbl

CraTuueckue MapHmpyTbl CO34al0TCA B CHUCTEME€ BPYUHYIO IIyTEeM 3adaHHA COOTBETCTBYIOITHUX
KOMaH[ KOH(l)I/II‘ypaI_[I/II/I. HpI/I CO3MaHUH CTaTHYECKHX MAapHIIPyTOB HMEIOTCSI 00s13aTeJIbHBIE U
OIIITHMOHAJIBHBIE ITapaMeTpPHhI.
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06s13aTeIbHbIE TapaMeTpPHI:

* CeTb Wiy npedpuKc HasHaueHud B popMarte CIDR;

» [P-azipec cienyroirero ysuaa (nexthop).

OHI.II/IOHaJIBHLIe IIapaMeTphbI:

* UHTepdelic, Uepe3 KOTOPHIN HAIIPaBIIeTCAd CTaTUUEeCKUN MapIIIpyT;

* BKUIIOUEeHMe/OTKJII0UeHHe OBICTPOTO IeTeKTUPOBaHUs 00pbiBa BFD;

* MeTpHKa MapIIpyTa;

* BHYyTpeHHUN YMCI0BOU TIT MaplLIpyTa.

HacTpoiika cTaTH4eCKHX MapIIpyTOB BHYTPH IVI00a/ILHOM TaO0 /IMITbI

MmapuapyTtusanuu (GRT)

Jlo6aBieHHe CTaTUYeCKUX MapILIPyTOB B IVI00aJIbHOM TabJ/IHIle IIPOU3BOAUTCA B MepapXUueCKOM
BUJIe B pasfese KOHUIypamuu router static.

Tabauua 35. Hacmpotika cmamu4ecKux mMapupymos 8 GRT

KomaHnpa

confiqure

router static

address-family { ipv4 | ipvb }
unicast

destination ip_network ip_nexthop

interface { null |
tengigabitethernet | bundle-ether
| fortygigabitethernet |
hundredgigabitethernet | tunnel-ip

| tunnel-rsvp } num

bfd fast-detect

metric

exit

tag tag

commit

HasHaueHnue
Ilepexo[ B peskKUM IJ106a/IbHOM KOHQUTYpAITUH.

[Tepexof B pe>KUM KOHQUTYPAITUH CTaTUUECKOH
MapIIPyTU3aIlUH B IJ106aIbHON TabIUILe.

ITepexop B peXxuM HacTpouKH IP unicast-MapIpyToB.

Co3faHIe CTaTUYeCKOT0 MapIIpyTa Ha IIO/ICETh ip_network ¢
a/ipecoM CJIeyIOIIETo y3Ja ip_nexthop v Iepexoj B PeXKUM
KOHOUTYpaIy ONIIHOHAIBHBIX IapaMeTPOB JAHHOTO
MapIIpyTa.

(OnroHanbHO) YKasaHUe UHTepdeiica, yepes KOTOPBIX
OyzeT HallpaBJIleH MapIlIpyT U [Iepexo]; B Pe)KUM HaCTPOUKHU
JaJIbHEeHIIINX ONIMOHAIbHBIX ITapaMeTPOB.

(OnroHaIbHO) BKiItoueHHUe GBICTPOTO e TeKTUPOBaHUS
0OprIBa CBA3U 10 CIeAYIOIero y3Ja (nexthop).

(OmroHasIbHO) VeTaHOBKA METPUKH MapIIIpyTa.

(OnrmoHanbHO) Bo3BpaT B pesKUM HaCTPOUKH
OIIIIMOHAJIbHBIX IIapaMeTPOB MapIlIpyTa.

(OnroHanIbHO) YKasaHKe BHYTPeHHero YHUCJI0BOI0 Tera,
KOTOPBIX MO>KeT OBITH BIIOCJIE[CTBUH HUCII0JIb30BaH IIPU
¢MIBTpany MapIIpyTa IpaBUIaMU PeJUCTPUOYITUH.

[IpuMeHeHMe IIPOU3BeJeHHBIX HACTPOEK.
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ITpumep: Hacmpolika cmamuuecko2o mapwpyma Ha cems 100.70.0.0/16 uepes y3en 4.4.4.4, unmepdhetic
bundle-ether 1.21, c mempuxoti 15 u BHympeHHUM me2om 555:

router static
address-family ipv4 unicast

destination 100.70.0.0/16 4.4.4.4
interface bundle-ether 1.21

metric 15
exit
tag 555
exit
exit
exit

HacTpoliKka cTaTU4eCKUX MapUIpyTOB BHYTPH 3K3eMILsipa VRF

Jlo6aByieHHe CTaTHUeCKUX MapIIpyToOB s sk3eMILIsipa VRF IIPOM3BOJUTCS B HepapXUUecKOM
BHJIe B pa3jesie KoHQuUryparuu router vrf.

A BkiIrodeHUs IP-mapmipyrusaniuu B 3k3eMIUrsipe VRF Heo6xomumo

IMPORTANT

HaJu4yrue B KOHQUIYpallMM KaK MUHUMYM IIycTOro 6JioKa router

vrf

VRF_NAME mj1g maHHOTO 9K3eMILIdpa.

Tabauya 36. Hacmpotika cmamu4ecKux Mapupymoeg eHympu sk3emnasapa VRF

KomaHnpga

configure

router vrf vrf name

static

address-family { ipv4 | ipv6 }
unicast

destination ip_network ip_nexthop

interface { null |
tengigabitethernet | bundle-ether

} num

bfd fast-detect

metric

62

HasnaueHnue
[Tepexof B pesKuM 171062/ IbHOM KOHQUTYPAIIUH.

BkJIr0UeHHe MaplIIpyTU3allii B YKa3aHHOM 9K3eMILIsIpe
VRF U Itepexo/] B pe>KUM HaCTPOHUKU OCHOBHBIX ITapaMeTPOB
MapIIPyTU3aI[UH [IJIT HETO.

[Tepexof B peKUM KOHQUTYpaAITUU CTaTUUEeCKOU
MapIIpPyTHU3aliuU B TeKyIleM ak3eMILsape VRE.

[Tepexon B pesKUM HaCTPOMKHU IP unicast-MapIipyTos.

Co3aHue CTaTUYEeCKOTO MapIIpyTa Ha IO/ICeTh ip_network ¢
aZipecoM CJIeIyIOIero y3Ja ip_nexthop U mepexoj; B pe>Xum
KOHQUTYPAITUH OIITHOHATBHBIX ITapaMeTPOB TaHHOTO
MapIIpyTa.

(OmmoHanbHO) YKasaHue uHTepderica, yepe3 KOTOPBIA
OyZeT HalrpaBJIeH MapIlIpyT U IIepeX0/i B pe’KUM HaCTPOUKU
JaJbHEeNIIUX ONIMOHAIbLHBIX [TapaMeTPOB.

(OnnuoHanbHO) BKIroueHMe 6BICTPOTO JeTeKTUPOBaHU
00pBIBa CBA3H /10 CJIelyIoIero ysia (nexthop).

(OmroHanbHO) YeTaHOBKA METPHUKH MapIIIpyTa.



Komanpga HasHaueHue

exit (OnroHasIbHO) Bo3BpaT B pesKHUM HACTPOUKU
OIIIMOHAIBbHBIX ITapaMeTPOB MapIlpyTa.

tag tag (OnmroHanIbHO) YKa3aHHUe BHYTPeHHEeI0 YK C/I0BOTO Tera,
KOTOPBIX MOXKeT OBITH BIIOC/IECTBHUE UCII0Ib30BaH IIPHU
¢HUIbTpaIUK MaplIpyTa IIpaBUIaMU PeSUCTPHUOYITUH.

commi t [IppMeHeHHe ITPOH3BeIeHHBIX HACTPOEK.

IIpumep: Hacmpolika cmamuueckozo mapuipyma eHympu VRF "example_vrf" Ha cems 10.0.0.0/23 uepes
y3en4.4.4.4, unmepdgeiic tengigabitethernet 0/0/18.1, c mempuxolii 15 u BHympeHHUM mez2om 65001:

router vrf example_vrf
static
address-family ipv4 unicast
destination 10.0.0.0/23 4.4.4.4
interface tengigabitethernet 0/0/18.1
metric 15
exit
tag 65001
exit
exit
exit
exit

KomMaHAbI IPOCMOTPA MapIIPyTHOM HHPOpMAITHHA

show route [vrf VRF] [ connected | static | local ]

JlaHHas1 KOMaHJja BBIBOJUT IIOJHBIM CIIMCOK MapIIPyTOB YCTPOMCTBA B IJI06AJIBLHOM TabJIHIle
MapLIpyTU3alluu JHU60 B yKasaHHOM 3sk3eMmiuripe VRF. Ilpuw ykasaHMM THIIAa MapIIpyTOB
(connected/static/local) BEIBOZ, UIBTPYyeTCSd B COOTBETCTBUM C 3aJJaHHBIM ITapaMeTPOM.

ITpumep: 861800 KOMaHOBL Show route

0/ME5100:Router#t show route
Wed Feb 7 00:20:01 2018
Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local

IA - OSPF inter area, EA - OSPF intra area
NT - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,
LET - ISIS levell external, LE2 - ISIS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn

L 1.1.1.1/32 is directly connected, 13h41m48s, 1o 1
il2 2.2.2.2/32 via 100.100.12.1 [116/10], 13h39m57s, te 0/0/5

63



il2 3.3.3.3/32 via 100.100.13.0 [116/10], 13h41m22s, te 0/0/6

il2 4.4.4.4/32 via 100.100.14.0 [116/10], 13h38m@3s, te 0/0/7.14

i L2 5.5.5.5/32 via 100.100.13.0 [116/30], 13h41m@9s, te 0/0/6

il2 6.6.6.6/32 via 100.100.13.0 [116/20], 13h41m@9s, te 0/0/6

il2 9.9.9.9/32 via 100.100.13.0 [116/10], 13h41m22s, te 0/0/6

C 10.10.0.0/24 is directly connected, 13h41m30s, te 0/0/1.10

L 10.10.0.1/32 is directly connected, 13h41m30s, te 0/0/1.10

C 10.100.100.0/24 is directly connected, 13h41m30s, te 0/0/1.100

L 10.100.100.1/32 is directly connected, 13h41m30s, te 0/0/1.100

C 11.1.0.0/24 is directly connected, 13h41m30s, te 0/0/1.11

L 11.1.0.1/32 is directly connected, 13h41m30s, te 0/0/1.11

B BI 20.20.0.0/32 via 100.100.12.1 [200/0], 13h38m@5s, te 0/0/5

B BI 22.11.0.0/24 via 100.100.12.1 [200/0], 13h38m@5s, te 0/0/5

B BI 22.21.21.0/24 via 100.100.12.1 [200/0], 13h38m@5s, te 0/0/5
<.
NOTE [Ipy HaJIMYUKU B CHUCTEME OOJIHIIIOTO KOJHMYECTBAa MAapPIIPYTOB BBHIBOJ IIOJTHOM

T&6JIPIHLI MOJKET 3aHUMAaThb 3HAYHUTE/IbHOE BpeMs.

show route [vrf VRF] { ipv4 | ipv6 } PREFIX

JlaHHasE KOMaH/a BBIBOJAUT JeTaJbHYI HHQOPMAIIUI0 II0 KOHKPEeTHOMY IpedHUKCy B TabJIHIle
MapIIpyTHU3alUN.

ITpumep: 861800 KOMaHObL Show route ipv4 PREFIX

0/ME5100:Router# show route ipv4 6.6.6.6/32
Wed Feb 7 00:24:31 2018
Routing entry for 6.6.6.6/32
Last update: 13h45m39s
Routing Descriptor Blocks
100.100.13.0, via te 0/0/6
Known via isis, distance 116, metric 20
type isis-level2-internal, protection none, route-type remote

Entries: 1

B KauecTBe apryMeHTa kKomaHja show route { ipv4 | ipv6 } mpuHHMaeT
TOJILKO TOYHBIM MapuipyT B ¢opMmare CIDR, umeromuiica B TabJulle

IMPORTANT MapuIpyTHUsanuu. /1 BBIIIOJIHEHU IIOMCKa MaplipyTa JjIsg KaKoIo-JIH60
IP-agpeca (T.H. TIIpoIlecC TOYHOIO IIOMCKa MapIlIpyTa) CJenyer
BOCII0JIb30BaThCsA KOMaHI0# show 13forwarding.

show route rib summary [detailed]

KoMaH/1a BEIBOIUT CBOAHYI0 MHGOPMAITUIO O KOJIMYECTBE MApPIIPYyTOB B CUCTEME C YKa3aHHUEM HUX
TUIIOB/UCTOYHUKOB.
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ITpumep: 8618600 KOMaHObL 'show route rib summary':

0/ME5100:Router# show route rib summary
Wed Feb 7 00:27:47 2018

Route Source Routes
static
connected
local

ospf

isis

bgp

1fa

summary address
default

FIB installed

SOSOS0 ) NS VW OoON
N O

SN
(Vo)
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HACTPOHKA IIPOTOKOJIA OSPF

B maHHOH I71aBe OIMMCAaHbl HPUHIIHIIEI HACTPOMKHU IIPOTOKOJIA TUHAMHUYECKOM MapIIpyTHU3aI[ud
OSPFv2 (Open Shortest Path First, version 2).

JlaHHBIN IIPOTOKOJI IPUHAJJIEKUT K CeMeICTBY IIPOTOKOJIOB COCTOSIHUS COeUHEHUS U OTHOCUTCS
K rpynre IGP (Interior Gateway Protocol).

IIpuHIUNIBEI KOHQUTYPUPOBAHUA NIPOTOKOIa OSPFVv2

HacTpoiika 1mpoljecca [MHaMHUYeCKOM Mapiapytusaruu OSPF  IIpou3BOAUTCA B pasfesie
KoHQuryparuu router ospfv2. Ha ycTpoiicTBe BO3MOXKHO CO3/aTh TOJIBKO OIWH IIPOIiecC
Mapmpytusanuu OSPFv2 (ofHaKO i1 Hero HeoOXOQUMO 3a/laTh YHUKaJIbHOe HMs). BHyTpu
IAHHOTO KOHQUTYpallMOHHOI0 6JI0Ka HacTpauBaeTcsa OSPFvV2 Kak [y1d I7106a/JIbHOM TabJIUIIb], TaK
U JUI1 UMEIOIIUXCS Ha MapIIpyTU3aTope sKk3eMILIIpoB VRE.

llanbHeHIass KOHOQUIypaIlus TakKe IIPOM3BOIUTCS HEpapXWUecKW. BHYTpPM TabJIHITHI
MapUIpyTU3aIuu KoHQurypupyroTcs OSPF-30HEI (area), B KOTOphIe yyKe Ha3HAYaIOTCS JIOTUYeCcKHe
U pusuUecKue HHTepderchl yCTpocTBa.

[Io yMO/JIlYaHUIO HU OJUH U3 HHTEepPQeMCcOB YCTPOMCTBA He BKJIIYEH B
nporokos OSPF. [lyig 3amycka mporokosia OSPF Ha wHTepdeiice u/mium
cabuHTepderice TpebyeTCd IBHO yKa3aTh 3TOT UHTepdelic B KOHQUTypaIuu
COOTBETCTBYIOIIIEN 30HEI BHYTPH IIpoliecca OSPFv2.

IMPORTANT

Ha uHTepdetice, CKOHQUTYPUPOBaHHOM BHYTPHU KaKOM-1n60 30HBI OSPF,
3alycKaeTcs MeXaHHU3M IIPOTOKOJILHOI0 06HapykeHUss OSPF — HaunHaeTca
ornpaBka HELLO-ltakeToB ¥ IIpHMeM TaKHX IIaKeTOB. VCKiIroueHHe

IMPORTANT COCTABJIAIOT T.H. "NIaCCUBHBbIE" MHTepPPerCchl — TaKue UHTEePPEHChl TOJIHKO
BKJIIOYAIOTCA B cocTaB 00bsABiaeHUM OSPF Router links mpu pacceuike
IIPOTOKOJIbHBIX COOOII[eHWM, COCe[CTBa 4Yepe3 TaKue HHTepQeirchl He
yCTaHaBJIUBAKTCH.

TaxuM 06pa3oM, oC/Ie0BaTEJIbHOCTE KOHGHUIypHpoBaHMs NPoToKoaa OSPF BRII/IAAUT
CJIeIyIOIIMM 00pa3om:

1. CospmaHue mporiecca MapIIpyTU3aIiHHI.
2. Obuas HacTpoMKa mpoTokosia OSPF Ha ycTpoiicTBe.

3. Co3manue Tpe6yeMmbix OSPF-30H BHYTpH 6JI0Ka IIpoliecca MapIIpyTH3allMy M HacTpoMKa
9THUX 30H.

4. lob6aByeHUe UHTep)EelCcOB B COOTBETCTBYIOIYE OSPF-30HbI.

basoBas HacTpouka nmporokosia OSPFv2

HacTpoiika IIpOTOKOJIa IIPOMU3BOSUTCS COIJIACHO OIIMCAHHOU BEHIIIIE HepapXUH.

Tabauua 37. bazosast Hacmpotika npomoxoaa OSPFv2
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KomaHnpa

confiqure

router ospfv2 OSPF_NAME

router-id X.X.X.X

area Y.Y.YY

nssa

stub

interface { loopback |
tengigabitethernet | bundle-ether
| fortygigabitethernet |

hundredgigabitethernet | tunnel-ip

} num

HasHaueHnue
Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

Cospmanue mporjecca Mapiipyrusanuu OSPFv2 ¢ umeHeM
OSPF_NAME ¥ 11Iepexo/; B pesKUM ero HaCTPOMKH.

3amaHue uaeHTUGUKaTOopa y3ia ceTu (Router ID) B popmare
IPv4-anpeca.

CozmaHue B KoHQuUryparuu OSPF-30HEI (area) U mepexof B
pe’kuM eé HaCTPOMKU.
Backbone-30H011 s1BJIseTCd 30Ha ¢ HOMepoM 0.0.0.0.

(OnroHasIbHO) YKasaHUe TeKyllel 30HbI B KayecTBe OSPF
NSSA (‘'not-so-stubby area’).

(OmrmoHanbHO) YKasaHue TeKylei 30HbI B KauecTBe OSPF
Stub area.

Jlob6aBiieHHe COOTBETCTBYIOLIEro MHTepderica (JIM60
cabuHTepderica) B ykasaHHYI 30Hy OSPF u nmepexoj B
pe>xuM HacTporiku OSPF-mapaMeTpoB 3TOro UHTepderica.

dead-interval { minimal | SECONDS (OmitroHaabHO) YCTaHOBKA BpeMEHHOTO0

}

hello-interval SECONDS

fast-hello-multiplier PACKETS

metric METRIC

HHTepBasia — TaruMayTa IoaydeHus HELLO-I1akeToB OT
cocefia, I10 KCTeYEHUH KOTOPOTO cocefi Ha JaHHOM
nHTepderice 6yJeT CUUTATHCA IIOTEPSIHHBIM.

VkasaHue nmapamerpa minimal BKirouaeT peskuM OSPF fast
hello.

(OniroHanbHO) YeTaHOBKA MHTepBasa oTiupaBku HELLO-
IIaKeTOB Ha TeKyllleM UHTepdelice, B CEKYH/aX.

(OnrmoHasbHO) YeTaHoBKaA KostmuecrBa HELLO-TTakeToB,
KOTOpPBIe OYAYT OTIIPABJIATHCA C HHTepQeica 3a CEeKyHIY
npu pabote B pesxuMe OSPF fast hello.

[IprHuMaeT sHaueHud 2..20.

(OmoHanbHO) YeTaHaBIUBaeT IIPOTOKOJIBLHYI0
"CTOMMOCTR" (MHa4ye — MeTPUKY) HHTepdelica.
I[IpuHuMaeT sHaueHUd 0..65535.

BAJKHO: B Tekyieii Bepcuu 10 Bce HUHTepdeChI
YCTPOMCTBA I10 YMOJTYaHUI0 UMEIT MeTPUKYy 10.
HasHaueHUe MeTpUK Ha UHTePeIChI caefyeT
IIPOM3BOJUTEH B COOTBETCTBUU C IIPUHATOMN Ha CeTU
IOJIMTUKOM IGP-MapIpyTUsauuy.
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KomaHnpa

mtu-ignore

network { broadcast | nbma |
point-to-multipoin | point-to-
point }

passive

priority ROUTER_PRIORITY

exit

exit

exit

commit

Ha3umaueHue

(OnmroHanbHO) C JaHHBIM ITapaMeTPOM IIPH
YCTaHOBJIEHUH COCEJICTB Uepe3 UHTepdelic 6ymeT
UTHOPUPOBATHCSA HHPOpMaIysd o pasMmepe MTU B
00BbABIEHUAX COCEJHUX MapIIpyTU3aTopoB. KomaHy
cJIelyeT HUCII0JIb30BaTh IIPY HEBO3MOKHOCTH BBLIIIOJTHEHHS
corylacOBaHHOM HacTporku MTU Ha coceTHUX
MapIlpyTHU3aTopax.

(OmmonanbHO) YKasaHue tuiia OSPF-1iofceT Ha
HHTepderice.

[Ipy ucoIb30BaHUM THIIA point-to-multipoint ycTpoiicTBO
MO’KeT paboTaTh TOJIBLKO B IIaCCUBHOM non-broadcast
pe’xrMe — TO eCTh YCTaHaBJIMUBATh COCELCTBO I10 GpaKTy
nosyueHus unicast HELLO-coo6IieHUM 0T cocelel.
B0O3MO’XHOCTh MHUIIHMAIIUY COeIUHEHUN K
CKOHQUI'YPUPOBAaHHBIM COCelsaAM Oy/ieT AOCTYIIHA B
oynymux pesusax I10.

(OmmonanbHO) [lepeBon uHTEeperica B ITaCCUBHBIN
pexum.

B maHHOM pe’KrMe HHTepQeuc He OTIIPaBJIgeT U He
npuHuMaeT HELLO-coo611ieHHI U yepe3 HHTepdeic He
yCTaHaBJIUBAaeTCsI HUKAaKUX COCe/CTB. PesKUM HCII0IB3yeTCs
IIpY He0O6XOAMMOCTH aHOHCHpoBaTh B OSPF 11o7iceTs
JaHHOIO MHTepdetica (HaIpuMep, 111 HHTepdercoB
JIOKaJIbHOH I1eTyu loopback).

(OnmroHanbHO) YeTaHOBKA IPUOPHUTETA MapIIpyTH3aTOpa
IUId y4acTys B BeIbopax Designated router.
[IprHrMaeT sHayeHHUd 0..255.

BosBpat B peXuM HacTpoKu OSPF-30HBbI.
Bosspart B pexxuM HacTpoiiku OSPF-miporecca.
Bo3Bpart B peKuM I71I06aIbHOU KOHQUTYPaIIUH.

[IppMeHeHUe IIPOM3Be/JeHHbIX HaCTPOeK.

ITpumep. bazosas Hacmpolika npomoko.sa OSPFv2
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router ospfv2 test
area 0.0.0.0
interface loopback 1
passive
exit

interface tengigabitethernet 0/0/12

network point-to-point
exit



interface tengigabitethernet 0/0/13

metric 20
network point-to-point
exit
exit

area 0.0.0.100
interface bundle-ether 7.400
metric 250
network point-to-point
exit
stub
exit
router-id 1.1.1.1
exit

Hactporka OSPF nisa sk3emiuisipa VRFE

JlJ14 3a1mrycKa Immpoliecca Mapipytusanuu OSPF BHYTpU KaKoro-jan6o sk3eMiuisipa VRF He06X0quMo
CKOHQUIYPUPOBATh COOTBETCTBYIOIINU 60K vrf <NAME> BHYTpHU 3apaHee CO3aHHOIO IIpoliecca
MapuipyTusanuu router ospfv2. Ilporecc manpHenmmen Hactpoiku OSPF BHyTpu VRF upeHTHUYEH
TAKOBOMY JJIs1 IJI00a/IbHOM TabJIMIBI MapILIPyTHU3aIlUHU.

[Ipomecchl MapIIpyTU3aliiy I pasHbIX VRF paboTaroT He3aBHUCHUMO JApPyr OT
ApyTa.

NOTE

Tabauua 38. Hacmpotika npomoxoaa OSPFv2 da5 sk3zemnaapa VRF

KomaHnpga HasHaueHue
configure [Tepexof B pe’KUM IV106aIbHOM KOHQUTYpaIluH.
router ospfv2 OSPF_NAME Cospmanue mnporjecca Mapipyrusanuu OSPFv2 ¢ umeHeM

OSPF_NAME ¥ 11epexo/i B pe;KUM ero HaCTPOMKH.

vrf VRF_NAME 3a1ryck Ipoiiecca Mapupyrusanuu OSPFv2 B ykasaHHOM
VRF U 11epexo/t B pe>KUM HaCTPOMKHU 9TOTO IIpoliecca.

router-id X.X.X.X 3amaHue uaeHTUQUKaTopa y3ia cetu (Router ID) B popmare
IPv4-anpeca.

area Y.Y.Y.Y Cospmanue B koHQuUrypanuu OSPF-30HEI (area) U riepexof B
pe’XUM eé HaCTPOMKHU. /l0ITyCKaeTCs UCII0/Ib30BaHUeE TOIBKO
dotted-HOTaIuw.

Backbone-30H011 gBJIeTCd 30Ha ¢ HOMepoM 0.0.0.0.

nssa (OmmmoHanbHO) YKasaHUe TeKyllel 30HbI B KauecTBe OSPF
NSSA ('not-so-stubby area’).

stub (OmmoHanbHO) YKasaHue TeKylei 30HbI B KauecTBe OSPF
Stub area.
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KomaHnpa

interface { loopback |

tengigabitethernet | bundle-ether

| fortygigabitethernet |

hundredgigabitethernet | tunnel-ip

} num

Ha3umaueHue

Jlob6aBiieHHe COOTBETCTBYIOIIEro HHTepderica (1160
cabuHTepderica) B ykasaHHYI 30Hy OSPF u nmepexoj B
pe>xuM HacTporiku OSPF-mapaMeTpoB 3TOro UHTepderica.

dead-interval { minimal | SECONDS (OmiiroHanabHO) YCTaHOBKA BpPeMEHHOTO0

}

hello-interval SECONDS

fast-hello-multiplier PACKETS

metric METRIC

mtu-ignore

network { broadcast | nbma |
point-to-multipoint | point-to-
point }

passive
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HHTepBasia — TaruMayTa IoaydeHus HELLO-I1akeToB OT
cocefia, I10 KCTeYEHUH KOTOPOTo cocefi Ha JaHHOM
nHTepderice 6yJeT CUUTATHCA IIOTEPSIHHBIM.

VkasaHue nmapamerpa minimal BKirouaeT peskuM OSPF fast
hello.

(OniroHanbHO) YeTaHOBKA MHTepBasa oTiupaBku HELLO-
IIaKeTOB Ha TeKyllleM UHTepdelice, B CEKYH/aX.

(OnrmoHasibHO) YeTraHoBKa KostmuectBa HELLO-TTakeToB,
KOTOpPBIe OYAYT OTIIPABIATHLCA C HHTepdeca 3a CEeKyHIY
npu pabote B pesxuMe OSPF fast hello.

I[IprHuMaeT sHaueHud 2..20.

(OmoHanbHO) YeTaHaBIUBaeT IIPOTOKOJIBLHYI0
"CTOMMOCTB" (MHa4Ye — MeTPUKY) HHTepdelica.
I[IpuHuMaet sHaueHUd 0..65535.

BAJKHO: B Tekyieii Bepcuu 10 Bce HUHTepdeChI
YCTPOMCTBA I10 YMOJTYaHUI0 UMEIT MeTPUKYy 10.
HasHaueHUe MeTpUK Ha UHTePEeIChI caefyeT
IIPOM3BOAUTEH B COOTBETCTBUU C IIPUHATOMN Ha CeTU
IOJIUTUKOM IGP-MapIpyTUsauuy.

(OnmroHanbHO) C JaHHBIM ITapaMeTPOM IIPK
YCTaHOBJIEHUHU COCE/JCTB Uepe3 HHTepdeic oyreT
UTHOPUPOBaThCd HHopMalusd o pasmepe MTU B
00bABIEHUAX COCEJHUX MapIIpyTU3aTopoB. KomaHy
CJIe/lyeT HUCII0JIb30BaTh IIPY HEBO3MOKHOCTH BBIIIOJTHEHUS
corstacoBaHHOM HacTporky MTU Ha cocefHUX
MapIlpyTHU3aTopax.

(OmmmonanbHO) YKasaHue tuma OSPF-ioficeTu Ha
HHTepderice.

(OnroHasnnbHO) ITepeBof MHTepdelica B ITaCCUBHBIN
peXuM.

B maHHOM pe)xuMe MHTepQenc He OTIIpaBJIsieT U He
npuHuMaeT HELLO-coo611ieHU U yepe3 HHTepdeic He
yCTaHaBJIMBaeTCd HUKAaKUX COCECTB. Pe)KUM HCII0/Ib3yeTCs
IIPY HeOOXOAMMOCTH aHOHCHpOBaTh B OSPF 11o7iceTs
TAHHOTO0 UHTepderica (Hampumep, i1 UHTepPHelicoB
JIOKaJIbHOH 11eTyH loopback).



Komanpga HasHaueHue

priority ROUTER_PRIORITY (OmoHanbHO) YeTaHOBKA IIPUOpUTETa MapIlpyTHU3aTopa
IUId ydacTus B Belbopax Designated router.
ITpuHumaet sHaueHud 0..255.

exit BosBpaT B pesxuM HacTpOMKHU OSPF-30HEL.

exit BosBparT B pesxuM HacTporKHU OSPF-1iporiecca BHyTpu VRE.
exit BosBpart B pesxuM HacTpoiiku OSPF-mipoitecca.

exit Bo3BpaT B peXuUM IVI06aJIbHOM KOHQUTYpPaIlHH.

commit ITprMeHeHNe IIPOM3BEAeHHBIX HACTPOEK.

ITpumep. Hacmpotika OSPFv2 a5 sk3emnaapa VRF.

router ospfv2 test
vrf EXAMPLE
area 0.0.0.0
interface loopback 100
passive
exit
interface tengigabitethernet 0/0/2
mtu-ignore
network point-to-point
exit
interface tengigabitethernet 0/0/3
metric 20
network point-to-point
exit
exit
area 0.0.0.100
interface bundle-ether 6.400

metric 250
network point-to-point
exit
stub
exit
router-id 1.1.1.1
exit
exit
IMPORTANT CooTBeTCTBYOIIIUM 3K3eMIUsIp VRF [o/pkeH OBITH 3apaHee CO3JaH B

KOHQUTypaliuy MaplIpyTU3aTopa.

Pa6oTa c npoToxosioMm BFD

[IpoTokosa BFD (Bidirectional forwarding detection) cay>KUT 111 66ICTPOro 0OHapPy>KeHUsI 0TKa30B
COeIMHEHUU MeXXIy IBYMS U 60J1ee COCETHUMHU YCTPOUCTBAMHU.

71



MapipyTusaTopsl ceMmelictBa ME HWMeT amnmapaTHYH NTOAAep KKy BFD, 4To 1103BOJIsAET
MaKCHUMaJIbHO OBICTPO OOHApy’KMBaThb OOPHIBBI COeUHEHUNW U IIPOU3BOAUTH IlEpeKJII0UeHUe
TpadgrKa Ha pe3epBHbIe MapIIPYThI.

BxurroueHue IpoTrokosia BFD IpoMsBOAUTCA ITyTEM BBIIIOJIHEHHS KOMaHZBl bfd fast-detect Ha
COOTBETCTBYIOILIlEM HHTepdelice B KOHPUIypallMUOHHOM 0JioKe IpoTokosa OSPFv2. Ilpu sToMm
MapIIpyTHU3aTop OyAeT IbITaThCd yCTaHOBUTH BFD-ceccuu ¢ IP-asipecamMu BcexX cocefieil, KOTOPBIX
poTokoJs OSPF o6HapyXUT Ha UHTepdeiice. B ciayyae yCIIEITHOTO YCTaHOBJIEHUS TaKUX COCEJICTB
craTtyc OSPF-ceccuu CBSDKETCA CO CTaTyCOM COOTBeTCTBYIOIe BFD-ceccuu.

Tabauua 39. Hacmpotika npomokoaa BFD 045 OSPF-cocedcma

Komanpa HasHnaueHue
configure Tlepexof] B peskKUM IJI06aIbHOM KOHHUIYPaITHH.
router ospfv2 OSPF_NAME CospmaHue mporjecca MapuIpyTusanuu OSPFv2 ¢ uMeHeM

OSPF_NAME ¥ 11iepexo/i B PesKUM ero HaCTPOMKH.

area YYYY Cospanue B KoHQuUrypanuu OSPF-30HEI (area) U riepexof B
PEeXHUM e€ HaCTPOMKH.

interface { 100Pb30||< | [Tepexon B pesXxuM HacTpouku OSPF-ltapameTpoB
tengigabitethernet | bundle-ether -
COOTBETCTBYIOIIEro UHTepdetica.
| fortygigabitethernet | IO Pe
hundredgigabitethernet | tunnel-ip
} num
bfd fast-detect BKJIIOUeHHe MeXaHHU3Ma yCTaHOBJIeHHus BFD-ceccHii yist
BCeX IPOTOKOJIbHBIX OSPF-cocesielt Ha JaHHOM UHTepderice.
root Bo3BpaT B pekKUM IJ106aJIbHOM KOHQUTYPaITUH.
commit [IpriMeHeHMe IIPOU3BEeIeHHBIX HAaCTPOEK.

ITpumep. Hacmpoiika npomoko.a BFD 0.9 OSPF-unmepdetica.

router ospfv2 test
router-id 1.1.1.1
area 0.0.0.0
interface tengigabitethernet 0/0/5
bfd fast-detect
exit
exit
exit

PegucTpuOynusa MapuipyTHOM HHGOpMauu

MexaHU3M pegUCTPUOYIIUU I103BOJIeT IlepefaTb B OSPF MaplipyTel M3 OPYTUX IIPOTOKOJIOB
(mpoTtoxkosioB IGP/EGP, cTraTHueCKUX MapIIPyTOB U T.IL.).

[Io yMOJITYaHUI MapIIPyThl, IepefaHHble B OSPF IIpy IoOMOIU MexXaHH3Ma pPegUuCTpUOyIiUH,
umeroT Tyl OSPF External.
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PequcTpubyIiiss HaCTpauBaeTCs IIyTEM CO3JaHUsl Habopa MMeHOBaHHBIX IIpaBWJI, IIPU IIOMOIIU
KOTOPBIX MO’KHO QUJIBTPOBATH MapIUPYThHl, IIO/JIesKallle pPeIUCTPUOYIINY, a TaKKe HasHadyaThb
Ha MapuipyThl IlapaMeTpshl, crnenuouuHble g OSPF. i1 KakKgoro W3 UCTOYHUKOB
(bgp/connected/local ¥ T.II) MOXHO CO3[aThb HECKOJBbKO IIpaBHJI, HasHAa4YUB MM IIPUOPUTET
KOMaH/I0H priority — maHHBbIe IIpaBUjIa OyAyT IPUMEHSATHCSI K MapIIpyTy 110 0Uepeny 10 I1epBOoro
BXOXKZeHUd. [IpaBriia pegyucTpUOyIIUM UMEIOT 110 YMOJYaHUIO [[efiCTBHe "paspelluTh” — TaKUM
o6pa3oM, IIyCTOe IIPaBHJI0O aBTOMaTH4YeCKU IIPOU3BOJUT PeAUCTPHUOYIIMI0 BCeX MaplIPyTOB M3
YKa3aHHOI'0 UCTOYHHUKA.

HCTOYHHUKH PeIUCTPUOYITHHI:

1. bgp —MapipyTHas TabauIia IpoTokoaa BGP;

2. connected — MapIIpyThl, COOTBETCTBYIOII[ME II0/[CeTsIM, Ha3HAaUeHHbIM Ha IP-uHTepdeichl
Mmapuipyrusaropa B fanHoM VRF (160 GRT);

3. isis —MapuIpyTHas TabuIia IpoToKoa IS-IS;

4. local —MapLIpyTE], ABJLOIIHecT clieliiduKaMu /32 [JId afpecoB, Ha3HAaUYeHHBIX Ha IP-
uHTepdeNchl MapIIpyTHU3aTopa.

5. static — cTaTHUuecKHe MapIIPyTHI.

Tabauua 40. Hacmpotika peducmpubyuuu 8 OSPF mapupymHoil uH@opmayuu u3 opy2ux npomoko108.

KomaHnpga HasHaueHue
configure [Tepexo[ B pesXuM I7106a71bHOM KOHQUTYpaIUN.
router ospfv2 OSPF_NAME Cospmanue nporjecca Mapipyrusanuu OSPFv2 ¢ umeHeM

OSPF_NAME ¥ 11epexo/i B pe;KUM ero HaCTPOMKH.

redistribution { bgp | connected | Cosmamme mpaBmIa pegucTpUGyIIY ¢ MMeHeM RULE_NAME

isis | local | static } U3 yKaszaHHOro ucrouHuka (bgp/connected/isis/local/static) u
RULE_NAME Iepexofl B Pe;KUM HaCTPOMKHM 9TOTO IpaBHJIa.
match prefix IPv4PREFIX/MASK VKasaHue QUiIbTpa, UCII0JIb3yeMOTO0 I JaHHOTO IIpaBUJIa.

[Ipu yKkasaHUU TaKoro GUIbTPa IIPaBUJIO OyIeT
JIeCTBOBATh TOJILKO Ha MapIIPyThl, CTPOTO COBITA[AIOIIIHE C
3amaHHbIM IPv4PREFIX/MASK.

metric-type { ospf-typel-external HasmauumTe Ha MapIIPyTEI, IIPOIIeAIINE Yepe3 JaHHOe
| ospf-type2-external} IIPaBUJIO, MeTPHUKY TuIa "OSPF External 1" siu60 "OSPF
External 2".

metric-value METRIC YcTraHOBUTE 3HaUeHHe OSPF-MeTpUKHU /19 MapIIpPyTOB,
IIPOILeIINX Yyepes JaHHOe IIPaBUIO.

priority RULE PRIORITY YCTaHOBUTH IIPUOPUTET JAHHOIO IIpaBUJIa PeSUCTPUOYITHUH.
IIpaBuJIa pelUCTPUOYIIMH BBIIIOJIHAKTCA 110 OUepet OT
HH3KOI'0 3HAUYeHHs [IPUOPUTETA K BBICOKOMY U
cpabaThIBalOT I10 IIEPBOMY BXOXKIEHUI0. TaKUM 06pasoM,
MapIIpyT, II0IIaBIIUH, HAIIpUMeD, B IIepBOe IIpaBUJIo, 6yieT
nepeznaH B OSPF coriacHO HaCTpOeK 3TOro IIpaBuja U He
OyzmeT 06pabaTeIBaTHCA IIOC/IEAYIOIIMMH IIPaBUIaMU.
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Komanpga HasHaueHue

redistribute disable 3alpeTUTh peUCTPUOYITUI0 MapIIPyTOB, IIOMABIIHX B
TeKyIIlee IPaBUIO. IIpU BEITOIHEHUH JAHHOH KOMAaHIBI
TeKylIlee IPaBUJIO CTAHOBUTCS 3aITpelIlaloIkM.

exit BeIX0[ 13 pesKriMa HaCTPOUKHU IIpaBUJIa PeIUCTPUOYITUU.
Jlajiee MO>KHO HaCTPOUTH CJIeLYIOIIe ITpaBuiia — JJId TOr0
’Ke CaMOT0 UCTOYHUKA, JIU60 AJI51 APYTUX UCTOUYHUKOB

pesucTpUOYIIH.
root BBIXO[ B pesXuM 11062/ IbHOM KOHQUTYPAIIAH.
commit [TprMeHeHMe IIPOKM3BeIeHHBIX HACTPOEK.

ITpumep. Hacmpolika npouecca OSPF ¢ dgyms npaguaamu peducmpubyuyuu connected-mapupymos.

router ospfv2 test
router-id 1.1.1.1
area 0.0.0.0
interface tengigabitethernet 0/0/5
bfd fast-detect
exit
interface tengigabitethernet 0/0/7
bfd fast-detect
exit
interface loopback 1
passive
exit
exit
redistribution connected CONNECT-OSPF
priority 10
redistribute disable
match prefix 100.65.0.0/24
exit
redistribution connected CONNECT-OSPF-20
priority 20
metric-value 300
metric-type ospf-typel-external
exit
exit

Ayrentudpukamnus OSPF

MapipyTisaTopsl cemeiicTBa ME II03BOJIAIOT UCIIO/IBL30BaTh ayTeHTHUKaIMio OSPF-cocencTBa.

AyTeHTudUKaIUsl HacTpauBaeTcsl HouHTepdericHO, Mg eé paboThl HE0OXOJUMO YKasaTh
TpeOyeMblil TUII KOMaHZ0M 'authentication-type' u 3azaTh K04 KoMaH0M 'authentication-key'.

Tabauua 41. Hacmpotika aymenmuguxayuu OSPFv2
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KomaHnpa

confiqure

router ospfv2 OSPF_NAME
area Y.Y.Y.Y

interface { loopback |
tengigabitethernet | bundle-ether
| fortygigabitethernet |
hundredgigabitethernet | tunnel-ip

} num

authentication-type { hmacshal |
hmacsha256 | hmacsha384 |
hmacsha512 | md5 | none | simple-
password }

authentication-key { KEY _STRING |
encrypted KEY_ENCRYPT }

exit

root

commit

HasxnaueHue

Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

ITepexof B peXvM HaCTPOMKHU IIpoliecca MapLIPyTU3allHuH.
ITepexof B pe’XuM HaCTPOUKU 30HBI OSPF.

Ilepexof B pesKUM HaCTPONKU I1apameTpoB OSPF
TpeGyeMoro uHTepderica.

Br160p Tumna OSPF-ayTeHTUQUKAIIMU Ha

uHrepderice — HMAC-SHA1, HMAC-SHA256, HMAC-SHA384,
HMAC-SHAS512, MD5 1160 IIpoCcTOM IapoJib (simple-
password).

3amaHue mapaMeTpa 'none' OTKJIHOYaeT ayTeHTUPUKALHUIO
Ha UHTepderice, UTO COOTBETCTBYET II0BELEHUIO 110
YMOJTYaHUIO.

3ajaHue KJIrova /i ayTeHTUQUKAIITUU B OTKPHITOM
(KEY_STRING) nu6o B 3amtippoBaHHOM (KEY_ENCRYPT)
BUJIE.

BrIxop 13 peskuma HHTepperCcHBIX ITapaMeTpoB OSPF.
Jlajlee MO>KHO HaCTPOUTH ITapaMeTphl ayTeHTUPUKAIIUU Ha
IPYyIUX TpeObyeMbIX UHTepdencax.

BBIX0[ B pesKUM I7100a/IbHOM KOHQUTYPALTUU.

[IpuMeHeHMe IIPOKU3BeJeHHBIX HaCTPOeK.

IIpumep. Hacmpotika OSPF-aymeHmudgukayuu 8 pexcume MD5 Ha uHmepdelice.

router ospfv2 test
area 0.0.0.0

interface tengigabitethernet 0/0/5
authentication-key encrypted B98(224080236D

authentication-type md5
exit
exit
exit

Bce BBOUIMBIE B OTKPBITOM BH/Ie KJIHYU aBTOMAaTHUUECKU ITUPPYIOTCA B TEKYIer

NOTE

KoHHUTypariuu U oTobparkarorcs B Bujie encrypted KEY ENCRYPT.

Kirrour MOKHO I1epeHOCUTH B 3alllMGpPOBaHHOM BHJe MeXKy MaplIpyTHU3aTOpaMU
ME c ogmHaKoBOM Bepcueii I10.
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IIpoBepka pa6orsl OSPF 1 juarHocTuyecKkue
KOMAaH/IbI

show route ospf

KoMmaH/ia BBIBOJUT MaplUpPyThI, MMeINUecd B TabJHIle MapIIPyTH3alluH, IOJyYeHHBIEe U3
nportokoJsa OSPF.

IIpumep. show route ospf
0/ME5100:Router# show route ospf

Codes: IA - OSPF inter area, EA - OSPF intra area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2

0 EA 1.1.1.1/32 via 100.100.12.0 [306/2], 06h17m31s, te 0/0/5

0 EA 4.4.4.4/32 via 100.100.24.0 [30/2], 06h@5m51s, te 0/0/6

0 ET 100.100.13.0/31 via 100.100.12.0 [110/301], 00h@2m54s, te 0/0/5
0 EA 100.100.14.0/31 via 100.100.12.0 [30/2], 06h10m24s, te 0/0/5

Total route count: 4

show ospfv2

KoMmaHzia BEIBOJUT 006liee COCTOSHUE U CTaTUCTHUKY I10 UMeIoIeMycs IIPOLiecCy MaplIpyTH3aliuu
OSPFv2.

ITpumep. show ospfv2
0/ME5100:Router# show ospfv2

Routing Process: test, with ID 2.2.2.2
Router is not an area border router
Graceful restart: not-restarting, remaining time: @, reason: none
OSPF traffic engineering: disabled
Traffic engineering enabled, router ID: 5.5.0.30
The maximum delay before the Routing Table is recalculated: 5000
Route max equal cost paths are stored: 5
External LSA refresh interval: 1800 secs
Full SPF calculation: 00h57m38s ago
LSA timers:
Minimum time between originations: 5000 msec
Minimum time between receptions: 1000 msec
Time to increase minimum originations interval: @ msec
Maximum time to delay originations: @ msec
Number of new LSA originated: 129
Number of new LSA received: 25
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Number of AS-External LSA (type 5): @, checksum: 0x00000000
Number of AS-Opaque LSA (type 11): @, checksum: 0x00000000
Number of LSA in LSDB at checksum check: 0
Number of updates: @ pending, @ merged
Errors count:

Header length errors: 0

Header errors: 0

No interface for virtual link: @

Version field is invalid: 0

Invalid or unrecognized address: 0

Resource errors: 0
Packets dropped by unknown reason: 0

Area 0.0.0.0, up
Area can carry data traffic: false
SPF algorithm executed, times: 11
Number of area border routers: 0, autonomous routers: 1
Number of translator state changes: 0
NSSA Border router state: disabled
Number of LSA type-1: 2, checksum: 0x0000f768
Number of LSA type-2: 1, checksum: 0x0000e18e
Number of LSA type-3: @, checksum: 0x00000000
Number of LSA type-4: 0, checksum: 0x00000000
Number of LSA type-7: @, checksum: 0x00000000
Number of LSA type-10: 2, checksum: 0x000095b8
Total count of LSAs: 5, checksum: 0x00026eae
Number of interfaces in this area: 11

show ospfv2 database

Komanza BeiBoauT copepxkumoe OSPF LSDB 1ig sk3emriuigpa VRF sr60 151 r106a/IbHOM TaGIUIThL
MaplipyTusanuy. Ilpy ykasaHum mnapamerpa 'detailed’ O6ymeT BBIBOOUTHCA JeTalbHOE
cozep>KuMoe umeromuxcesd LSA.

[Ipu ykasaHuu Tuna LSA 6yayT BbIBeleHbI TOJILKO LSA COOTBETCTBYIOIIIETO THIIA.

ITpumep. show ospfv2 database
0/ME5100:Router# show ospfv2 database
Routing Process: test, with ID 2.2.2.2

Area Link State Database:

Link ID ADV Router Age Seq# Checksum Area
Type

1.1.1.1 1.1.1.1 00:14:16  0x30000034 0x00003E58 0.0.0.0
router-1sa
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2.2.2.2 2.2.2.2
router-1sa

4.4.4.4 4.4.4.4
router-1sa

100.100.12.1 2.2.2.2
network-1sa

100.100.14.1 1.1.1.1
network-1sa

100.100.24.1 2.2.2.2

network-1sa

Link State Database:

External Link States:

00:02:25

00:09:45

00:21:42

00:14:16

00:14:23

0x80000036

0x80000011

0x80000030

0x8000000D

0x8000000D

0x00004C27 0.0.0.0
0x00001668 0.0.0.0
0x00000B37 0.0.0.0
0x00008DD1 0.0.0.0

0x0000331A 0.0.0.0

Checksum Type

Link ID ADV Router
100.100.12.0 1.1.1.1
100.100.13.0 1.1.1.1
100.100.14.0 1.1.1.1
show ospfv2 neighbors

00:06:50
00:06:50
00:06:50

0x80000001
0x80000001
0x80000001

0x000OABA2 external-lsa
0x000OAPAC external-lsa
0x000095B6 external-1lsa

KomaHa BRIBOAUT B TaOJIUUYHOM BH/IE CITHCOK aKTUBHBIX OSPFv2-coceneii.

[Ipyu ykazaHuU napamerpa 'detailed' OymeT BBIBOAUTHCS AeTaJlbHas HHPOPMAITH 110 COCE/ISIM.

ITpumep. show ospfv2 neighbors

0/ME5100:Router# show ospfv2 neighbors

Routing Process: test, with ID 2.2.2.2
Router is not an area border router

Neighbor ID Area ID Pri
Interface

BFD

Dead Time

Last state change Address

1.1.1.1 0.0.0.0 1
100.100.12.0  te 0/0/5
4.4.4.4 0.0.0.0 1

100.100.24.0 te 0/0/6

show ospfv2 interfaces

full-BDR active

full-BDR active

0:00:35

00:00:30

00h04m42s

06h18m0b6s

KOMaH/Ia BBIBOJJUT COCTOSIHHME M CTAaTHUCTHKY IIO HHTep(l)eﬁcaM, Y4aCTBYIOIIIUM B IIpOITecCce

OSPFEv2.

ITpumep. show ospfv2 neighbors detailed

0/ME5100:Router#t show ospfv2 neighbors detailed
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Routing Process: 1, ID 5.5.0.31

Router is not an area border router
Interface Loopbackl, state: loopback, status: up Area 0.0.0.0

Interface Tengigabitethernet@/0/3, state: backup-designated-router, status: up

Area 0.0.0.0

none

Neighbor: 51.1.1.1, router-id: 5.5.0.30, permanence: dynamic

State: full, relationship has changed 5 time(s)

Priority: 1, oper-status: up

Router state of this neighbor: designated-router

Retransmission queue length: 0

Hellos is not suppressed

LSAs awaiting a response: @

Dead time: 00:00:32

Last state change: 00h24m57s ago

Restart helper status: not-helping, time-remaining: @ seconds, exit reason:

Local OSPF interface address: 51.1.1.2, Interface Index: 4
Session authentication: disabled
BFD status: not-required

Interface Tengigabitethernet@/0/1.6, state: backup-designated-router, status: up

Area 0.0.0.0

none

Neighbor: 6.100.1.2, router-id: 5.5.0.32, permanence: dynamic

State: full, relationship has changed 6 time(s)

Priority: 1, oper-status: up

Router state of this neighbor: designated-router

Retransmission queue length: 0

Hellos is not suppressed

LSAs awaiting a response: 0

Dead time: 00:00:36

Last state change: 00h25m@7s ago

Restart helper status: not-helping, time-remaining: @ seconds, exit reason:

Local OSPF interface address: 6.100.1.3, Interface Index: 35
Session authentication: disabled
BFD status: active
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HACTPOHKA ITPOTOKOJIA IS-IS

B maHHOM IyIaBe ONMCaHbI IPUHITUIIEI HACTPOMKH IIPOTOKOJIAa JUHAMUYECKON MapIIpyTHU3anuu IS-
IS (Intermediate System to Intermediate System).

JlaHHBIN IIPOTOKOJI IPUHAJJIEKUT K CeMeICTBY IIPOTOKOJIOB COCTOSIHUS COeUHEHUS U OTHOCUTCS
K rpynre IGP (Interior Gateway Protocol).

ITpuHIUIBEI KOHQUTYPHPOBAHUSA NIPOTOKOJIA IS-IS.

HacTpoiika 1pollecca [AMHaAMHUYeCKOM Mapiipyrusanuu IS-IS 1pousBoguTca B pasnese
KoHQuryparuu router isis. Ha yCTpoMcTBe BO3MOXKHO CO3[aThb TOJIBKO OAWH IIpOIiecc
Mapiupytusanuu IS-IS (ogHako A1 Hero Heo6X0AMMO 3a/4aTh YHUKAJIbHOE UMs). BHYTpHU JaHHOTO
KOHQUTypaIfMOHHOTO 6J10Ka HacTpauBaeTcs IS-IS kak g 106ajJbHOM TabGJ/IUIBI, TaK U IS
HMEIOIUXCSI Ha MapIlIpyTHU3aTope 3K3eMILIIpoB VRE.

JlaibHelIIasg KOHQUIYpaIiusa TakKe IIPOU3BOSUTCA HepapXUyecKH.

BHyTpyu TabyHIlbl MapLIpyTHU3alluU KOHQUIypHUpyroTca ItapaMmeTpbl IS-IS (NET, level Bcent
cucteMsl, IS-IS hostname U T.11.), a Tak>Ke 106aBIAIOTCI HHTePpeChl, KOTOPhIe OyAyT y4acTBOBaTh
B Mapuupyrusanuu IS-IS.

[Io yMOJIYaHUI0O HU OJWH W3 UHTeP(eMrCcOoB yCTPOMCTBAa He BKJIIOYEH B
npoTokos IS-IS. [lisi 3amycka mpoTokosia IS-IS Ha wuHTepdelice u/mim

IMPORTANT . .
cabuHTepderice TpebyeTCd IBHO yKas3aTh 3TOT UHTepdelic B KOHQUTypariuu
mnporecca IS-IS.
Ha wuHTepdeiice, CKOHQUIYPUPOBAaHHOM BHYTpHU Iiporecca IS-IS,
3aIryckKaeTcs MeXaHW3M IIPOTOKOJILHOIO 06HapykeHUud IS-IS — HaunHaeTcs
oTrnpaBka makeToB IS-IS Hello m mpueM TakuxX HakeTOB. HcCKiIroueHHe
IMPORTANT

COCTaBJIAIOT T.H. "IIaCCUBHBIE" MHTepdelChl — TaKue UHTepderchl TOJILKO
BKJIIOUAKOTCA B agpecHele TLV B makeraXx LSP, cocexncrBa uyepes Takue
UHTepdelChl He YyCTaHaBJIUBAIOTCA.

ITocsrexoBaTEIbHOCTE KOHPHUIYPHPOBaHMS IPOTOKOJIA IS-IS BBIVIIAUT CIeAyIOIUM 00pa3oM:

1. CosgaHue 1porecca Mapipyrusanuu IS-IS.
2. Ob1as HaCTpoOMKa IIpoToKoJIa IS-IS Ha yCTpoHCTBe.

3. ZlobaBJleHHe U HaCTPOMKa MHTep(}eliCOB B COOTBETCTBYIOLIIME TaO/IUIILI MapIIPyTU3aI[UH.

basoBas HacTpouKa nporokoJia IS-IS

HaCTPOﬁKa IIPOTOKOJIAa ITPOMU3BOHUTCA COIJIACHO OITMICAHHOM BBIIIIE Hnepapxuvu.

Jly11 6a30BOM paboTOCIIOCOOHOCTH CUCTEMBI HEOOX0IUMO yKa3aTh mapameTp 'net' (IS-IS Network
Entity Title) u BbIOpaTH THII MeTPUKHU (narrow Jnb60o wide) i1 HNCIIOIb3yeMBIX Ha
MaplIpyTH3aTope ypoBHel IS. Takoke peKOMeHAyeTcd 3afaTh IapameTp 'host-name' H, B ciay4dae
UCII0JIb30BaHUSI TOJIBKO OJHOTO W3 YpoBHeU IS, BrIOpATh COOTBETCTBYIOIIUI ypOBeHb 0O0Iel
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HACTPOUKOHU 'is-level'.

Tabauua 42. bazosas Hacmpotika npomoxoaa IS-1S

KomaHma

confiqure

router isis ISIS NAME

net NET

is-level { level-1 | level-1-2 |
level-2 }

host-name HOSTNAME

level { level-1 | level-2 }

metric-style { wide | narrow |
both }

set-overload-bit on-startup
SECONDS

exit

interface { loopback |
tengigabitethernet | bundle-ether
| fortygigabitethernet |
hundredgigabitethernet | tunnel-ip

} num

address-family { ipv4 | ipvb }
unicast

exit

Ha3unaueHue
[Tepexo[ B pesKuM I7106a7IbHOM KOHQUTYpALUH.

CospmaHue mporjecca Mapiipyrusanuu IS-IS ¢ umenem
ISIS_ NAME U 11epeXo[t B Pe’KUM ero HaCTPOUKH.

3azmanue cucteMHOro IS-IS Network Entity Title (NET) B
dopmaTe XX XXXX.XXXX.XXXX.XXXX.00. laHHBIN ITapaMeTp
YHUKAJIbHO UIeHTUQUITUPYET CUCTEMY BO BCeM IS-IS-
JIOMeHe.

(OmoHanbHO) Bri60op ypoBHA IS, B KOTOpOM 6yeT
paborats cucteMa. I1o yMOI4aHUIO UCII0JIb3yeTCs 3SHaUeHUe
level-1-2'.

(OnmonanbHO) 3aganue IS-IS hostname — uMmeHH ysiia,
KOTOpOe OyZeT yKasblBaThCAd B COOTBETCTBYHOIIUX TLV
CIy>KeOHBIX ITakeToB IS-IS. ITo yMOTYaHUIO UCIIOIb3YeTCS
CHUCTeMHOe UM4 ycTporcTBa ('hostname").

ITepexo/ B pe>KMM HACTPOMKHU ITapaMeTPOB YPOBHA 1 U1K
YPOBH4 2 (111 060UX YPOBHEH IIapaMeTphl HaCTPauBarTCAd
OIMHAKOBO).

(OnroHabHO) BEI60D peskuMa MeTPUKHU /IS TEKYILEro
ypoBH4 IS-IS. IIo yMO/TYaHUIO UCII0JIb3yeTCd peskuM "both".

(OnroHasnbHO) IIpu yKasaHUU JaHHOTO ITapaMeTpa IIpu
cTapTe mporiecca IS-IS B cucteMe 6y/ieT yCTaHABJINUBAThHCSI
¢uiar "IS-IS overload bit" Ha SECONDS ceKyHJ 110CJI€e
3aIrycka.

BosBpaT B pesKMM HaCTPOMKH IIporiecca IS-IS.

Jlob6aBiieHUEe COOTBETCTBYIOIEro nHTepderica (JI160
cabunHTepderica) B mporiecc IS-IS u mepexo B pesKuM
HaCTPOUKU IIapaMeTpOB IIpoToKoJa IS-IS misa atoro
UHTepderica.

Bxurrouenue pa6otsl IS-IS ¢ IPv4 wim IPv6 Ha JaHHOM
uHTepdelice U IIepexo] B pesKUM KOHQUTYPHUPOBaHUSI
cootBeTcTBYIOIEei AFI/SAFIL.

Ba’kHO: B GOJIBIIIMHCTBE IIPUMeHeHHUH JaHHasg KOMaH/a
SIBJIIeTCSA 00513aTeJIbHOM — [II1 KOPPEKTHOT0 BKIIOUEeHUS
uHTepderica B IP-mapuipyTusauo poTokosia IS-IS
noTpebyeTcsd yKa3aTh ipv4 unicast, ipvb unicast mau obe
AFI/SAFL

BosBpaT B pe’KUM HacTpOMKHU UHTepderica IS-IS.
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KomaHnpa

circuit-level { level-1 | level-1-
2 | level-2}

level { level-1 | level-2 }

csnp-interval SECONDS

hello-multiplier MULT

hello-timer SECONDS

lsp-interval MSEC

metric METRIC

priority PRIO

exit

passive
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Ha3umaueHue

(OnroHasIbHO) YKasaHUe YPoBHA IS, K KOTOpoMy
OTHOCHUTCS IaHHBIN UHTEPPeC.

HHTepdelic 10 yMoI4aHUIO paboTaeT Ha BceX (U TOJIBKO Ha
TeX) YPOBHIX, KOTOPBIE 3a/IaHbl 00111ell HACTPOMKOM 'is-
level'. KomaHza ke 'circuit-level' 1mo3BossieT BIOpATh
Cpeay CUCTeMHBIX YPOBHEU TOT, KOTOPHIU TpebyeTcs [
KOHKPETHOI0 uHTepdeiica.

[IpakTHYeCKOe IpUMeHeHNe KOMaH/la UMeeT B TOM CJIy4ae,
Korza 3azaH 'is-level level-1-2' —B TakoM ciy4yae
KOMaHIoM 'circuit-level' MOKHO BBIOpPATH IJId
uHTtepderica 1u60 level-1, mubo level-2.

HHTepdelicHbIe ITapaMeTPhl COOTBETCTBYIOIIETO YPOBHS
HaCTpauBaloTCs HHTepderCcHOM KoMaH o1 'level'
(cMm.masee).

[Tepexof B pe’kKUM HaCTpPOUKHU IS-IS rmapaMeTpoB
UHTepderica COOTBETCTBYIOIIET0 YPOBHI.

JlOCTIIyHbIe HACTPOUKHU B JaHHOM pe)XHUMe OSUHAaKOBBI [JId
060UX ypOBHeM IS, 0fHaKO KOHPUTYPUPYIOTCS /IS KaXKI0TO
YPOBHA OT[EJILHO.

(OnroHanbHO) 3aflaHue UHTepBasla MeXX/y OTIIpaBKaMU
rnakeToB CSNP.

(OniuoHanbHO) 3a/laHue KOJIMYeCcTBa II0TePAHHBIX IS-IS
Hello, 11ocJie KOTOPBIX cocef, Ha JaHHOM UHTepderice 6yaeT
CYUTATHCS IOTEPSTHHBIM.

(OnmroHanbHO) 3afaHue UHTepBasia oTipaBKy IS-IS Hello.

(OnruoHaNbHO) 3a/laHre UHTEPBala MeK1y OTIIpaBKaMU
nnaxketoB LSP.

(OnroHasIbHO) YKa3aHUe IIPOTOKOJIbHOM METPUKU
(ctomMmocTH) UHTepdeiica.

(OnmmoHanbHO) YKa3aHUe IPUOPUTETA YCTPOMCTBA IIPH
BbIOOpax DR Ha aHHOM HUHTepderice.

BosBpaT B pe’KUM HacTpOMKU UHTepderica IS-IS.

(OnmmonasnbHO) IlepeBoj MHTepdelica B ITaCCUBHBIN
pexum.

B maHHOM peskuMe uHTepelic He OTIIpaBJIsieT U He
npuHuMaet [TH-coo61eHUN U yepe3 UHTepderic He
yCTaHaBJIMBaeTCd HUKAKUX COCECTB. Pe)KUM HCII0/Ib3yeTCs
IIpY He06XOAMMOCTH aHOHCUPOBATh B IS-IS moziceTh
IIAaHHOTO MHTepdeiica (Harpumep, 111 UHTEPECOB
JIOKaJIbHOM I1eTyiv loopback).



KomaHnpa

point-to-point

shutdown

exit

root

commit

Ha3umaueHue

(OnroHanbHO) BKiroueHue Ha UHTepderice pesxxuma "IS-IS
Point-to-point".

B maHHOM pe’kKuMe He IIPOU3BOAITCS BEIOOPHI DR 1 He
CO3/IaI0TCA IICEBIOHO/EI.

Cienyer clIefUTH 3a TeM, UYTOOBI pesKUM HHTepdeiica ObLT
3aJjlaH O/IUHAKOBO JIJI1 060MX KOHIIOB IS-IS coeuHeHUs

(OnrrmoHanbHO) OTKIIIOYaeT IIPOTOKOJI IS-IS Ha ykasaHHOM
HHTepderice ITOIHOCTHIO.

KoMaH/ja nMeeT IIpaKTHYeCKoe IIPMMeHeHHe B TeX CIy4dadx,
Kor/ia TpebyeTcs BpeMeHHO UCKII0OUUTh UHTepderic us IS-IS,
COXPaHUB IIPU 3TOM BCI0 €T0 KOHQUTYPAIUIO.

BosBpaT B pe’XUM HaCTPOMKH Iipoliecca IS-IS. lamee MOXKHO
BKJIIOYHUTE B IS-IS ¥ HACTPOUTE IMapaMeTpPEI APYTHUX
TpebyeMbIX HHTepP()eCoB.

BBIXO/l B pe)KUM IJ106aIbHOM KOHQUTYPaITUH.

[IppMeHeHMe IIPOM3Be/JeHHBIX HACTPOEK.

ITpumep. basogas Hacmpolika npomokoaa IS-IS

router isis test
interface loopback 1
address-family ipv4 unicast

exit
passive
exit

interface tengigabitethernet 0/0/5
address-family ipv4 unicast
bfd fast-detect
exit
hello-padding disable
point-to-point
exit
interface tengigabitethernet 0/0/7
address-family ipv4 unicast
bfd fast-detect
exit
hello-padding disable
point-to-point
exit
host-name Router
ipv4-te-level level-2
level level-2
metric-style wide
exit
net 49.0001.0010.0100.1001.00

exit
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Hactpouka IS-IS s saksemiursipa VRF

JlJ1d 3aIrycKa IIpoiiecca MapuIpyTU3aiuu IS-IS BHyTpH KaKoro-u6o skseMiuisipa VRE He06X0quMo
CKOHQUTYPUPOBATh COOTBETCTBYHOIIMNU 610K vrf <NAME> BHYTpH 3apaHee CO3[LaHHOTIO IIpoliecca
MapuipyTusanuu router isis. IIporecc manbHedier HacTporku IS-IS BHyTpu VRF ugeHTHUUYeH
TaKOBOMY [JId IJI00a/IbHOM TabJIMITBl MapIIPyTU3aI[UHU.

NOTE
npyra.

KomaHma

confiqure

router isis ISIS NAME

vrf VRE_NAME

net NET

is-level { level-1 | level-1-2 |
level-2 }

host-name HOSTNAME

level { level-1 | level-2 }

metric-style { wide | narrow |
both }

set-overload-bit on-startup
SECONDS

exit

interface { loopback |
tengigabitethernet | bundle-ether
| fortygigabitethernet |
hundredgigabitethernet | tunnel-ip

} num
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[Iportecchl MapIIPyTH3allMK 11 pasHbIX VRF paboTal0T He3aBHCUMO [JpYyT OT

Ha3unaueHue
[Tepexo[ B pesKuUM I7106a7IbHOM KOHQUTYpPALUH.

Cospmanue mporjecca Mapiipyrusanuu IS-IS ¢ umenem
ISIS NAME v 1epexo/i B Pe>KUM ero HaCTPOMKH.

3aryck 1poriecca Mapupyrusanuu IS-IS B ykasaHHoM VRF u
IIepexo/; B pesKUM HaCTPOMKH 3TOTO IIpoIiecca.

3amanue cucteMHoro IS-IS Network Entity Title (NET) B
dopmaTe XX XXXX.XXXX.XXXX.XXXX.00. laHHBIH ITapaMeTp
YHUKAJIBHO U eHTUQUITUPYeT CUCTeMY BO BceM IS-IS-
IlOMeHe.

(OmroHanbHO) Br160p ypoBHA IS, B KOTOpPOM 6yIeT
pab6orath cucteMa. I10 yMOI4aHUIO UCII0/Ib3YeTCd 3HaUeHHe
'level-1-2'.

(OmrumoHanbHO) 3aganue IS-IS hostname — uMeHU ysiia,
KOTOpOe Oy/ieT yKa3blBaThCS B COOTBETCTBYIOIIUX TLV
CIIy>KeOHBIX ITakeToB IS-IS. IIo yMOTYaHUIO UCII0Ib3YeTCA
CHUCTEMHOe UM ycTporicTBa ("hostname').

[Tepexos B pe>KUM HaCTPOMKH IapaMeTPOB YPOBHA 1 WiIu
yPOBHS 2 (17151 060UX YPOBHEeH ITapaMeTphl HAaCTPauBaIOTCs
OTTHAKO0BO).

(OnoHaIbHO) BEIGOP peskuMa MeTPUKHU /IS TEKYILETo
ypoBHA IS-IS. ITo yMOTUaHUIO UCII0JIb3yeTCs peskuM "both".

(OmmmonanpHO) [Ipy yKasaHUM JaHHOTO ITapaMeTpa IIpyu
crapre Ipoitecca IS-IS B cucreMe OyzeT ycTaHaBIUBaThLCA
¢uiar "IS-IS overload bit" Ha SECONDS cekyH[ 110CI€e
3alycka.

Bo3BpaT B peKuUM HaCTPOMKU Iipoliecca IS-IS.

Jlo6aBiieHHe COOTBETCTBYIOIIEro MHTepderica (160
cabuHTepderica) B mporiecc IS-IS 1 mepexon B pesKuMm
HaCTPOMKU ITapaMeTpoB IIpoToKoJIa IS-IS 111 aToro
uHTepderica.



KomaHnpa

address-family { ipv4 | ipvb }
unicast

exit

circuit-level { level-1 | level-1-
2 | level-2}

level { level-1 | level-2 }

csnp-interval SECONDS

hello-multiplier MULT

hello-timer SECONDS

1sp-interval MSEC

metric METRIC

priority PRIO

exit

Ha3umaueHue

BxurroueHue pa6otsl IS-IS ¢ IPv4 uiu IPv6 Ha JaHHOM
uHTepodetice U IePexo/] B PesKUM KOHQUTYPUPOBAHUS
cootBeTcTBYIOIe AFI/SAFIL.

Ba>kHO: B 60JILIIIMHCTBE IIPUMEHEeHUN JaHHas KOMaH/ia
SIBJIAeTCs 06513aTeJIbHOU — /1711 KOPPEKTHOT0 BKIKYEeHUS
uHTepdetica B IP-MapipyTusaIiito npoTokosa IS-1S
rnorpebyeTcsd yKa3aTh ipv4 unicast, ipvb unicast mau obe
AFI/SAFL.

BosBpaT B pe’kKUM HacTPOMKU UHTepderica IS-IS.

(OnroHaIbHO) YKasaHUe YpoBHI IS, K KOTopoMy
OTHOCHUTCH TAaHHBIN HHTepQeriC.

HHTepdelic 10 yMoJI4aHUIO paboTaeT Ha BceX (U TOJIBKO Ha
TeX) YPOBHSIX, KOTOPBIE 3aZlaHbl 00111e¥ HaCTPOMKOM 'is-
level'. KomaHpma e 'circuit-level' mo3BosigeT BoIOpaATh
Cpefy CUCTeMHBIX YPOBHEHN TOT, KOTOPBIU TpebyeTcs It
KOHKpPeTHOI'0 uHTepderica.

[IpakTHYeCcKoe IIpUMeHeHNe KOMaH/la UMeeT B TOM CJIy4ae,
Korja 3azaH 'is-level level-1-2' —B TakoM ciy4dae
KOMaHIo#1 'circuit-level' MOKHO BBIOpPATh IJId
uHTepderica subo level-1, 160 level-2.

HHTepdelicHbIe ITapaMeTPhl COOTBETCTBYIOIIETO YPOBHS
HacTpauBaroTCcsa UHTepdercHOM KoMaH0U 'level'
(cMm.pastee).

Ilepexop B pesxuM HacTpouku IS-IS mapameTpoB
HHTepderica COOTBETCTBYIOIIET0 YPOBHI.

JlOCTIIyHBbIe HACTPOMKH B JJAHHOM pesKHMe OJMHAaKOBBI [
000X ypoBHeH IS, ofHaKO KOHQUTYPUPYIOTCA I KaXK[0To
YPOBHSA OT/EeJILHO.

(OnroHanbHO) 3aflaHue UHTepBaia MeX/1y OTIIpaBKaMU
rnakeToB CSNP.

(OmroHanbHO) 3aaHue KOJIMYeCcTBa II0TepSIHHBIX IS-IS
Hello, 110csie KOTOPBIX cOocef Ha JaHHOM UHTepderice 6yeT
CUUTATHCA IIOTePIHHBIM.

(OmroHanbHO) 3alaHre UHTepBaJia oTiipaBkH IS-IS Hello.

(OnruoHanbHO) 3aaHie UHTEPBAla MeXX1y OTIIpaBKaMU
1rakeToB LSP.

(OnroHaIbHO) YKa3aHHe IIPOTOKOJIbHOM MEeTPUKH
(ctouMmocTH) uHTepdertica.

(OnnmoHanbHO) YKa3aHUe IPUOPUTETA YCTPOMCTBA IIPU
BbIOOpax DR Ha aHHOM UHTepdelice.

BosBpaT B pe’kKUM HacTpOMKU UHTepderica IS-IS.
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KomaHnpa

passive

point-to-point

shutdown

exit

root

commit

IMPORTANT

Ha3umaueHue

(OnmmonasnbHO) IlepeBoy MHTEepdelica B ITaCCUBHBIN
pexum.

B maHHOM pe’krMe UHTep¢euc He OTIIpaBJIgeT U He
npuHuMaet [TH-coo61eHUN 1 yepe3 UHTepderic He
yCTaHaBJIMBaeTCd HUKAKUX COCECTB. PeXKUM HCII0/Ib3yeTCs
IIpY HeOO6XOAMMOCTH aHOHCUPOBATh B IS-IS moziceTh
IIAaHHOTO MHTepdeiica (Harpumep, 11 UHTEPECOB
JIOKaJIbHOM I1eTyiv loopback).

(OnroHanbHO) BKirtoueHue Ha MHTepderice pesxxuma "IS-IS
Point-to-point".

B maHHOM pe’KuMe He IIPOU3BOAITCS BEIOOPHI DR 1 He
CO3/IaI0TCA IICEBIOHO/EI.

Cienyer clIefUTH 3a TeM, UYTOOBI pesKUM HHTepdeica ObLT
3aJjlaH O/IUHAKOBO /I 060MX KOHIIOB IS-IS coefuHeHUS.

(OnrrmoHanbHO) OTKIIIOYaeT IIPOTOKOJI IS-IS Ha ykasaHHOM
UHTepderice IIOIHOCTHIO.

KoMaH/ja nMeeT IIpaKTHYeCKoe IIPIMMeHeHHe B TeX CIy4dadx,
Kor/ia TpebyeTcs BpeMeHHO UCK/II0OUUTh UHTepderic us IS-IS,
COXpPaHUB IIPU 3TOM BCIHO €T0 KOHQUTYPAIUIO.

BosBpat B pe’XUM HacTPOMKU Iiporiecca IS-IS BuyTpu VRE.
Jlajiee MO>KHO BKJIFOUHTE B IS-IS 1 HAaCTPOUTE ITapaMeTphl
IPYTUX TpeOyeMbIX HHTeppercoB.

BBIXO/T B pe)KUM IJ106a/IbHOM KOHQUTYPAITUH.

[IppMeHeHMe IIPOM3Be/IeHHBIX HACTPOEK.

CooTBeTCTBYIOIIUU 3K3eMIUIsIp VRF [o/DkeH OBITH 3apaHee CO3JaH B
KOHQUI'ypaIiuy MaplipyTusaTopa.

ITpumep. Hacmpotika IS-IS 8 sakzemnasipe VRF.

vrf 13-1
rd 100:31

import route-target 100:31
export route-target 100:31

exit

interface tengigabitethernet 0/0/17.10004000

vrf 13-1

description "Some example interface"

ipv4 address 100.64.0.0/31

encapsulation outer-vid 1000 inner-vid 4000

exit

router isis test

vrf 13-1
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interface tengigabitethernet 0/0/17.10004000789yuhuxm

address-family ipv4 unicast
bfd fast-detect

exit
hello-padding disable
point-to-point

exit

host-name AR1

is-level level-1

level level-1
metric-style wide

exit

net 49.0001.0010.0100.1001.00

exit
exit

Pa6oTa ¢ npoToxosioMm BFD

[Iporokos BFD (Bidirectional forwarding detection) cy>KUT 151 65ICTPOro 00Hapy>KeHUs 0TKAa30B
COeJMHEeHUN MesXy BYMs U 60J1ee COCeJHUMHU YCTPOHCTBAMU.

MapuipytusaTopsl ceMeiictBa ME HMerOT amnmapaTHY IOAAepKKy BFD, 4ro 1o3BosgeT
MaKCHUMaJIbHO OBICTPO OOHApPY’KMUBATh OOPBIBBI COEMHEHUM U IIPOU3BOAUTH IIePEKJII0UeHUe
TpadHuKa Ha pesepBHbIE MapIIPYTHL

BxitoueHure mpoTokosia BFD mpousBoauTCd TMYyTEM BBIIOJIHEHUS KOMaHAbI bfd fast-detect Ha
COOTBETCTBYIOII[eM HHTepdelice B KOHOUIypallMOHHOM 0JioKe IpoTokosa IS-IS. Ilpu atom
MapIlIpyTHU3aTop Oy/eT IIbITaThCI YCTaHOBUTL BFD-ceccuu ¢ IP-aspecaMu BcexX cocefieil, KOTOPBIX
IIpoTOKOJI IS-IS 06Hapy>XUT Ha UHTepdelice. B ciryyae yCIIEITHOTO YCTAHOBJIEHUS TAKUX COCE/ICTB
CTaTyc ceccuu IS-IS CBSKETCS CO CTaTyCOM COOTBeTCTBYIOIe BFD-ceccuu.

Tabauua 43. Hacmpotika npomoxoaa BFD das IS-1S-cocedcme

KomaHnpa HasunaueHue
configure [Tepexof B pesKUM IV1060aJIbHOU KOHQUTYpaIluH.
router isis ISIS NAME CospmaHue mporjecca Mapipyrusanuu IS-IS ¢ umenem

ISIS NAME v 1epexo/i B PesKUM ero HaCTPOMKH.

interface { tengigabitethernet |  [lepexon B peskum HacTpoitku TapaMeTPOB MPOTOKoIA IS-IS
bundle-ether } num Tpe6GyeMoro uHTepderica.

address-family { ipv4 | ipv6 } BxurroueHue pa6oTsl IS-IS ¢ IPv4 viu IPv6 Ha jaHHOM
unicast

HHTepderice U Ilepexo/ B pesKUM KOHQUIYPUPOBaHU
coorBeTcTBYIOIe AFI/SAFL.

bfd fast-detect { ipv4 | ipvb } BKJIIOUeHHe MeXaHHU3Ma yCTaHOBJIeHus: BFD-ceccHii s
BCeX IIPOTOKOJILHBIX cocezieit IS-IS Ha JaHHOM UHTepdelice.

root Bo3Bpar B peXuM IJI06aIbHOM KOHQUTYPALIUH.

commit ITprMeHeHMe IIPOKM3BeIeHHBIX HACTPOEK.
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ITpumep. BkaroueHue npomokoaa BFD Ha paHee CKOH@U2ypupo8aHHOM uHmepdgetice IS-IS.

router isis test
interface tengigabitethernet 0/0/5
address-family ipv4 unicast
bfd fast-detect
exit
exit
exit

PegucTpuOynusa MapuIipyTHOM HHGoOpMauu

MexaHU3M peAUCTPUOYIIMU I103BOJIAeT IlepefaTh B IS-IS MapiipyTel W3 APYrUX IIPOTOKOJIOB
(mportoxkosioB IGP/EGP, cTraTHUeCKUX MapLIPyTOB U T.IL.).

PegucTpuOyIvs HacTpauBaeTCsa IIyTEM CO3JZaHUsA Habopa MMEHOBaHHBIX IIPaBWJI, IIPU IIOMOIIU
KOTOPBIX MOKHO QMIbTPOBATh MapIIPYTHl, IOJIeXKalllie PeAUCTPUOYIIUM, a TakyKe HasHadaTb
Ha MapIUIPYyTHl IIapaMeTpBl, ClellMUUHbIe [UId IPOTOKosa IS-IS. /Ig KaXk[oro M3 MCTOYHUKOB
(bgp/connected/local ¥ T.II) MOXHO CO3[aThb HECKOJBbKO IIpaBHWJI, HasHAa4YUB MM IIPUOPUTET
KOMAaH/ION priority —IIpU peJUCTPUOYIIMK MaplIpyTa AaHHBIe IIpaBHUjIa OYAyT IPUMEHATLCI K
HeMy II0 O4Yepeju /10 IIepBOro cpabaTsiBaHUA. IIpaBUia peJUcTPUOYIIMY UMEIOT 110 YMOJTYaHUI0
HeyicTBHe '"paspellMTh'—TaKHM 00pasoM, IIyCTOe IIPaBHJIO aBTOMATHYeCKH IIPOU3BOJLUT
PeSUCTPUOYITUIO BCeX MapIIPyTOB U3 YKa3aHHOI0 UCTOYHUKA.

HNCTOYHHUKH peUCTPUOYIIHH:

1. bgp — MapuipyTHas Tabsua npoTokosia BGP;

2. connected — MapLIPyTHl, COOTBETCTBYIOII[HE II0JCeTAM, Ha3HAaUeHHBIM Ha IP-uHTep¢eiichl
Mmapuipyrusatopa B fanHoM VRF (160 GRT);

3. ospf— MmapuipyTHas Tabauia npotokosia OSPF;

4. local —MapipyTel, gBjArOlYecd crnerupukamMu /32 [y afpecoB, Ha3HadyeHHBIX Ha IP-
HHTepeMChl MapIIpyTU3aTOpa.

5. static — cTaTHUuecKue MapIIPyTHI.

Tabauua 44. Hacmpotika peducmpubyuuu 8 IS-1S mapupymHoi uHgopmauuu u3 opy2ux npomoko./108.

KomaHnpa HasnaueHue
configure ITepexo/ B pesKUM IV100aIbHOM KOHQUTYpaIUU.
router isis ISIS._ NAME [Tepexon B pesKUM HACTPOMKHU IIpolfecca MapIIpyTU3alluu

IS-IS c mumeHneM ISIS NAME.

address-family ipv4 unicast Ilepexo/; B pekKHM HaCTPOMKH IIapaMeTpPOB a[pecHOro
ceMmeiicrBa IPv4 unicast.

redistribution { bgp | connected | Cospmamue mpaBuiIa pefucTpUGYLIHH ¢ UMeHeM RULE_NAME
ospf | local | static } U3 yKaszaHHOro ucrouHuka (bgp/connected/ospf/local/static)
RULE_NAME Y TIePeX0/] B PEe>KUM HaCTPOMKH 3TOTO IIpaBHIIa.
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KomaHnpa

match prefix IPv4PREFIX/MASK

metric-type { isis-levell-external
| isis-levell-internal | isis-
level2-external | isis-level2-
internal }

metric-value METRIC

priority RULE_PRIORITY

redistribute disable

exit

root

commit

Ha3umaueHue

VKasaHue QUiIbTpa, UCII0JIb3yeMOT0 I JaHHOTO IIpaBUJIa.
[Ipu yKasaHUM TaKOro QUJIbLTPA IIPAaBUJIO OYIeT
IeUCTBOBATh TOJIBKO Ha MAapPIIIPYTEL, CTPOTO COBIIA/IAIOIIUE C
3amaHHbIM IPv4PREFIX/MASK.

HasHauuTh Ha MapILpPyTH], IIPOIIE/IINe Yyepes3 JaHHOe
IIPaBHUJIO, METPHUKY COOTBETCTBYIOIIIETO THIIA.

VcTaHOBUTH 3HAUEHHE METPHUKHU [IJId MapIIPyTOB,
IIpoHIeIIINX Uepe3 faHHOe ITPaBUJIO.

YCTaHOBUTH IIPUOPUTET JAHHOIO IIpaBUJIa PeSUCTPUOYITHN.
[IpaBuia pefUCTPUOYITHH BBIIIOJHIOTCS 110 O4epesy OT
HU3KOTO0 3HAaUeHUs IIPUOPUTETAa K BHICOKOMY U
cpabaThIBAIOT I10 IIEPBOMY BXOXKIeHUI0. TaKuM 06pasoM,
MapILIPyT, II0IIaBIINH, HAIIPKMep, B IIepBOe IIpaBUJIO, OyeT
repezaH B IS-IS cortacHO HaCTPOEK 3TOr0 IIpaBHJIa U He
OyzeT 06pabaThIBaTHCS IIOCIEYIOIUMU IIPaBUJIAMU.

3amnpeTUTh peUCTPUOYIIUI0O MapIIPYTOB, IIOIABITHUX B
TeKylllee IIpaBUIO. [IpH BHITTOJTHEHUU JJaHHOM KOMaH/Ibl
TeKylllee IIPaBUJIO CTAHOBUTCS 3aIIPeIatoIUM.

BhIX0[, U3 pesKrMa HaCTPOMKU IIpaBuUJla pelUCTPUOYIIHH.
Jlajlee MOKHO HaCTPOUTS CJIeYIOIye IIpaBuia — I TOTO
’Ke CaMOT0 UCTOYHUKA, TUO0 A1 APYTUX UCTOYHUKOB
pefucTpUOYIIHH.

BBIXO/T B PEXKUM IJ106a/IbHOM KOHQUTYPAITHH.

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

IIpumep. Hacmpotixa npouecca IS-IS ¢ dgyms npaguaamu peducmpubyyuu connected-mapupymos.

router isis eltex-test
address-family ipv4 unicast

redistribution connected CONN-ISIS

match prefix 100.65.0.0/24

priority 10
redistribute disable
exit

redistribution connected CONN-ISIS-20
metric-type isis-levell-internal

metric-value 300
priority 20
exit
exit
interface loopback 1
address-family ipv4 unicast
exit
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passive
exit
interface tengigabitethernet 0/0/5
address-family ipv4 unicast
bfd fast-detect
exit
hello-padding disable
point-to-point
exit
interface tengigabitethernet 0/0/7
address-family ipv4 unicast
bfd fast-detect
exit
hello-padding disable
point-to-point
exit
host-name Router
ipv4-te-level level-2
level level-2
metric-style wide
exit
net 49.0001.0010.0100.1001.00
exit

AyreHTudukamusa IS-IS

MapipyTusaTopsl ceMelicTBa ME II03BOJISIOT HMCII0JIb30BaTh ayTeHTUQUKAILIUIO B IIPOTOKOJIE IS-
IS.

Jl1g ripoTokoJia IS-IS moaep KkuBaeTcs ABa BUa ayTeHTUPUKAIIHM:

* [1o6anbHasg ayTeHTUQUKaAIUs ypoBHs (level)—HacTpamBaeTcsa B pasfesie 'level' 6Js0ka
'router isis’';

* AyTeHTUUKAIIUS COCE[CTBA — HACTpPaUBaeTCs IIOUHTeppercHO B 6J10Ke 'router isis'.

JI7IT UCIIOJTb30BaHUS Ka’KIOTO ITepedrC/JIeHHBIX BHIOB HEOOXOAHMMO yKa3aThb TPeOyeMBIH THII
KOMaH/IoM 'authentication-type' ¥ 3amaTh KyIto4d KoMaHIoH 'authentication-key'.

Tabauuya 45. Hacmpotika 2enob6anbHoll aymeHmugukayuu ypoeHs IS-IS.

KomaHnpga HasHaueHue
configure [Tepexof B pesKUM IV1060aIbHOM KOHQUTYpaIluH.
router isis ISIS NAME ITepexof B pesKUM HaCTPOMKH IIpPoIiecca MapIlpyTHU3aI[UK

IS-IS c mmenem ISIS NAME.

level { level-1 | level-2 } Ilepexof; B peKUM HACTPOMKY IIapaMeTPOB YPOBHS 1 uiu
yPOBHA 2 (1711 060KX YPOBHEH IIapaMeTphl HaCTPauBaKTCSA
OTTHAKOBO).
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Komanpga HasHaueHue

authentication-type { hmacshal |  BriGop Tuma ayTeHTHOMKAIMH /IS BEIGPAHHOTO YPOBHS IS-

hmacshals6 | hmacsha3g4 | IS — HMAC-SHA1, HMAC-SHA256, HMAC-SHA384, HMAC-

hmacsha512 | md5 | none | simple- . )

password } SHA512, MD5 1160 IIpoCTOM I1apoJib (simple-password).
3ajaHre mapaMeTpa 'none' OTKJIIOYaeT ayTeHTUPUKAITHUIO
IJIS1 YPOBHSI, YTO COOTBETCTBYET IIOBEJIEHHIO T10
YMOJTUYQHUIO.

authentication-key { KEY_STRING | 3amgaHue KIioya 151 ayTeHTUPUKAITUU B OTKPHITOM

encrypted KEY_ENCRYPT } (KEY_STRING) n1u6o B 3amtippoBaHHOM (KEY_ENCRYPT)
BUJIE.

root BBIX0/T B peXKUM IJI00a/IbHOM KOHQUTYPAITUH.

commit [IpyrMeHeHMe TPOU3BeIeHHBIX HACTPOEK.

Tabauua 46. Hacmpotika aymeHmudguxayuu cocedcmaa IS-IS.

Komanpga HasnaueHue
router isis ISIS NAME Ilepexof B pesKMM HaCTPOUKH IIpoIiecca MapIIPyTU3alluu
IS-IS ¢ umeHewm ISIS NAME.
interface { tengigabitethernet |  [lepexop B perkuM HacTpOIKH MapaMeTPOB IIPOTOKOIA IS-IS
bundle-ether } num Tpe6yeMoro HHTepdeiica.
authentication-type { hmacshal |  BriGop Tuma ayTeHTHOHKAIMH /I COCEZICTBA Ha TEKyIeM
hmacsha256 | hmacsha3gd | urrepdetice — HMAC-SHA1, HMAC-SHA256, HMAC-SHA384,
hmacsha512 | md5 | none | simple- . }
HMAC-SHA512, MD5 11160 IIpoCTOM I1apoJib (simple-
password }
password).

3azaHre mapaMeTpa 'none' OTK/IIOYaeT ayTeHTUPUKAIIHIO
coce/ICTBa Ha UHTepdetice, UTO COOTBETCTBYET IIOBE/IEHUIO
I10 YMOJTYaHHIO.

authentication-key { KEY_STRING | 3amaHue KIioya sl ayTeHTUPUKAIITUU B OTKPHITOM

encrypted KEY_ENCRYPT } (KEY_STRING) n1u60 B 3amtuppoBaHHOM (KEY_ENCRYPT)
BUJIE.

root BBIX0/T B peXKUM IJ100a/IbHOM KOHQUTYPAITUH.

commit [IprMeHeHMe TPOU3BeJeHHBIX HACTPOEK.

ITpumep. BkaroueHue uHmep@eticHoll aymenmuguxkayuu IS-1S u aymeHmugukayuu coceocmea Ha
uHmepdgeiice.

router isis test

level level-2
metric-style wide
authentication-key level-password
authentication-type hmacshal

exit

interface tengigabitethernet 0/0/7
authentication-key neighbor-password
authentication-type hmac-md5
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exit
exit

[Ipy HecoBIIaJleHMM KJ/IIOYEM/TUIIOB ayTeHTUQUKALIUU COCeLCTBa MEXKAY ABYyMs
MapllIpyTH3aTopaMy He Oy/leT yCTaHaBJIMBAaTLCI COCEACTBO (ayTeHTUQUKAIIUA
pacpocTpaHsieTcd Ha nakeTsl ISIS Hello).

NOTE [Ipy HecOBIaJeHUU KJIHOUYel/TUIIOB ayTeHTUQUKAIIUH YPOBHSA MapIIpPyTHU3aTOPBI
MOIYT YCTaHOBHUTL COCEACTBO APYI C APYroM, OAHAKO He MOIYT IIepefaBaThb IpPYyT
OPyry MapuUIpyTHY HHGOpMaluo (ayreHTHQHUKAIUA pPacIpocTpaHdeTcd Ha
nakeTsl LSP/CSNP/PSNP).

IIpoBepka pa6oThI IS-IS U fUarHocTUYECKHEe KOMaH/IbI

show route isis

KomaHfa BBIBOAWUT MapIIpyThl, MMelolllecs B TabJuile MaplUpyTU3allUH, IIOJly4YeHHbIe U3
npotoxkoJa IS-IS.

ITpumep. show route isis

0/ME5100:Router#t show route isis
Tue Jun 12 00:44:30 2018
Codes: i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2
LET - ISIS levell external, LE2 - ISIS level2 external

i L2 4.4.4.4/32 via 100.100.14.0 [116/10], 00h12m42s, te 0/0/7
i L2 100.100.24.0/31 via 100.100.14.0 [116/20], 00h12m42s, te 0/0/7

Total route count: 2

show isis

KOMaH,El;a BBIBOJIUT 06Luee COCTOSAHHE U CTAaTHCTHUKY II0 KMEIOIEMYCs ITPOIECCY MapPIIPYyTHU3allK
IS-IS.

IIpumep. show isis
0/ME5100:Router# show isis

IS-IS Router eltex-test
System Id: 0010.0100.1001
IS Levels: level-2
Net: 49.0001.0010.0100.1001.00
Hostname: AR1
LSP full-suppress: external
LSP refresh-interval: 900 secs
LSP max-lifetime: 1200 secs
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Area-address: 49.0001
Topologies supported by IS-IS:

IPv4 Unicast

level-2
Metric style (generate/accept): wide

Redistributed ipv4 unicast:
none bgp redistributed
none ospf redistributed
none static redistributed
Connected routes redistribution is enabled via 'CONN-ISIS' rule
Connected routes redistribution is enabled via 'CONN-ISIS-20' rule

Redistributed ipv6 unicast:
none bgp redistributed
none ospf redistributed
none static redistributed
none connected redistributed

Interfaces supported by IS-IS
Tengigabitethernet 0/0/5 is up (active in configuration)
Tengigabitethernet 0/0/6 is down (active in configuration)
Tengigabitethernet 0/0/7 is up (active in configuration)
Loopback 1 is up (passive in configuration)

show isis database

KoMaH/1a BEIBOUT CofepsXUMoe 6a3bl JaHHBIX IS-IS ma sk3eMiursipa VRF 6o fjd ri1o6aabHOM
TabJIMITBl MapIIpPyTHU3aiuu. [Ipy yKkazaHuU napaMetrpa 'detailed’ 6yzeT BEIBOOUTHCS JeTaJIbHOE
cozepXuMoe nMmeroruxcsa LSP.

ITpumep. show isis database.
0/ME5100:Router#t show isis database

IS-IS Router test
IS-IS level-2 link-state database

LSP ID Sequence Checksum Lifetime Length Attributes
0010.0100.1001.00-00 @x11ab 0x632d 986 66 level-2
0010.0100.1001.00-01 @x11a8 0xa71b 517 57 level-2
0010.0100.1001.00-02 0x11c9 0xdof7 492 116 level-2
0040.0400.4004.00-00 0x11ac 0x24eb 726 66 level-2
0040.0400.4004.00-01 0x119f 0x57b1 719 64 level-2
0040.0400.4004.00-02 0x11bd 0x7848 692 116 level-2

Total LSPs: 6

show isis neighbors

KoMaH/1a BIBOJUT B TaGJIMYHOM BUJE CIIMCOK aKTUBHBIX cOcelel MpoToKoJIa IS-IS.
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IIpumep. show isis neighbors.
0/ME5100:Router# show isis neighbors

IS-IS Router AR31-17-151 adjacency:
System Id Interface State Type SNPA Hold
(sec) NSF BFD  Hostname

0050.0500.0032 te0/0/1.12 up level-1 0013.8083.3671 27
true none AR32-17.32

show isis interfaces
KomaHia BEIBOGUT COCTOSHME HHTEePPEMCOB, yYaCTBYIOIIUX B IIpOIiecce MapLIpyTHU3auy IS-IS.

ITpumep. show isis interfaces.
0/ME5100:Router# show isis interfaces tengigabitethernet 0/0/7 detailed
IS-IS Router eltex-test interface:

Tengigabitethernet 0/0/7
Last up: 03h12m04s ago
BFD Fast detect: IPv4 disabled, IPv6 disabled
Operation state: up
Disabled creating neighborhood on this interface: false
Hello padding: enabled
Circuit 3 way: enabled
LDP-IGP synchronization: disabled
T1 timer status: stopped
Media Type: broadcast
Used PDU: 1500
Administrative tag: 0
IPv4 Address Family: enabled
IPv6 Address Family: disabled
Circuit level: level-1-2

Level-1 Level-2
Designated ID 0050.0500.0031 0050.0500.0031
Designated Hostname Router Router
Priority 64 64
Metric 10 10
Authentication none none
Hello Multiplier 3 3
Hello Timer, sec 9 9
Minimum arrival interval, msec 0 0
CSNP retransmit interval, sec 10 10
LSP retransmit interval, sec 10 10
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show isis interfaces statistics

KomaHfa BBIBOJUT JleTaJIbHYI0 IIPOTOKOJILHYIO CTaTUCTUKY II0 MHTepdeicaM, y4aCTBYIOIIUM B
Ipoiiecce Mapipyrusamuu IS-IS.

IIpumep. show isis interfaces statistics.
0/ME5100:Router#t show isis interfaces statistics
IS-IS Router test

Interface: Tengigabitethernet®/0/3.4094

Level-1 Level-2
Received Sent Received Sent
Hello IS-IS PDUs 1479 4422 1471 4416
Hello ES-IS PDUs @ 0 0 0
Hello ES PDUs 0 0 0 0
LSP 47 96 50 100
CSNP 1 1161 1 1161
PSNP 2 0 2 1
Unknown packet 0 0 0 0
Discarded IIH 0 0 0 0
Discarded LSP 0 0 0 0
Discarded CSNP 0 0 0 0
Discarded PSNP 0 0 0 0
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HACTPOHKA ITPOTOKOJIA BGP

B maHHOM IvIaBe OIIMCaH IIPOIeCC HACTPOMKM IIPOTOKOJA JUHAMHUUYEeCKOM MaplipyTusanuu BGP
(Border Gateway Protocol).

IIpuHIUNIBI KOHQUTYPUPOBAHUA IPOTOKO1a BGP

Hacrpoiika BGP-mponecca

HacTpoiika 1poljecca [IHHaMWYeCKOM Maplipyrtusanuu BGP ©pou3BOAUTCA B  pasfeile
koHGUrypanuu 'router bgp <ASN>'. Ha ycTpoiicTBe BO3MOYKHO CO3[jaTh TOJIBKO OJHH IIPOIeCC
Maplpyrusaniiid BGP U, COOTBETCTBEHHO, 3a[aTh €QUHCTBEHHYIO JIOKAJIbHYI0 aBTOHOMHYIO
cucTeMy. BHYTpU JaHHOTO KOHQUTYpPaIllMOHHOIO 6J10Ka HacTpauBaeTcs BGP Kak /s 17106a/1bHOM
Tabsmmipl  Mapupyrusanuu  (Global Routing Table, GRT), Tak uW s HUMEWOIIUXCA Ha
MapuIpyTHusaTope sk3eMIIpoB VRE.

BHYTpH KaXk#0# U3 TabIu1l (r106a1bHOoM TabIuIlsl 1M60 VRF) MOKHO KOHQUIYPHUPOBATh:

 OGIITHe ITapaMeTpPhI paboThI ITPOTOKOIa BGP;
o IIpaBUJIa peAUCTPUOYITUHU MapIIPYyTHON HHPOPMAITUH;

* I[lepeyeHb IIPOTOKOJIBHBIX cocesield BGP, mocTynHbBIX B faHHOM VRF 11160 B GRT, U mapaMeTpsl
3TUX COCeflel.

GRT-cocenu u VRF-cocenu

JI1s1 co3maHus cocefla, CBI3SHOCTh C KOTOPBIM IIPOM3BOAUTCS Uepes3 ItobanbHyro Tabsuily (GRT-
cocesia), TpebyeTcd CKOHQUTYPHUPOBATh COOTBETCTBYIOIIWI OJIOK BHYTPH pasfesia 'router bgp
<ASN>".

ITpumep. Hacmpoiika coceda 8 GRT.

router bgp 65535

bgp router-id 1.1.1.1

neighbor 2.2.2.2
address-family ipv4 unicast
exit
remote-as 65535
update-source 1.1.1.1

exit

JlJ11 co3jaHus cocefia, CBI3HOCTH C KOTOPBIM IIPOM3BOAUTCS Uepe3 UMEIOIIUICT Ha YCTPOMCTBe
VRF (VRF-cocena), TpebyeTcsd CKOHPUIYPUPOBATh COOTBETCTBYIOIIUN OJIOK BHYTPH HOApasiesa
‘vrf <VRF_NAME>' pasmesia 'router bgp <ASN>'.

IIpumep. Hacmpolika coceda 8 ak3emnasipe VRF.

router bgp 65535
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vrf 13-2
bgp router-id 1.1.1.1
neighbor 172.16.0.0
address-family ipv4 unicast
exit
remote-as 65535
update-source 1.1.1.1
exit
exit
exit

B Tekymei Bepcuu II0 HeoO6XomuMO 3afaBaTh 'router-id' Kak B
IMPORTANT miobasbHOM  TabiMile  MapLIpyTH3allMM, TaK HW 9 KaKaoro
CKOHQUTYpUpOBaHHOTO B BGP sk3emriuisapa VRF.

AnpecHble ceMelicTBa U UX UaeHTHUKATOPEI (AFI/SAFI)

Peasmsanys nporokosia BGP Ha MapiIpyTusaTopax ceprud ME moggep;KuBaeT IIpHueM, mepefady 1
006paboTKy IyTel pa3/IMUYHbIX THUIIOB (aJ[peCHBIX CEMEVICTB).

B Teky1ei Bepcuu [10 peasir3zoBaHa pa6oTa co CIeAYIOIIUMHU aipeCHbIMU CeMeHCTBaMHU:

e IPv4 Unicast;
e VPNv4 Unicast;
e L.2VPN VPLS.

YacTh HACTPOMKHU IIPOTOKOJIa BGP MOXKHO IIPOU3BOAUTE OT/AEJIBHO I KaXKA0T0 U3 CEMENCTB.
KpoMme TOrO, Iy19 Ka’kKAOTO M3 IMPOTOKOJBHBIX COCefeil Ioffep>KKa KOHKpeTHbIX AFI/SAFI
BKJIFOYAeTCs OTEeIbHO.

ITo ymMosyaHHIO Ha IIPOTOKOJIBHEIX cocefax BGP Bce ajmpecHbIe ceMemcTBa
OTKJIIOYWeHBL. [lig  o6MeHa IIyTIMHU  COOTBeTCTBYIOIMX  AFI/SAFI
He0o0X0JMMO IBHO BK/IIHOYUTH HUX MOAAEP KKy KOMaHZoM 'address-family
<AFI> <SAFI>' B pasmesie kKoHUrypamuu BGP-cocena.

IMPORTANT

i VRF-cocenelt mofiep>KUBaeTCs TOJIBKO ceMeMCcTBO 'ipv4 unicast'. CeMelcTBa
NOTE 'vpnv4 unicast' m '12vpn vpls' MOryT OBITH HCIIOJB30BAHBI TOJMBKO 119 GRT-
cocefen.

Ilepegaua mapamMeTpoB community

[Io yMmoMYaHHIO IIapaMeTpebl community U extended community He IlepeJarTCa
CKOHQUIYPUPOBAaHHBIM COCe[AM (YAAILI0TCI U3 aHOHCUPYEMBIX ITyTein).

/1151 TOro, UT06BI COXPaHATh JAaHHBIE ITapaMeTpEl IIpU Iepenade BGP-coceny, ciefyeT IpUMeEHSTh
KoMaHJBI 'send-community' ¥ 'send-community-ext'.
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IIpumep. BkaroueHue nepedaqu napamempos community u extended community 048 GRT-coceda ¢
adpecom 2.2.2.2.

router bgp 65535
neighbor 2.2.2.2
send-community
send-community-ext
exit
exit

dubTpanusa MapIIpyTHON HHPOpMauu

/114 yIIpaBJleHUs aHOHCaMU IIPH UX OTIIpaBKe U IIOJIy4YeHUU UMEITCA [Ba MeXaHMU3Ma — KapThl
MaplIpyToB  (route-maps) U CHUCKH  IIpeUKCOB (prefix-lists).  IlpenBapUTeJIbHO
CKOHQUIYpUPOBaHHbBIe KapThl MAapIIpPyTOB M CIIKCKU IIPeQHUKCOB MOYKHO HCIIOJIB30BATh [JIA
¢MIBTPALIMM KaK I10JIy4aeMbIX OT COCe/la, TaK U OTIIPABJ/IsIEMBIX eMy ITyTel.

CrcKy IIpeUKCOB SBJIAITCA IIPOCTHIMU QUIbTPaMH, B KOTOPBIX IIPH COBIIAZIEHUHU C YCIOBUEM
¢uIbTpa IMpoBepsieMblll IIpepUKC MO0 paspelraeTcs, JUO0 3allpelfaeTcd. YCJI0BUEM I TaKUX
GUIBTPOB ABJIsIETC TOJIBKO COBIIaJieHUe IIpeduKca (CeTH/MacKH).

KapTel MapIIpyTOB SBJIAKOTCA 6ojiee CI0OKHBIMH (QHUIbTPaMH, KOTOpPbIe IIOMHUMO [eMCTBHSA
"paspelnTh/3alIpeTUTh" MOIYT TakKe MOAUOUIIMpPOBaTh BGP-aTpuOYTHI COOTBETCTBYIOIETO
IyTH.

KapThl MapLIpyTOB ¥ CIHCKM IIPpeQUKCOB IIPU OJHOBPEMEHHOM
HUCII0JIb30BaHUM (B HAIpaBJIeHUMM BXOoJa JHMO0 BBIX0JA) He HUMEHT

IMPORTANT IIpyopuTeTa JpPyr Hag [PyroM, OHHM IIPUMEHSIITCI K aHOHCaM
O0ZHOBpeMeHHO. TakuM 06pa3oM, aHOHC O6y/eT IIPUHAT (WU IlepefaH), eclIu
ero "paspelImin” U KapTa MapIIpyToOB, U CIIMCOK ITpeQHKCOB.

ITo ymosr4aHHIO IIPUHHUMAaeMbIe OT coce/la M OTIIpaBJjsieMble eMy aHOHCHI He
¢uiabTpyroTcd. TakuM o6pasoM, IIycTagd KOHOUIyparusa GUIbTPOB

IMPORTANT IIpUBeJeT K TOMY, 4TO cocefly OyAyT OTIIpaBJIeHBl BCe HMeEIOIHecs B
COOTBETCTBYIOII[EM aJIpeCHOM CeMeMCTBe MAapIIPyThl; TakXe OyAyT
IIPHUHATHI BCe IIPOAaHOHCHPOBAHHEIE COCEIOM ITyTH.

basoBas HacTpouka BGP-iporecca

Jlisi 6a3oBoM paboTocroco6HOCTH BGP-Tiporiecca Heo6GXOJUMO CO37aTh €ro B KOHQUTYpaIUH,
3a7aTh router id o1 yCTPOMCTBA M CKOHPUTYPUPOBATH COCEIEH.

Tabauua 47. bazosas Hacmpolika BGP-npouecca
KomaHa HasunauyeHue

configure [Tepexof B pesKUM IV106aIbHOU KOHQUTYpaIluHU.
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KomaHnpa

router bgp ASN

bgp router-id A.B.C.D

address-family ipv4 unicast

aggregate-address IPv4_PREFIX [
summary-only ]

exit

dampening

redistribution { connected | isis
| local | ospf | static }
RULE_NAME

exit

exit

neighbor A.B.C.D | A:B:C:D::X

description "STRING"

ebgp-multihop ttl MULTIHOP-TTL

max-prefixes PREFIXES

remote-as ASN

Ha3umaueHue

CoszmaHue mporiecca Mapiupyrusanyu BGP ¢ aBTOHOMHOM
CHUCTeMOM ¢ HoMepoM ASN U I1epexofi B PesKUM ero
HaCTPOUKHM.

HasHaueHUe JIOKAJILHOTO UleHTUUKATOpa
MapllpyTHU3aTopa. PeKoMeHyeTcs UCII0Ib30BaTh JJI 3TOMU
esiu [IPv4-anpec ogHOro us loopback-untrepdeticon
YCTPOMCTBA.

(OmoHanbHO) [lepexof B pesKUM HaCTPOMKU aipeCHOr0
cemerictBa [Pv4 Unicast.

CosfaHue arperupyroiero Mapuipyra. /laHHbIN MapIIpyT
OyZleT CYMMHPOBATh 60Jiee crieliupruyuHbIe IIpeGUKCHI IIPHU
nx Hasnnuuu. [Ipy yKkasaHuUM nmapaMeTpa 'summary-only' Bce
BXOZAIIHe Clle[MHUUHEBIe IIPePUKCh] Oy T II04aBJIeHEI (T.e.
He 6yZyT aHOHCUPOBATBLCS COCEISIM).

Bo3BpaT B pe’KUM HaCTPOUKHU ImapaMeTpoB BGP njg IPv4
Unicast.

BrUIrOUeHHMe MeXaHHU3Ma IT0/IaBJIeHUS MePITaHUs
MapIIPyTOB.

CospaHue IIpaBUIa pefUCTPUOYIIUU U IIePeX0/i B pPeXKUM
ero HacTpouku. [Togpo6Hee cM. paszes "Peguctpubynys
MapIIpyTHON MHGOpMAIIHU".

Bo3BpaT B pe’KUM HaCTPOUKHU ImapaMeTpoB BGP njg [Pv4
Unicast.

BosBparT B pesKMM HacCTPOMKH I1apaMeTpoB BGP. [laiee
MO>KHO HaCTPOUTH I1apaMeTpsl Apyrux AFI/SAFL

Co3maHue IPOTOKOJILHOTO cocenia (¢ IPv4- uiu IPv6-
azipecoM) U IIepeXxol B PesKUM HaCTPOMKHU ero rmapaMeTpPOB.

3azaHre TeKCTOBOU CTPOKU — OIIHCAHUA IIPOTOKOJIBHOI0
cocepa.

JlaHHas KOMaH/ia yKasbIBaeT, UTO JaHHLIU eBGP-coces He
SIBJIA€TCS HEIIOCPEICTBEHHO ITOAKI0UYeHHBIM K
MapIIpyTHU3aTOPy U U1 paboThl ¢ HUM Ha BGP-ceccuu
COOTBETCTBYIOIIIMM 06pa3oMm ciaenyeT yBeauduThb IP TTL co
crTaHAapTHOro 3HaueHud 1 10 ykasaHHoro MULTIHOP-TTL.

YcTaHaB/IMBaeT OrpaHUYeHHe Ha KOJIMYeCTBO I10JTydaeMbIX
0T cocefia IIpedUKCOB.

3azaeT HOMep aBTOHOMHOM cucTeMbl BGP-coceza. SIBisseTcsa
00s13aTeJIbHBIM I1apaMeTpOoM IIpU CO3[JaHUHU cocefia.
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KomaHnpa

send-community

send-community-ext

address-family { ipv4 unicast |
ipvb unicast | 12vpn vpls | vpnvd
unicast }

next-hop-self

prefix-list { in | out }
PREFLIST NAME

route-map { in | out }
ROUTEMAP_NAME

route-reflector-client

soft-reconfiguration inbound

exit

exit

root

commit

100

Ha3umaueHue

BKJIFOUaeT OTIpaBKy MapaMeTpa community B OTChLIa€MBIX
coce/ly aHOHcax. I1o yMoJIYaHHI0 TapaMeTphl community
YIQJISIOTCS U3 OTIIPaBJIIeMbIX aHOHCOB.

BxirouaeT OTIIpaBKy IlapameTpa extended community B
OTCBhLIIAEMBIX COCely aHOHCaxX. [Io yMoI4aHUI0 ITapaMeTphl
extended community yAanastOTCS U3 OTIIPABJIIEMbIX aHOHCOB.
11 KoppeKTHOU pa6oTsl AFI L2VPN, VPNv4/VPNvV6
OTIIPaBKYy extended community He0OX0JUMO BKJIHOYaTh.

BxurroueHue Ha JaHHOM cocCejie YKa3aHHOTIO aJpecHOoro
ceMelcTBa (00513aTeIHHO /I pa00THI COOTBETCTBYIOLIEH
AFI/SAFI) u ntepexo/i B pe>KUM HacTPOeK JaHHOT0
CceMemcCTBa.

IIpu yKasaHUHU SAHHON KOMaH/BI /IS BCEX OTIIPaBJ/IsIeMbIX
MapIIPyTOB B KauecTBe ITapameTpa next-hop 6ynet
yCTaHABJIMBATHCS afipec JAaHHOT0 MapIIpyTHU3aTopa.

YcTaHOBKa QUIbTPa IPePUKCOB I IPUHUMaeMBIX (in)
WUJIH OTIIpaBJIsieMBIX (out) aHOHCOB. COOTBETCTBYIOIUM
GUIBTP NIPePUKCOB LOJDKEH OBITH CO3/jaH B KOHQUIYpaIiuU
MapIIpyTHU3aTopa.

YcTaHOBKA "KapThl MapILIPYyTOB" I QUIbLTPALINH,
COOTBETCTBEHHO, IIPUHUMAaEMBIX (in) UIH OTIIPaBJIseMBbIX
(out) aHoHCcOB. KapTa MapIipyToB C UMEHEM,
COOTBeTCTBYIOIIUM ROUTEMAP_NAME, noJKHA ObITh
CO3/laHa B KOHQUI'ypalluX MaplIpyTH3aTopa.

YcTaHOBKA TEKYIIET0 IIPOTOKOJIBHOIO coceia B peskuM RR-
kyreHTa. Takomy iBGP-cocely 6yAyT aHOHCUPOBAThCS IIYTH,
I0JIydeHHBble 110 iBGP 0T IpyTUxX MaplIpyTU3aTOPOB CeTH.

BxurroueHHe BO3MOKHOCTH MATKOM PeKOHQUTYPaIlUU IIyTeM
XpaHeHHs BCeX IIOJIYYeHHBIX OT cOce/la aHOHCOB B
IIPOMEXKYTOYHOM Tabsulle. [lapaMeTp He peKOMeHAyeTCd K
IIPUMEHEHHI0 H3-3a JOII0JIHUTE/JIHLHOI0 PAacXo/ia pecypcoB; B
COBpeMeHHBIX peannusaruax BGP He06X0UMOCTh JaHHOTO0
QYHKIIMOHAaJIa CHIDKeHa 6J1arofaps CyIeCTBOBAaHHUIO route-
refresh capability.

BosBpaT B pe’KHUM HaCTPOMKH ITapaMeTPOB IIPOTOKOJILHOTO
cocesia BGP. /lajiee MOXKHO CKOHQUIYPUPOBATH APYyrHe
aJipecHble ceMeHCTBa /I YKasaHHOTIo coce/a.

Bo3BpaT B pe’KUM HaCTPOUKHU ImapaMeTpoB BGP. [laee
MOZKHO C03[aTh U HACTPOUTE JPYIUX IIPOTOKOJIBHBIX
cocefien.

BrIXoz, B pesKUM IVI06a/IbHOM KOHQUI'YPALIHHU.

HpI/IMeHEHI/Ie IIPOM3BENEHHBIX HACTPOEK.



ITpumep. Bazosaa Hacmpolika npomoko.ia BGP.

router bgp 65530
address-family ipv4 unicast
dampening
aggregate-address 100.100.0.0/16
exit
aggregate-address 100.64.0.0/16
summary-only
exit
redistribution connected CONN-10
set local-preference 120
set origin igp
exit
exit
bgp router-id 4.4.4.4
neighbor 2.2.2.2
address-family ipv4 unicast
route-map in Client
route-map out FULL
exit
address-family 12vpn vpls
exit
address-family vpnv4 unicast
exit
remote-as 65532
send-community
send-community-ext
update-source 4.4.4.4
exit
vrf 13-2
address-family ipv4 unicast
redistribution connected CONN
exit
exit
bgp router-id 4.4.4.4
neighbor 172.16.0.0
address-family ipv4 unicast
exit
remote-as 65532
exit
exit
exit

duIbTpaMAa MapIIPyTOB CIIUCKaAMM IpeUKCOB
(prefix-lists)

Criuckd TpedUKCOB IIPUMEHUMBI TOJBKO 711 GUIbTPAIIMU MapIIPyTHOM HMHPOpMaIuu U He
IpeHa3HavYeHb! 11 QUIbTPaIiUU TpadHKa.
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Cricku pe@UKCOB SIBJIIOTCS IIPOCTHIMU QUIBTPAMU C JeHMCTBUAMH "3allpeTUTh" (IpedUKC He
npouseTr dYepesd GumIbTp) U "paspemuTh’ (IIpedHKC HpouaeT dYepe3d uiabTp). Aaa HUX
HUCIIOJIb30BaHUA HeO0O0XOAMMO CO03/aTh B KOHQUIypallMM caM CIIMCOK IIpeQHKCOB, IIOCJIE Yero
Ha3Ha4YUTh ero COOTBETCTBYIOIIEMY COCeLy.

Tabauua 48. Hacmpolika cnucka npegukcos.

Komanpa

configure

prefix-list PREFLIST NAME

seq-num SEQ-NUM

prefix { A.B.C.D/N | X:X:X:X:X/N }

action { permit | deny }

le1..128
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HasxnaueHue
ITepexof B pesXuM Iv106a/IbHOM KOHQUTYPAIIH.

CospmaHue crmcka npeoukcoB PREFLIST NAME U 11epexof B
PEe’KHM ero HaCTPOMKH.

CospmaHue 3JIeMeHTa CITHCKa IIpepUKCOB C
COOTBETCTBYIOIIIHM HOMEPOM H II€PEXO0Jl B PEXKHM €ro
HacTpoiku. HoMep sjleMeHTa MOKeT IIPUHUMATh 3HaYeHUs
1-4294967295.

3amaHue 1peduKca, CpaBHeHHe C KOTOpPBIM OyzeT
IIPOU3BOUTHCS TAHHBIM 3JIEMEHTOM CITHCKA.

JleticTBUE, KOTOpOe oymer IIPOU3BOIUTHCS c
COOTBETCTBYIOIIMM IIpedHUKCOM, €cJd OH IIomaa IIOof,
yCJIOBHS SAHHOTO 3JIeMeHTa CIIHCKa.

ITo yMOTYaHHIO YCTAHOBJIEHO action permit.

VKasaHuUe JI0IO0JHUTEeIHHOTO YCJIOBUS Ha [JIMHY IIpeduKca
(less or equal, "mpepurc Kopoue SO0 paBeH 3aJaHHOTO
3HaueHUd").

B pmaHHOM ciydae 23sleMeHT QMIbTpa CTaHOBHUTCS
HEeCTPOTUM — B COYeTaHHUM C 33/laHHBIM prefix oH OygmeT
BKJIIOUaTh B Ce0s1 Bce Oosiee crerupuUHbIe IIPePUKCHI,
BXOJAIIHE B HETO ¥ UMEIOIIMe MacKy He JJIMHHee 3aJaHHOU
rmapamMeTpoM le.

Hampumep, KOMOGUHAITUS:

seq-num 10
prefix 100.64.0.0/16
le 24

exit

JacT GUIBTP, B KOTOPBIM IIONALYT BCe IIPePUKCHI,
nomnapatonfre B 100.64.0.0/16 1 uMerolire Macky ot /16 1o
[24.



Komanpga HasHaueHue

ge1..128 VKasaHMe [OIIOJIHUTEJILHOIO YCJIOBUSI Ha [UIMHY IIpeduKca
(greater or equal, "tipedUKC AJIUHHee JIUO0 paBeH 3aJaHHOI0
3HayeHUd").

B [maHHOM ciaydae 9jeMeHT QMIbTpa CTaHOBUTCSA
HeCTPOTMM — B COYeTaHUM C 3aJaHHBIM prefix OH OyzeT
BKJIIOUAaTh B Ce0s1 Bce Oojiee crerupuUHbIe IIPePHUKCHI,
BXO/AIIIMIe B HETO U UMeIOIIe MacKy He Kopoue 3aJlaHHOMU
IapamMeTpoOM ge.

KoMmb6uHarus:

seq-num 10
prefix 100.64.0.0/16
ge 20

exit

JacT OGUIBTP, B KOTOPBIM IIONALYyT BCe IIPePUKCHI,
nomnazatonive B 100.64.0.0/16 1 uMmeroiire Macky ot /20 10
/32.

exit BBIX0/T U3 pe)KhMa HAaCTPOMKH 3jieMeHTa CIIHMCKa QUIbTpa
npedukcoB. [ajee MOKHO CO3[aTh CJIeyrollre TpeOyeMmble
3JIEMEHTHI CITHCKA.

root Bo3BpaT B pekKuM I106aJIbHOM KOHQUTYpaITuU

router bgp ASN [lepexon B pesKUM HaCTPOMKHU Itporiecca BGP.

neighbor A.B.C.D | A:B:C:D::X Ilepexopn B pe’KuM HaCTpPOUKH I1apaMeTpoB BGP-coceza.
address-family { ipv4 unicast | Ilepexo, B PeKUM HacTpoek Tex AFI/SAFI, i KOTOPBIX

ipvb unicast | vpnv4 unicast } TpebyeTcs IIPUMEHUTh QUIILTP IIPePUKCOB.

prefix-list { in | out } VcraHoBKa ¢UIbTpa HPeUKCOB IS IIPUHUMAaeMbIX (in)
PREFLIST NAME HUJIN OTIIpaBJIsieMbIX (0ut) aHOHCOB.

root BBIXO/ B peKUM I7106a/IbHOM KOHQUTYpaIUH.

commi t [IpruMeHeHMe IPOM3BeIeHHBIX HACTPOEK.

ITpumep. Hacmpoiika u Ha3HaueHue Ha coceda Guabmpa npedukcos, Komopslil 6ydem nponyckams
mo/tbko mapupymsl, exooswiue 8 109.171.0.0/17 ¢ dauHoll macku om /20 9o /24, a makaice eOUHCMBEHHbLU
Mmapwpym 82.200.0.0/17:

prefix-list PREF-LIST-EXAMPLE

seq-num 10
prefix 109.171.0.0/17
ge 20
le 24

exit

seq-num 20
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prefix 82.200.0.0/17
exit
exit

router bgp 65535
neighbor 100.64.28.1
address-family ipv4 unicast
prefix-list in PREF-LIST-EXAMPLE

exit
exit
exit
[Io yMOJYaHUK Ka’KAbIM 3JIeMEeHT CIIMCKa IIpepUKCOB KMMeeT IIPaBHJIO
"permit". IIo yMOJYaHUI0 Ka>KAbIM CIIMCOK IpPePUKCOB HMeeT HesIBHOe
IMPORTANT

3aIpenanInee MPaBUIO B KOHIIE, TO €CTh ITPOXOK/eHNE BCEX MPedUKCOB
3aIIpeniaeTcs.

B cayuae, ecotu BGP-cocep nmoamep kuBaeT GQyHKIIMOHAI Route Refresh, He TpebyeTcs copoc ceccuu
(yim60 soft-pexoHOUTypaIlMg) OpPpU H3MEHEHUM MAapIIPyTHBHIX IIOJUTHK; 9TH IIOJIUTHUKU OyAyT
3aHOBO IIPUMEHEHBI aBTOMAaTUUeCKU. [[poBepUTh BO3MOKHOCTH COCe/la MOKHO KOMaHIOMU 'show
bgp neighbor':

0/ME5100:Router# show bgp neighbors 100.64.28.1 | i Capabilities

Capabilities sent: mp-ipv4-unicast route-refresh route-refresh-cisco four-
octet-as enhanced-route-refresh

Capabilities received: mp-ipv4-unicast route-refresh graceful-restart four-
octet-as enhanced-route-refresh

Capabilities negotiated: mp-ipv4-unicast route-refresh four-octet-as enhanced-
route-refresh
0/ME5100:Router#

duIbTpanusAa MapIIpyToB IOCPEeACTBOM route-map

Jlist OCYIIleCTBJIEHUS OJTHOBpPeMEeHHOM duIbTpauu u MOIUUKAITUHT
IIPUHUMAaEeMbIX/0TIIPaBJISIEMbIX AHOHCOB HCIIOIb3YIOTCS KapThl MapIIpyTOB (route-maps).

ITpaBmwIa paGoThI KAPT MapIIPyTOB:

1. KapTeI COCTOAT U3 HYMEPOBAHHBIX 3JIEMEHTOB (seq-num).

2. KaxkgpIii aJ1eMeHT MOYKeT CoZleprKaTh YCIOBUA COOTBETCTBUA (match).

3. Kaxxaplii ajleMeHT MOXKET CoZiepKaTh IIpaBujia MoAruUKaIliy aHoHc A (set).

4. KaXIbIH 9JIeMeHT JI0JDKeH coZiepsKaTh IIPaBUJIo "paspellnuTs” WA "3allpeTUTh" (action).
5

. dunbTpyeMble AaHOHCHI IIPOXOJAT IIOCIEef0BaTeJbHO BCe 3JIEMEHTHI route-map, OT
MEeHBIIIero seq-num K 60JIbIIIEMY, 10 IIepBOT0 cpabaThIBaHUS YCIOBHUS COOTBETCTBUA match.
[Ipu cpabaTeIBaHUU YCI0BUSA COOTBETCTBHUS K aHOHCY IIPUMEHSIOTCI
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CKOHQUTYPUPOBaHHbIe MOIUPUKAITUU set U BhIaeTCd IIOMETKA "paspentuTs” (permit) uium
"3arpeTuTh" (deny) B COOTBETCTBHMM C HACTPOMKOM 3jieMeHTa. /JlasibHeuInasgs o6paboTka
aHOHCA IT0CJIe 9TOT0 IIpeKpalaeTcs.

6. IIo yMOJTYaHUIO B KOHITEe KaXK/IOHM KapThl MapIIIPyTOB YCTAaHOBJIEHO HEeSIBHOE 3alIpelraroliee
mpaBuao. TakuM 06pas3oM, IIycTas route-map 3alpeTHUT BCe IIPONYIIeHHbIe uepe3 Heé

MapIIPYTHI.

OO01ue NpaBujIa HACTPOUKH KapT MapIIPyTOB

Tabauya 49. CozdaHue route-map.

KomaHnpga

configure

route-map ROUTEMAP_NAME

seq-num SEQ-NUM

set { comm-list .. | community ..

| ext-comm-1list .. | extcommunity
| local-preference .. | med

| nexthop .. | prepend .. | remove

.. | weight .. }

match { as-path .. | comm-list

| ext-comm-list .. | prefix-list
}

action { permit | deny }

HasnaueHue
ITepexop B peXuM 11062/ IbHOM KOHQUTYPALH.

CospmaHue KapThl MapIIpyToB ¢ uMeHeM ROUTEMAP_NAME
U IIepexo]; B Pe)KUM ee HaCTPOMKHU.

Co3pmaHue 3JIeMeHTa KapThl MapIIpyTOB c
COOTBETCTBYIOIIIUM HOMEpPOM U IIepexofi B PEXUM ero
HacTpoMku. HoMmep ajleMeHTa MOKeT IPUHHUMAaTh 3HaUeHUs
1-4294967295.

HasHaueHne mnpaBuia MogudUKanUy aHOHcA. [lepeueHb
IIapaMeTpPoOB 3aBUCUT OT THUIIA ITPaBUJIa MOTUPUKAITUH, CM.
B CJIeTyIOIUX pa3zesax.

11 KajKmoro ajieMeHTa KapThl MOJXKHO HAasHaAYUThH
HEeCKOJIbKO Pa3HOTUIIHBIX IIpaBUI Mo QUKAIIH,
HECKOJIbKO OJHOTHIIHBIX IIPaBUJI HAa3HAYUTL HEBO3MOXKHO
(HampuMep, I OZHOTO 3JIeMeHTa MOYKHO 3a/aTh IIpaBUjIa
set community m set remove, HO HeJIb3d HAa3HAYUTh
HEeCKOJILKO ITpaBuiI set community).

Ha3HaueHHe YCJIOBHSI COOTBETCTBUsS aHOHca. I[lepedyeHb
ITapaMeTPOB 3aBUCUT OT THIIA YCJIOBUS COOTBETCTBUS, CM. B
CJIEYIOIIHX pa3jiesax.

JUtd  KaKJOoro 3jleMeHTa KapThl MOXKHO Ha3HAYHUTh
HECKOJBbKO  pPa3sHOTHUIHBIX  YCJIOBHM  COOTBETCTBUS,
HECKOJIBKO OJJHOTHUITHBIX YCJIOBUH Ha3HAYUTh HEBO3MOKHO
(HammpuMep, AJIs1 OHOTO 3JieMeHTa MOXKHO 3aJ[aTh YCJIOBUS
match prefix-list u match as-path, HO Henb3s 3amaThb
HeCKOJIbKO yCcJI0BUHU match prefix-list).

IIpu HeO6XOAUMOCTH QUIbTPAIIUU AHOHCOB C Pa3IUYHBIMU
OJHOTHUIIHBIMH YCJIOBHAMH match TpebyeTcsi co3maBaTh
OTZeIbHBIE 3JIeMeHTHl KapThl MapIIpyToB, II0 OJHOMY Ha
Ka’Kk/ioe yCJIOBHE.

JleficTBUE, KOTOpOE GY/IET IIPOU3BOAUTECS C AaHOHCOM, eCJIH
OH IIOTTAJI I10]T YC/IOBHSI JAHHOTO 9/IeMEHTa CITHCKA.
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Komanpga HasHaueHue

exit Brixon HM3 peskMMa HACTPOHMKHM  3JIeMeHTa  KapThl
MapIIpyTOB. [asiee MOXKHO CO3aTh CIefyrolre TpebyemMble
9JIEMEHTEI CITHUCKA.

root BosBpaT B pe’kuM IVI06aJIbHOM KOHQUIypaIiuu

commit ITpuMeHeHMe IIPOU3BELeHHBIX HACTPOEK.
IIpumep. Hacmpotika route-map ¢ 08yms 316 MeHMAaMU.

route-map EXAMPLE-RM
seq-num 10
match as-path 765054(_[0-9]+)*_21127%
set local-preference 80
exit
seq-num 20
match prefix-list destination EXAMPLE-PRFLIST
match as-path 765054(_[0-9]+)*_197728%
set remove as-path 3216
set local-preference 150
exit
exit

IIpaBuia MogupUKaAIITH aHOHCOB

[IpaBmIa MogUPUKAITMH aHOHCOB 3a/Ial0TCSI BHYTPH 3JIEMEHTOB KapThl MapIIIPYTOB ITIOCPECTBOM
KOMaHHI 'set'. BUABI IIpaBUJI MOTUPUKAITHY IIPHUBEIEHEI B TaGJIHUIIE.

Ta6auya 50. Budsl npasun moduguxkayuu aHoHcos 'set'.

KomMmanpa HasnaueHue
comm-list { add | delete } Jo6aBUTh WM YyAAJUTH M3 aHOHCAa Habop community,
COMMLIST NAME 3aJlaHHBI COOTBETCTBYHILMM IIPAaBHJIOM ip-community

COMMLIST NAME.
community remove-all VIaJuTh BCe COmmunity U3 aHoHca.

community remove-all-and-set value VoanuTh BCe community M3 aHOHCA W A00aBUTH OIHY
{ 0-4294967295 | 0-65535:0-65535 | HOBYIO

accept-own | accept-own-nexthop |
blackhole | gshut | internet |
11gr-stale | local-as | no-
advertise | no-export | no-1llgr |
nopeer | route-filter-translated-
v4 | route-filter-translated-v6 |
route-filter-v4 | route-filter-vé

}
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Komanpga HasHaueHue

community set-specific value { 8- Jlo6aBUTH K aHOHCY OJJHY HOBYIO COMMUNity.
4294967295 | 0-65535:0-65535 |

accept-own | accept-own-nexthop |
blackhole | gshut | internet |
11gr-stale | local-as | no-
advertise | no-export | no-1lgr |
nopeer | route-filter-translated-
v4 | route-filter-translated-v6 |
route-filter-v4 | route-filter-vé

}

ext-comm-1ist { add | delete } Jlo6aBUTh WM YAAJIUThL W3 aHOHca Habop extended

EXTCOMMLIST NAME community, 3afflaHHBIN COOTBETCTBYIOLIUM IIPaBUJIOM 1ip-
extcommunity EXTCOMMLIST NAME.

extcommunity remove-all VoanuTh Bce extended community U3 aHOHCA.

extcommunity remove-all-and-set { VpanuTe Bce extcommunity M3 aHoOHca M YCTaHOBHUTH

rt | soo } value { AS:Nr(0-65535:0- yxasamnyo RT- rmm SOO-extcommunity.
4294967295, 0-4294967295:0-65535)

| IPv4:Nr(0-65535) }

extcommunity set-specific { rt |  JoGaBuTh ykasamHymo RT- mmu SOO-extcommunity.
soo } value { AS:Nr(0-65535:0-

4294967295, 0-4294967295:0-65535)
| IPv4:Nr(0-65535) }

local-preference LOCALPREF YcTaHOBUTL COOTBETCTBYIOIIlee 3HaueHMe Itapamerpa BGP
Local Preference.

med value MED VCTaHOBUTH COOTBETCTBYIOIlee 3HaueHUe IIapamerpa BGP
MED.

nexthop IPv4_ADDR | IPv6_ADDR YCTaHOBUTH COOTBETCTBYIOIIee 3HaUeHre BGP Nexthop

prepend as-path ASN YcTaHOBUTEH IpelreHAbl Ha mapameTp AS-PATH, cocTosiie

prepend times N U3 HOMepa aBTOHOMHOM cucTteMbl ASN, ITOBTOpeHHbBIe N
pas.

remove as-path ASN Vnanute u3 AS-PATH maHHOTO aHOHCA yKasaHHbIE HOMepa

ABTOHOMHBIX cucTeM ASN.

remove private-as Vnanute u3 AS-PATH pmaHHOro aHoHCa BCe NIpUBaTHEIE
HOMepa aBTOHOMHBIX cucTeM (RFC6996).

weight value WEIGHT YcraHOBUTH TapaMeTp weight.

Vc10BUA COOTBETCTBHUSA aHOHCOB

VCI0BUS COOTBETCTBUSI aHOHCOB 33/Ial0TCS BHYTPH 3JIeMEHTOB KapThl MapIIPyTOB IIPU ITOMOIIIH
KOMaH/IbI 'match’'. BUIBI YCIIOBHUH COOTBETCTBUS IIPUBE/IEHBI B TA0JIHIIE.

Tabauya 51. Buowl yc08uil coomgemcmausl AGHOHCo8 'set ',
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Komanpga HasHaueHue

as-path AS_REGEXP ITpoBepka AS-PATH aHOHCa Ha COOTBETCTBHE
IPUBEIeHHOMY peryJjsipHoMy BbIpaskeHUr0 AS REGEXP.
JomycTuMasag [JjIMHa PeryjagpHOro BbIpaskeHUd — a0 300
CHMBOJIOB.

comm-1ist name COMMLIST NAME  IIpoBepKa IIepedyHs community B aHOHCe Ha COOTBETCTBHE
3alaHHOMY community-uiabTpy (QUIBTP [IOJDKEH OBITH
CO3/laH KOMaH o1 " ip-community - COMMLIST NAME")

ext-comm-1ist name IIpoBepKa IepeyHs pacIlIMpeHHBIX community B aHOHCe Ha

EXTCOMMLIST NAME COOTBETCTBHE 3alaHHOMY extcommunity-¢uasTpy (QUIBTP
IOJDKeH OBITh CO3laH KOMaHAoM " ip-extcommunity"
EXTCOMMLIST NAME")

prefix-list destination [IpoBepKa mpedpurKca aHOHCA Ha COOTBETCTBHE YKa3aHHOMY

PREFLIST NAME ¢ouabTpy npeduKcoB. PUILTP HPePUKCOB HOJ/DKEH OBITh
CKOHQUTYPHUPOBAH OTHeJbHO KoMaHAoHM " prefix-list’
PREFLIST NAME".

prefix-list nexthop [IpoBepka mapamerpa BGP nexthop aHoHca Ha

PREFLIST NAME COOTBETCTBHE YKa3saHHOMY QHIBTPY IIPepUKCOB. PUIBLTP

npedUKCOB MIO/DKEeH OBITh CKOHQUTYPHUPOBAH OTAEIBHO
KoMaHjou " prefix-list’ PREFLIST NAME".

prefix-list source [IpoBepka agpeca BGP-crivkepa, OT KOTOPOro IIOJIyYeH

PREFLIST NAME aHOHC, Ha COOTBETCTBHUE YKa3aHHOMY QUIBLTPY IIPePUKCOB.
OUIbTP IIpedUKCOB [TO/DKEH OBITH CKOHQUIYPHUPOBaH
O0TAeIbHO KoMaHoU " prefix-list™ PREFLIST NAME".

Internal BGP u External BGP

CormracHO crenuuKayUaM IIPOoTOKosa, BGP-ceccuu pmesaTcs Ha [Ba TUIla — BHyTpeHHNe BGP-
ceccuu (Internal BGP, iBGP) u BHeltHue BGP-ceccuu (External BGP, eBGP).

* BuyrpeHHas BGP-ceccusa — 3T0 ceccus MesXay BGP-crimkepaMu 0HOM aBTOHOMHOM CHCTEMEBI;

* BHemruaa BGP-ceccust — 310 ceccusa Mexxay BGP-cririkepaMul pasHbBIX aBTOHOMHBIX CHCTEM.

MapIHPYTI/IBaTopLI cepuu ME OIIpeaes/IdiroT THUII CECCHMHM aBTOMATHYeCKH, COIIOCTaBJIAd HOMEP
CBOEM aBTOHOMHOM CHUCTEMEI C HOMEpOM aBTOHOMHOM CHUCTEMBI cocenma.

OCHOBHBIE OT/IMYHUTEIbHBIE 0C00eHHOCTH iBGP-ceccuii:
1. IIpy1 aHOHCHUPOBAHUU ITYTH I10 TAKOM CECCUU He u3MeHseTca napaMmeTp BGP nexthop;

2. AHOHCBI, IIOJydeHHBbIe II0 OoAHOM iBGP-ceccuu, BGP-criikep 00BSABJSAET TOJNBKO eBGP-
cocezsaM, HO He 1pyruM iBGP-cocemsam.

[l yIpaBJyieHUs JaHHBIM II0BeJleHHeM CYILeCTBYHT KOMaHJbI-AUPEeKTUBBI 'next-hop-self' u
‘route-reflector-client'. IlepBag KoMaH[a IIPUHYAUTEIbHO 3aJjaeT B 00BSIBIIAEMBIX aHOHCAX
cBori IP-ampec B kKauecTBe mapamerpa BGP nexthop. Bropasg KoMaHja BKJIIOUaeT Ilepenady
COOTBeTCTBYIOIIEeMY iBGP-coce/ly aHOHCOB, II0JIyYeHHBIX OT JPYTUX iBGP-cocesei.
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ITpumep. Hcnoav3osaHue komaHo 'next-hop-self' u 'route-reflector-client'.

router bgp 65535
neighbor 2.2.2.2
address-family ipv4 unicast
next-hop-self
route-map in STANDART-CLIENT
prefix-list out ANY
exit
remote-as 65535
route-reflector-client
exit

ADMUHHUCTPATUBHAas TUCTAaHITUA IPOTOKOIa BGP

AIMUHHUCTpPaTUBHAsA JUCTAHIIUA — 3TO I1apaMeTp, OIIpe/eISI0IIUN IIPUOPUTET BCeX MapIIPyTOB,
II0JIy4aeMBbIX M3 COOTBETCTBYIOIEI0 MCTOYHMKA. ECJIM OAMH M TOT JKe MapIUpyT CHUCTeMa
IoJIydaeT U3 PasHbIX UCTOUYHUKOB (HallpuMep, U3 IIPOTOKOJIA AUHAMUYECKOM MapIIpyTU3allud U
U3 CTaTUYeCKHU IIPOIIMCAHHOIO MapIIpyTa), TO OyJeT BbIOMpPATbCA MapIIpPyT M3 HMCTOYHUKA C
MeHbIlle aJMHUHUCTPAaTHBHOM [UCTaHIMeH. B ykKasaHHOM IIpHMepe II0 YMOJYaHUIO OyneT

BBIOpaH CTaTUUEeCKUN MapIIpyT.

3HaueHUs AIMUHUCTPATUBHOM [AUCTAHIIUM II0 YMOJIYAaHUIO IIpUBEJeHbl B Tabiuie (IIpu

IIPUHATHU PEIIeHrA MEHbIIIEeE€ 3HAUYEHUE ABJIAETCA JIyLIH_II/IM):

Tabauua 52. 3HAUEHUS AOMUHUCMPANUBHOU OUCMAHUUU.

IIpOTOKOJI/MUCTOYHHUK AnvuHucTpaTUBHAA fucTaHuus Ilpumopurer
[TpucoenuHeHHEbIe (connected) MapmpyTsl 0 1
CraTuyeckue (static) MapIIpyThI 1 2

External BGP 20 3

OSPF 110 4

IS-IS Level-1 115 5

IS-IS Level-2 116 6

Internal BGP 120 7
3HaueHUs aJMUHUCTPATUBHOMN AUCTAHIIUU MOKHO U3MEHUTh.

Tabauya 53. Hacmpotika ad MUHUCmpamugHoti ducmanyuu 018 npomokoaa BGP.

Komanpga HasHaueHue

configure [Tepexof B pe>XUM IVI00aJIbHOM KOHQUI'YPaIIHHU.

router admin-distance Ilepexofi B pe>KUM HaCTPOHKHU pasfiesia af/MUHUCTPaTUBHOM

OUCTaHITWUH ITPOTOKOJIOB.



KomaHnpa

bgp external 0..255

bgp internal 0..255

root

commit

Ha3umaueHue

3azaHye 3HaYeHUS aSMUHUCTPATUBHOU [UCTAHIIUU IS
MapupyToB eBGP.

3aZjaHye 3HayYeHWsd aJMUHUCTPAaTUBHON AUCTAaHIIUU [JId
MapIupyToB iBGP.

BosBpaT B peskUM IVI00aJIbHOM KOHQUIYpaIuu

HpI/IMeHEHI/Ie IIPOM3BENEHHBIX HACTPOEK.

IIpumep. H3meHeHUe adMUHUCMPamugHoU ducmaHyuu 013 eBGP.

router admin-distance
bgp external 112

exit

NOTE

3HaueHUd aﬂMHHHCTpaTHBHOIZ OAUCTAHIIWUH, 3aJaHHbIE€ II0 YMOJ/JIYaHHUIO, SABJIAIOTCA

OIITUMAaJILHBIMU. He cilenyeT u3aMeHATh UX 0e3 IBHOU HeOGXO,III/IMOCTI/I.
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HACTPOHKA MPLS-KOMMYTAIINH U
ITPOTOKOJIA LDP

B maHHOM IvIaBe pacCMaTPUBAIOTCA IIPUHITUILI HACTPOUKH MHPpacTpyKTypsl MPLS (Multiprotocol
Label Switching) 1 mpoTokosia LDP.

Heo0xoauMpble Iaru

Jl11 oATOTOBKU UHGpaCTPyKTYyphl MPLS B kKadyecTBe TpaHcropTa 1yig L2VPN- u L3VPN-cepBUCcOB
TpebyeTcs IIPOU3BECTH CIIeAYIOIIHe NeMCTBUL:

1. OmpeziesiiTE UHTEPQENCh], KOTOPble OYAYT KMCIIOJIb30BAThHCA /I COeJUHEHUS C COCeLHUMHU
MPLS-MapiipyTusaTopaMy;

2. HacTpouTh Ha yCTPOMCTBE M HAa COOTBETCTBYIOIIMX MHTepdericax TpebyeMbli IIpOoTOKOI IGP
(OSPF 6o IS-IS);

3. HacTpouTh Ha YCTpPOMCTBE M Ha COOTBETCTBYIOIIUX HHTepdercax IIPOTOKos LDP mia
pacipocTpaHeHusa TPaHCIOPTHLIX MPLS-MeTOK.

KoHeYHBIM pe3ysIbTaTOM HaCTPOUKU SBJSIeTCS HaJIW4YHhe TPAHCIOPTHBIX METOK B TabJsmie mpls
ldp forwarding:

IIpumep. Bvigod 'show mpls 1dp forwarding':

0/ME5100:Router# show mpls 1dp forwarding

Codes:
R = Remote LFA FRR backup

Prefix Label(s) out Outgoing Interface Next Hop flags
2.2.2.2/32 ImpNull te 0/0/5 100.100.12.1
4.4.4.4/32 ImpNull te 0/0/7 100.100.14.0

0/ME5100:Routert

IIpeaBapuTesbHas HacTponka IGP

HacTpoiika IIpoToK0JI0B BHyTpeHHero 1uIr3a IGP (IS-IS u OSPF) ommcaHa B COOTBETCTBYIOLIUX
paszesax JaHHOTO PyKOBOACTBA. B 061ieM ciayyae TpebyeTcss IIpoBeCcTU 6a30BYH0 KOHQUIYpAIIUIO
U BKIroueHUe IGP Ha nHTepdelicax K COCeJHUM MapILIpyTHU3aTOpaM.

[ToMuMO 3TOro, HeOo6XOAWMO BBIOpaTh Ha YyCTpoMCcTBe loopback-uHTepderic B I106aJbHOM
TabJyvile MapIIpyTU3alllM, ajfpec KOTOporo OyheT HCIIOJIb30BAaTLCI B KauecTBe router-id masa
npoTokosioB IGP u LDP, ¥ TakyKe BKJIKOUUTH €ro B IIpoliecc MapuipyTusanuu IGP (bkesaTeJbHO B
IIaCCUBHOM pe’kKume).
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ITodzomoska koHguzypauuu IGP Ha npumepe npomokoaa IS-IS:

interface tengigabitethernet 0/0/5
mtu 9192
description "to AR2(2.2.2.2) te 0/0/5"
ipv4 address 100.100.12.0/31

exit

interface tengigabitethernet 0/0/7
mtu 9192
description "to DR1(4.4.4.4) te 0/1/7"
ipv4 address 100.100.14.1/31

exit

interface loopback 1
ipv4 address 1.1.1.1/32
description "Main loopback"
exit

router isis test

interface loopback 1
address-family ipv4 unicast
exit
passive

exit

interface tengigabitethernet 0/0/5
address-family ipv4 unicast

bfd fast-detect

exit
hello-padding disable
ldp-igp-synchronization
point-to-point

exit

interface tengigabitethernet 0/0/7
address-family ipv4 unicast

bfd fast-detect

exit
hello-padding adaptive
point-to-point

exit

host-name Router

ipv4-te-level level-2

level level-2
metric-style wide

exit

net 49.0001.0010.0100.1001.00

exit

B mpomecce HacTpoWMKM NOpoToKosia LDP Heo6X0AMMO IIPOBEPUTH HaJIWyhe B Tabiulle
MapIIpyTHU3aluUu BCeX IIyTel, I KOTOPBIX IIpeAIIoaraeTcs BhlZieJleHUe TPaHCIIOPTHBIX MeTOK.
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TpaHcOpTHBIe MeTKU OYAYT BbIIeJeHBbl TOJBKO I TeX IIyTeld, KOTOpble UMEeIT KOPpPeKTHHIe
MapuIpyTsl B IGP U /11 KOTOPBIX IT0JIyYeHbl COOTBeTCTBYI0IME LDP Label Mapping.

HacTtporiika nporokosa LDP

/1714 3a1ryCcKa ¥ HaCTPOMKM IIpoToKosia LDP Heo6XoauMo:

1. 3agate router-id gja LDP (pekoMmeHzyeTcsa BBIOpaTh "OCHOBHOM" loopback-uHTepderic U B
KauecTBe Router ID B34Th ero agpec, komagzaa 'mpls ldp router-id');

2. BKIIOUUTH Ha UHTepdericax B CTOPOHY COCeZiel mporecc aBToo6HapykeHus LDP (komaHAaMu

'mpls ldp discovery interface');

3. BkirouuTh Ha HMHTep¢eiicax B CTOPOHY cocenei Iporiecc MPLS-KoMMyTanuu (KOMaHZaMH

'mpls forwarding interface');

4. BKJIWOUYUTL B TIIpoTokos LDP

cooTBeTCTBYIOIHEe loopback-uHTepderickl yCTpOMCTBA

(xomaHgamu 'mpls forwarding interface').

MapmipytusaTopsl cepuu ME aHoHcUpYOT cocensaMm 110 LDP TOJBKO cBOU
loopback-unTepdericel, BkiroueHHble B LDP komanHzmo# 'mpls forwarding

IMPORTANT

interface'. B ciy4ae, ecoid JusaiH CeTH IpejIiosiaraeT aHOHC B LDP Takke

U aJpecoB ceTell 00BIUHBIX UHTEPEHCcoB, TpebyeTcsl 0TAe TbHAsI HaCTpoHKa
peaucTpubyiu connected-ceteit koMaHIoMU 'mpls ldp address-family ipv4
unicast redistribution connected"'.

Tabauua 54. bazosast Hacmpotika LDP.

KomaHnpa

configure

mpls

router-id IPv4 ADDR
penultimate-hop-popping disable

transport-address IPv4 ADDR

1dp

HasunaueHue
ITepexof B pesXuM Iv106a/IbHOM KOHQUTYPAIIH.

[Iepexo/; B peXKUM HACTPOMKU IIapaMeTPOB U IIPOTOKOJIOB
MPLS.

3azanue Router ID myig rportecca LDP.

(ommmmmoHanbHO) OTKIOUeHHMe MexaHusma MPLS PHP
(cHATHUS  TPaHCIIOPTHOM MeTKH Ha IpeJIocjiefHeM
MapIIpyTe).

[t IpUMeHeHUsd JaHHOM
HaCTPOMKHU IIOTPebyeTCsI BPYUYHYIO
IepeyCTaHOBUThH LDP-ceccun C
COCeJsIMH.

IMPORTANT

(omoHaNbHO) 3aJaHue TPAHCHOPTHOTO ajpeca I
npotokosia LDP. PekoMeHyeTcd SIBHO 3a/laBaTh [JaHHBIA

azipec.

Ilepexof B pesKHM HAaCTPOHMKHU IPOTOKoJIa LDP.
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KomaHnpa

discovery interface {
tengigabitethernet | bundle-ether
| fortygigabitethernet |

hundredgigabitethernet } num

bfd fast-detect

shutdown

exit

neighbor IPv4 ADDR

hello-holdtime SECONDS
holdtime-interval SECONDS

bfd fast-detect

shutdown

root

commit

Ha3umaueHue

JlobaBiieHHe  COOTBETCTBYIOIlEr0  HHTepderica (6o
cabuHTepderica) B IIpoilecC aBTOOOHapyKeHuUs1 LDP u
mepexoZl B PeXWM HaCTPOMKU IapaMeTpoB LDP g
IaHHOTO UHTepdeica.

(ommmoHasbHO)  BrutoueHwe — 1porokosta  BFD A
0O0Hapy>KeHHBIX coce/lel Ha JaHHOM UHTepderice.

(onmuoHasbHO)  [JeakTtuBanusgs LDP  discovery  Ha
HHTepderice.

BosBpaT B pesKMM HaCTPOMKH IIpoTOoKojIa LDP.

Co3manue B KoHUTypaluu targeted-cecCHHM C yKa3aHHBIM
COCe/IoM U ITepexofl B pesKUM HaCTPOUKHU 3TOH CEeCCHUH.

CospmaHue targeted-ceccuil TpebyeTCs TOJIBKO
B ciaydae ucnoosb3oBaHua L2VPN c¢ LDP-
CUTHa/Iu3aIen, CM.COOTBETCTBYIOIIIHHI
paszges PyKoBo/CTBA.

NOTE

(OnmmoHanbHO) HacTpoiika COOTBETCTBYIOIUX TaliMepOB
Ha targeted-ceccumu.

(OmmoHanbHO) BriltoueHWe Ha JaHHOM targeted-ceccuu
rnpotokoJsa BFD.

(OnnmoHanbHO) AIMUHHUCTPAaTUBHOE OTK/IIOUEHHEe NaHHOU
targeted-ceccumuu.

BosBpart B pesXuM I100a/IbHOU KOHQUTYpaIlHU.

HpI/IMEHEHI/Ie IIPOMU3BENEHHBIX HACTPOEK.

Tabauya 55. BkaroueHue kommymavuu MPLS Ha uHmepdgelicax.

KomaHnga

configure

mpls

forwarding

interface { loopback |
tengigabitethernet | bundle-ether

} num

commit
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Ha3sHnaueHue
ITepexof B pesXuM Iv106a/IbHOM KOHQUTYPALIHAH.

[Iepexo/; B peXKUM HACTPOHKHU ITapaMeTPOB M IIPOTOKOJIOB
MPLS.

Ilepexoy B peXUM HACTPOUKU IapamMeTpoB MPLS-
KOMMYTAaIllH Ha YCTPOMCTBeE.

BxiroueHnve MPLS-koMMyTaniy Ha JaHHOM UHTepdelice
6o cabuHTepdeiice. O6s13aTeILHO BKIOUEHNE B TaHHBIN
CIIUCOK Takke TeX loopback-uHTepdeiicoB, KOTOpBIE
IUIAHUPYeTCsI aHOHCUPOBATh cocensam 1o LDP.

[IpuMeHeHMe IIPOU3BeJeHHBIX HACTPOEK.



ITIpumep. Hacmpotika MPLS LDP Ha d8yx uHmepdgerticax.

mpls

forwarding
interface tengigabitethernet 0/0/5
interface tengigabitethernet 0/0/7

exit

ldp
discovery interface tengigabitethernet 0/0/5
exit
discovery interface tengigabitethernet 0/0/7
exit
neighbor 2.2.2.2

bfd fast-detect
exit
neighbor 4.4.4.4
bfd fast-detect

exit

exit

router-id 1.1.1.1

transport-address 1.1.1.1

exit

LDP-IGP cuHxpoHHu3anmus

Jl71s1 ceTel, UCIOIB3YOMUX LDP, iMeeTcs BCIIOMOraTe/IbHbIM MeXaHU3M, IIOMOTarIIUi 136eKaTh
OIMMO0YHOI0 HalpaBjeHUd Tpaduka B HepaboTocmocobHoe coemuHeHUe (blackhole). /laHHBIN
MeXaHU3M HasblBaeTCd CHHXpoHusalmel LDP-IGP U mpegHasHayeH JId9 UCIOJIB30BaHUI Ha TeX
COoeJUHEeHUSX, I7e NO/DKHBI OMHOBpeMeHHO pa6oTaTh LDP 1 ipoToKob! IGP.

MexaHU3M U IIPUHITUIIBI €0 paboTel omrcaHbl B RFC5443 ("LDP IGP Synchronization”).

CyTb paboThl JaHHOIO MeXaHW3Ma 3aKJII4YaeTcs B TOM, YTO IIPU OTCYTCTBUM aKTHUBHBIX LDP-
COCeICTB Ha TOM UHTepderice, Ime OHU OBITH MOJOKHBI, HpPOoTOKoa IGP (IS-IS mau OSPF)
aBTOMaTUYeCKU yBeJINUMBaeT CTOMMOCTD JAHHOIO UHTepderica C I1eJIbI0 MaKCUMaIbHO HaJle)KHO
UCKJIIOUUTH ero U3 IIyTey IIPOX0’KAeHUs TpaduKa.

JTOT MeXaHU3M II03BOJISIET WCK/IIOUUTH CUTyaI[uH, KOIZa M3-3a OIMHOKM B KOHOUTYpAIlUH WA
cbosix B paboTre cucteM TpaduK OyfeT HaIpaBJATHCI B COENUHEHHs, Ha KOTOPBIX IIPO/IOJDKAET
paboTaThk IGP, HO mepecTaJs pa6oraTs LDP.

BxuIroueHHe JaHHOTO MeXaHW3Ma IIPOU3BOAUTCS HOMHTepdeicCHO B KOHQUTYPAITMOHHBIX 6JI0KaxX
npoToKoJIoB IS-IS it OSPF komanmo# ' 1dp-igp-synchronization'.

ITpumep. BkaroueHue LDP-IGP cuHxpoHusayuu Ha uHmepgetice npomoko.a IS-IS:

router isis eltex-test
interface tengigabitethernet 0/0/5
ldp-igp-synchronization
exit
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exit

IIpumep. BxaroueHue LDP-IGP cuHxpoHusayuu Ha uHmepdgetice npomoxo.ia OSPFv2:

router ospfv2 test
area 0.0.0.0
interface bundle-ether 7.400
ldp-igp-synchronization
exit
exit
exit

BxiroueHue B LDP 1ono/THUTE/IbHBIX HHTEPPEencoB
(pegucTpuOyIHIA)

I[Io ymosuaHur IpoTokoa LDP ¢opmupyer label mappings Tonbko mmsg agpecoB loopback-
UHTeperCoB CUCTEMBI.

B ciyuae, eciu Au3aliH CeTH IIpefriosiaraeT aHOHC B LDP TakoKe M ajpecoB ceTell OOBIYHBIX
UHTepdelrcoB (a TaxkKe MapIIPyTOB, IIOJy4eHHBIX 0T BGP), Tpebyercd OThesibHas HaCTpOMKa
penucTpubyniiu  connected-cerert KoMaHmou 'mpls  ldp  address-family  ipv4  unicast
redistribution connected"'.

Tabauua 56. Peducmpubyuyus 6 LDP.

Komanpa Ha3HaueHue

configure [Tepexof B pesKUM IV1060aIbHOU KOHQUTYpaIluH.

mpls [lepexon B pesKUM HACTPOMKHU IIapaMeTPOB U IIPOTOKOJIOB
MPLS.

Ldp [Tepexof B pe’XKUM HaCTPOUKHU IIpoToKosa LDP.

address-family ipv4 unicast Co3flaHHe IIpaBHJIa PeUCTPUOYIIUY ¢ UMeHeM RULE_NAME

redistribution { connected | bgp |

U3 yKasaHHOro ucroyHuka (bgp/connected/local) 1 nepexog
local } RULE_NAME

B PEXKUM HACTPOHKHU 3TOTO IIpaBHUIIA.

match prefix IPv4PREFIX/MASK (ommyoHasbHO) VKasaHue QUIbTPa, HCI0JIb3YeMOIo s
JaHHOTIO IIpaBUJIa.
IIpy yKasaHUM TakKoro GQHJIbTpA IIPaBHIO OyAeT
JleFICTBOBATh TOJIBKO Ha MAapIIPyThl, CTPOr0 COBIIAJAOIIIMIe
¢ 3agaHHBIM IPV4PREFIX/MASK.

priority RULE_PRIORITY VCTaHOBUTH IIPHUOPUTET JAHHOTO IIPaBUJIa PeJUCTPUOYITUU.
[IpaBWIa PegUCTPUOYIIUU BBIIIOJHAKTCA II0 O4Yepegu OT
HU3KOIO 3HAueHus I[IpUoOpUTeTa K  BBICOKOMY U
cpabaThIBalOT II0 II€PBOMY BXOXKIeHHI0. TakhuM 06pasoM,
MapIIpyT, [I0IIaBIIUN, HAIIpUMep, B IIepBOe IIpaBUJIO, OyAeT
rnepefsad B LDP corracHO HacTpoek 3TOrO IIpaBMja U He
OyzeT o6pabaThIBaTHCA I10CIEeAYIOIUMHU IIpaBUIaMHU.
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Komanpga HasHaueHue

redistribute disable 3alpeTUTh pPeJUCTPUOYIIHMI0 MapIIPyTOB, IIONABIIMX B
TeKyllee IpaBuo. IIpY BBEIIOJIHEHHM JaHHOH KOMAaHJIBI
TeKylIlee IPaBUJIO CTAHOBUTCS 3aITpelIlaloIkM.

exit BeIX0[ 13 pesKriMa HaCTPOUKHU IIpaBUJIa PeIUCTPUOYITUU.
Jlajiee MO’KHO HACTPOUTH CJIeYIOIMe IIpaBuia — IJIsi TOTO
JKe CaMOro HCTOYHUKA, JUO0 [JjIs1 IPYyTUX HCTOYHUKOB

pesucTpUOYIIH.
root Bo3Bpar B peKuM I71I06aIbHOU KOHQUTYPaIIUH.
commit [TprMeHeHMe IIPOKM3BeIeHHBIX HACTPOEK.

ITpumep. Hacmpolika peducmpubyuuu, komopas no3goum LDP 06s568/19mb Memku 014 connected-
cemeil ecex uHmepdgeiicos, 3a uckaroueHuem 100.100.12.0/31.

mpls
1dp
address-family ipv4 unicast redistribution connected LDP-CONN10
priority 10
redistribute disable
match prefix 100.100.12.0/31
exit
address-family ipv4 unicast redistribution connected LDP-CONN20
priority 20
exit
exit
exit

IIpoBepka padoThI mpoTOKOoJIa LDP 1
AUArHOCTUYeCKHe KOMaH/AbI

show mpls ldp bindings

Komanza BeiBOIUT JI0KaIbHbIe ('local') u ynanerHsle (‘remote') FEC/MeTKH. I0CTYIIHBI QHUIBLTPEI
110 MeTKaM, cocegaM uiu npedukcy FEC.

IIpumep. show mpls ldp bindings remote
0/ME5100:Router# show mpls 1dp bindings remote

2.2.2.2/32
local binding: 2.2.2.2:0, label 3
State: mapping-established, type: prefix
Interface: Tengigabitethernet 0/0/5
2.2.2.2/32
local binding: 4.4.4.4:0, label 821
State: mapping-liberally-retained, type: prefix
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Interface:
2.2.2.255/32
local binding: 2.2.2.2:0, label 3
State: mapping-liberally-retained, type: prefix
Interface:
4.4.4.4/32
local binding: 2.2.2.2:0, label 426
State: mapping-liberally-retained, type: prefix
Interface:
4.4.4.4/32
local binding: 4.4.4.4:0, label 3
State: mapping-established, type: prefix
Interface: Tengigabitethernet 0/0/7
0/ME5100:Router#

show mpls ldp forwarding

KomaHza BBIBOAUT TaOIUIly aKTUBHBIX LSP. JlocTynmHBl GUABTPEI 10 nexthop u 1o mpeduxcy
HasHaYeHUsI.

ITpumep. show mpls ldp forwarding
0/ME5100:Router1# show mpls 1dp forwarding

Codes:
R = Remote LFA FRR backup

Prefix Label(s) out Outgoing Interface Next Hop flags
2.2.2.2/32 437 te 0/0/5 100.100.12.1
4.4.4.4/32 ImpNull te 0/0/7 100.100.14.0

0/ME5100:Router 1t

show mpls 1dp igp sync
BriBopg cocTogHUs LDP-IGP cMHXpOHU3alluy Ha UHTepdericax.

ITpumep. show mpls ldp igp sync.

0/ME5100:Router1# show mpls 1dp igp sync
Thu Jan 24 16:35:03 2019

LDP-ISIS sync

Interface LDP state Metric
te 0/0/5 up normal
te 0/0/6 down maximum
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LDP-0SPF sync

0/ME5100:Router1#

show mpls ldp neighbors
BrIBOJI IIepeyHs, COCTOSIHUA U CTaTUCTUKU 110 LDP-coceam CHUCTEMEI.

ITpumep. show mpls ldp neighbors.

0/ME5100:Router# show mpls ldp neighbors detail

LDPv1 peer: 1.0.0.1:0
Current state: operational, role: active
TCP connection: 1.0.0.1, MD5 off
Label distribution method: downstream-unsolicited
Session uptime: 03h46m@6s
Keepalive interval: 7 secs
Session holdtime: 40 secs (own 40 secs, peer 40 secs)
Next keepalive in: 4 secs, session expires in: 37 secs
Established adjacencies:
link, bul, holdtime: 14 secs, bfd: none (not-required)
targeted, with 1.0.0.1, holdtime: 34 secs, bfd: none (not-required)
Negotiated maximum PDUs length: 4096 octets
Graceful Restart support: peer is false, local is false
Peer reconnect time: @ secs, recovery time: @ secs
Addresses bound to session:
1.0.0.1
192.168.55.2
192.168.55.5
192.168.55.17
Labels received from neighbor:
3, type: prefix, installed: yes, bul
27, type: prefix, installed: no
Stats:
0 unknown message count, @ unknown tlv count

LDPv1 peer: 1.0.0.2:0

Current state: operational, role: active
TCP connection: 1.0.0.2, MD5 off
Label distribution method: downstream-unsolicited
Session uptime: 03h46m47s
Keepalive interval: 7 secs
Session holdtime: 40 secs (own 40 secs, peer 40 secs)
Next keepalive in: 4 secs, session expires in: 37 secs
Established adjacencies:

link, bu2, holdtime: 10 secs, bfd: none (not-required)
Negotiated maximum PDUs length: 4096 octets
Graceful Restart support: peer is false, local is false
Peer reconnect time: @ secs, recovery time: @ secs
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Addresses bound to session:
1.0.0.2
192.168.55.6
192.168.55.13
192.168.55.22
Labels received from neighbor:
35, type: prefix, installed: no
3, type: prefix, installed: yes, bu2
Stats:
0 unknown message count, @ unknown tlv count

show mpls ldp parameters
BeiBo nHGOpManiy 06 UMEIOIUXCS COCesIX U 3aleiCTBOBAaHHBIX B LDP nHTepdericax CUCTEeMBL.

ITpumep. show mpls ldp parameters.
0/ME5100:Router#t show mpls ldp parameters

LDP Parameters:
Router ID: 1.1.1.1
Transport address: 1.1.1.1
Graceful Restart:
Status: disabled
Reconnect Timeout: 200 sec, Forwarding State Holdtime: 200 sec

Neighbors:

Peer address: 2.2.2.2
BFD status: enabled
Holdtime interval: 40 sec
Hello interval: @ sec

Peer address: 4.4.4.4
BFD status: enabled
Holdtime interval: 40 sec
Hello interval: @ sec

Interfaces:

Interface Tengigabitethernet 0/0/5
BFD status: disabled
Holdtime interval: 40 sec
Hello interval: 15 sec

Interface Tengigabitethernet 0/0/6

BFD status: disabled
Holdtime interval: 40 sec
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Hello interval: 15 sec

Interface Tengigabitethernet 0/0/7
BFD status: disabled
Holdtime interval: 40 sec
Hello interval: 15 sec
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HACTPOHKA MPLS L3VPN

B maHHOM IJIaBe pacCMaTpPHUBAKOTCA IIPHUHIIMIIEI OpPraHW3alMd M HACTPOMKU BHPTYaJIbHBIX
YaCTHBIX ceTell TpeTbero ypoBHA (Layer 3 VPN, L3VPN), HCII0/Ib3YIOIUX B KauecTBe TPaHCIIOPTa
TexHoJIoru MPLS.

IToxr cepBucoM L3VPN 3mech W [Jajsee IiojpadyMeBaeTcs 000C00JIeHHOE IIPOCTPAHCTBO
MaplIpyTHU3anuy (C MCII0OJIE30BaHUEM IIPOTOKOJIOB ceMeicTBa IP). Takoe IIpOCTpPaHCTBO HMeeT
COOCTBEHHYI Tabuully MapuipyTusanuy, Tabauny ARP/ND U OTAeJbHBIM CIIMCOK L3-
UuHTepdelicoB, BKIHUYEHHBIX B Hero. CepBuc L3VPN 1o3BoJisieT ysJjaM, IIOAKIHYEHHBIM K ero
uHtepdericam, nmepegaBath IP-Tpaduk MeXxay (1 TOJIBKO MeKIy) COO0H.

Heo0xoauMpble 1aru

Ji1g obecrieueHus pabotsl cepBruca MPLS L3VPN TpebyeTcs BBIIIOJHUTD CIeLYIOIHe AeHCTBUL:

1. HacTpouTh HHPPACTPYKTYpPy PaclIpoCTpaHeHUs TPAaHCIIOPTHBIX MeTOK (cM. 1aBy "HacTpoiika
MPLS-koMmMyTaniii U4 [OpoTokosia LDP"), To ecTh o006eCleduTh CBSASHOCTHL C JPYTUMHU
YCTPOMCTBaMHU CETH;

2. CosmaTh M HAaCTPOUTH Ha MaplLIpyTH3aTope 3K3eMIUIAP VRF, BKIIOUUTH B 3TOT 3K3eMILIAD
TpebyeMble HHTePEUCH];

3. ObecreyuTh Iepeady MapIIPyTHOM HMHQOpMAIMHU JaHHOTO 3k3eMIuisipa VRF K ApyruM
YCTPOMCTBAM CETH IIPH IIOMOIIU IpoToKosa MP-BGP ¢ HCcII0/Ib30BaHHUEM aIpecHOTr0 CeMercTBa
VPNvV4 unicast.

KoHeuHBIM pe3yJIbTaTOM HACTPOMKH SBJIIETCA IIOIBJIEHHE CBA3HOCTH MEXAy V3JIaMH,
MOJK/II0UeHHBIMU K VRF Ha pasjIMuHBIX MaplIpyTHU3aToOpax ceTH (To ecTb 06beguHeHHe VRF Ha
pasHBIX MapiipyTusaTopax 4depe3 MPLS-TpancmopT). IIpr 3TOM [Ao/DKHA OBITH obecredyeHa
neperava cepBUCHBIX MPLS-meTok g cepsBuca L3VPN mocpemcrBomM MP-BGP u 1epemauda
TPaHCIIOPTHBIX METOK /I LOCTH)KeHUA nexXthop-afipecoB I10/Iy4YeHHBIX BGP-MapIpyToB.

Cospanue 3k3eMILIIpoB VRF u Texnosorus VRF Lite

Jl1s1 pa6oTsel cepBrca L3VPN Heo6X0UMO CO37jaTh B KOHQUTYpaIlUU yCTPOUCcTBa ak3eMILIsip VRF u
BKJ/IIOUMTDH B HETro TpebyeMble MHTep(eCh.

B ciyuae, ecim VRF IIpuMeHSIeTCS TOJILKO Ha OJHOM MapIlIpyTHU3aTOpe, TEXHOJIOTHUS HMeeT
HasBaHue VRF Lite ("o6jsierueHHEBIN" VRF).

Tabauya 57. Co3daHue u Hacmpotika sksemnaapa VRF.

Komanpga HasnauyeHue
configure [Tepexof B pesKUM IVI00aIbHOM KOHQUIYpaIluH.
vrf VRE_NAME CosmaHue B KOHQUTYpaIlMU yCTPOMUCTBA dKk3eMIuipa VRF ¢

umeHeM VRF_NAME U niepex0]] B pe)KUM HACTPOUKHU 3TOTO
9K3eMILIApa.
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KomaHnpa

rd RD

maximum prefix MAX ROUTES

import route-target
RT COMMUNITY VALUE

export route-target
RT COMMUNITY VALUE

description STRING

root

commit

NOTE .
UHTEePDECHI.

Ha3umaueHue

3azmaHue Route Distinguisher i raHHoro skseMiuapa VRE.
[TapameTp sIBJIsIeTCS 00g3aTeJIbHBIM IIPU co3aHuU VRE.

Jonyctumble GOPMEI 3a/IaHUS:

e ASN:Nr —co 3HaueHusMu [0..65535]:[0..4294967295],
[0..4294967295]:[0..65535];

e IPv4:Nr —co 3HaueHusaMu A.B.C.D:[0..65535]; 3mech B
KauecTBe IPv4-ajipeca peKOMeHyeTcs IIPUMEHSATh aJipec
0oCHOBHOTrO loopback-uHTepderica MapiIpyTHU3aTopa.

(ommroHa/JILHO) YCTaHOBKA OrpaHUYeHUs KOJIHUYeCcTBa
MapLIpyTOB BHYTpU sk3eMIiLigpa VRE.

(omroHasIILHO) YCTaHOBKA IlepeyHs 3HaUYeHUU route-target
extended community, VPNv4 BGP-nyTH ¢ KOTOPBIMU OyAyT
yCTaHaBJIUBAThCA B TabJIUIly MapIIPyTU3alluU 3K3eMILIsIpa
VRF (cMm. HHoKe paszes "Route-target u Route Distinguisher”).
®opmar 3samaHua RT COMMUNITY VALUE aHaJloTU4YeH
dopMmarty mmapamerpa RD.

(ormmroHaJIbHO) YcTaHOBKA IIepeuHs 3Ha4YeHUH route-target
extended community, ¢ KOTOPEIMH MapIIPyTHl U3 JaHHOTO
sk3emIuigpa VRF 6ynyT aHoHcupoBaThcd B VPNv4 BGP (cm.
HIDKe pasfgena "Route-target 1 Route Distinguisher”).

d®opmar 3amaHud RT COMMUNITY VALUE aHaJOruyeH
dopmaty mmapametrpa RD.

(oIIIroHAaIBLHO) 3amaHue CTPOKOBOTIO OITHCaHHUs
skseMiuapa VRE.

Bo3Bpar B peKuUM IJI06a/IbHOM KOHQUIYPALIUH.

HpI/IMeHEHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

[Tocse cosmaHUSL M HACTPOUKHU 3k3eMmiugpa VRF MOXXKHO [106aBJIATH B HEro

ITpumep. Hacmpolika sk3emnaapa VRF ¢ d8yms uHmepgeticamu 8 HEm. Hacmpoiika npouszeooumcs Ha

ycmpoticmee Routerl.

vrf example

description "Example L3VPN service"

rd 1.1.1.1:100

import route-target 65535:100
export route-target 65535:100

exit

interface tengigabitethernet 0/0/17.1100

vrf example
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description "CE interface 1 on Router1"
ipv4 address 100.100.1.1/24
encapsulation outer-vid 1100

exit

interface tengigabitethernet 0/0/17.1200
vrf example
description "CE interface 2 on Router1"
ipv4 address 100.100.2.1/24
encapsulation outer-vid 1200

exit

ITpumep. /luazHocmuka c030aHHO20 IK3EMNAAPa — 006Uas uHGopmauus, mabauya mapupymos u ARP-
mabauya.

0/ME5100:Router1# show vrf example

Route distinguisher: 1.1.1.1:100

Description: Example L3VPN service
Import from route-target:
65535:100
Export to route-target:
65535:100
Interfaces:

Tengigabitethernet0/0/17.1100
Tengigabitethernet0/0/17.1200
Total entries: 2

0/ME5100:Router1# show route vrf example

Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local
IA - OSPF inter area, EA - OSPF intra area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,
LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn,
BL - BGP labeled

100.100.1.0/24 is directly connected, 00h01m12s, te 0/0/17.1100
100.100.1.1/32 is directly connected, 00h01m12s, te 0/0/17.1100
100.100.2.0/24 is directly connected, 00h01m12s, te 0/0/17.1200
100.100.2.1/32 is directly connected, 00h@1m12s, te 0/0/17.1200

— O M

Total route count: 4
0/ME5100:Router1# show arp vrf example

ARP aging time is 240 minutes

IP address Age Hardware address State VRF
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Interface

100.100.1.1 00:00:00 a8:19:4b:8b:bb:b1 Interface example te
0/0/17.1100
100.100.2.1 00:00:00 a8:19:4b:8b:bb:b1 Interface example te

0/0/17.1200

Total entries: 2
0/ME5100:Router1#

B KauecTBe WUIKOCTPAITUU [JIs1 MaJIbHeHIlledl HaCTPOUKU IPHUBENEM TakKe IIPUMEP CO3LaHUS
TaKOTO ’Ke 3K3eMILIsIpa VRF Ha pyroM MapIipyTH3aTope.

ITpumep. Hacmpolika sk3emnaapa VRF ¢ 00HUM unmepdgeticom. Hacmpoiika npouseooumcs Ha
ycmpoticmee Router?2.

interface tengigabitethernet 0/0/17.1300
vrf example
description "CE interface 1 on Router2"
ipv4 address 100.100.3.1/24
encapsulation outer-vid 1300

exit

vrf example
description "Example L3VPN service"
rd 2.2.2.2:100
import route-target 65535:100
export route-target 65535:100

exit

IIpumep. Mapwpymul 8 ak3emnsisipe VRF Ha Router2.

0/ME5100:Router2# show route vrf example
Tue Jan 29 13:35:25 2019
Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local

IA - OSPF inter area, EA - OSPF intra area
NT - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2

i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,

LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn,

BL - BGP labeled

C 100.100.3.0/24 is directly connected, 00h01m21s, te 0/0/17.1300
L 100.100.3.1/32 is directly connected, 00h01m21s, te 0/0/17.1300

Total route count: 2
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Hacrtpoyka MP-BGP

[t mepefmadyd MaplipyTHod uHGopMaruu L3VPN Ha Jpyrue yCTPOMCTBa CeTH HEOOXOIUMO
UCII0JIb30BaTh IIPOoToKoJ MP-BGP. MHQopmMmarysg o mapuipyrax L3VPN 6ymeT o6bIBIITHCI BGP-
coceZsIM II0 CeCCHUSIM C aZipeCHbIM ceMeXcTBOM VPNV4 unicast.

TaxuM 06pasoM, Ha YCTPOMCTBE MOJDKeH OBITH IIpeBapUTebHO 3allyllleH U CKOHQUIYPUPOBaH
IIpoIlecc MapLIpyTu3anuu BGP, riociie uero Mo>KHO 1,06aBJISATE HEOOXOAUMBIX COCe/e.

Tabauua 58. Hacmpotika BGP-coceda 019 nepedaqu mapupymos L3VPN.

KomaHma

confiqure

router bgp ASN
neighbor A.B.C.D

description "STRING"

remote-as ASN

send-community

send-community-ext

address-family vpnv4 unicast

exit
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Ha3unaueHue
[Tepexof B pe>KUM IV106aIbHOM KOHQUTYpaIIUH.
[Tepexon B pesKUM HACTPOMKH IIpolfecca MapIIpyTU3aIluH.

Co3maHue IIPOTOKOJILHOIO COCella B IVIO0AJIbHOM TabHie
MapUIpyTH3allMd U IIepexXofi B PeXUM HACTPOMKHU ero
IapaMeTpoB.

Ilepegaua MapIpyTHOH
nHoopmanuu  L3VPN  Bo3MOXKHa
TOJIBKO COCeJAM B  IVIOOaJbHOU
TabJIMIe MapIIPyTHU3aLAH.

IMPORTANT

(onmyoHasbHO) 3ajjaHue TeKCTOBOM CTPOKU — OIMCAHUA
IIPOTOKOJILHOTO COCE/IA.

3azaeT HOMep aBTOHOMHOM cucTeMbl BGP-coceza.
L3VPN-ceccuu nofep>KUBar0TCA TOJIBKO 11 IBGP-coceperi.

BkirogaeT OTIIpaBKy IIapaMeTpa community B OTChlJIaeMBbIX
cocefly aHOHcCaX. II0 yMoJYaHHUIO ITapaMeTphl community
YIJISI0TCS U3 OTIIPaBJIieMbIX aHOHCOB.

Jia  KoppekTHO¥ pa6orel L3VPN oTmpaBKy extended
community peKOMeHlyeTCsI BKJIHYaTh.

BkilroyaeT OTHpaBKy IlapameTpa extended community B
OTCBhUIAEMBIX cocelly aHOHcax. [Io yMOI4YaHHUI0 apaMeTphl
extended community yIaJISl0TCAd U3 OTIIPaBJIsIeMbIX aHOHCOB.
Juia  KoppekTHO¥ pa6orel L3VPN oTmpaBky extended
community He006X0 MO BK/IIOYATh.

BxiltoueHMe Ha [JaHHOM COCe/le aJpecHOr0 CeMelCTBa
VPNvV4 unicast (o6s3aTessHO 111 pa6oTsl L3VPN/IPv4) u
IIepexo/; B peKUM HaCTPOeK JaHHOI0 CeMelMCTBa.

BHyTpU cemelcTBa IIpU HEOOXOJUMOCTHA MOYKHO IIPOBECTH
COOTBETCTBYIOILIYI0 HAaCTPOMKY IIOJUTHUK MaplIpyTHU3aliiu
[UId Tlepeaur/IipueMa aHOHCOB OT TeKylero BGP-cocena.

BosBpaT B pesxuMm HacTpoek BGP-cocefa.



Komanpga HasHaueHue

update-source IPv4 ADDR 3amaHue IPv4-ampeca, ¢ KOTOpPOro OyAeT IIPOU3BOAUTHCSA
B3aMMOJle¥iCTBUe €  cocemoM. JlaHHBIM  IIapaMeTp
peKoMeHyeTcsd BCerma yKasblBaTh 1id iBGP-ceccuii.

root BBIXO[ B pesXuM 11062/ IbHOM KOHQUTYPAIlAH.

commit [TprMeHeHMe IIPOKM3BEeIeHHBIX HACTPOEK.
ITpumep. Hacmpolika MP-BGP ceccuu medcdy Routerl u Router2, konguzypauus Routerl:

router bgp 65535

bgp router-id 1.1.1.1

neighbor 2.2.2.2
address-family vpnv4 unicast
exit
remote-as 65535
send-community
send-community-ext
update-source 1.1.1.1

exit

ITpumep. Hacmpolika MP-BGP ceccuu medicdy Routerl u Router2, konguzypayus Router2:

router bgp 65535

bgp router-id 2.2.2.2

neighbor 1.1.1.1.
address-family vpnv4 unicast
exit
remote-as 65535
send-community
send-community-ext
update-source 2.2.2.2

exit

ITpumep. Konmposs ycmaHosieHust BGP-ceccuu ¢ coomgemcemayrowjumu AFI/SAFI:
0/ME5100:Router1# show bgp vpnv4 unicast summary

BGP router identifier 1.1.1.1, local AS number 12389
Graceful Restart is disabled

BGP table state: active

BGP scan interval: 120 secs

Neighbor AS MsgRcvd MsgSent Up/Down
St/PfxRed
2.2.2.2 12389 54452 54462 04d22h20m 1

0/ME5100:Router1#
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0/ME5100:Router2# show bgp vpnv4 unicast summary

BGP router identifier 2.2.2.2, local AS number 12389
Graceful Restart is disabled

BGP table state: active

BGP scan interval: 120 secs

Neighbor AS MsgRcvd MsgSent Up/Down
St/PfxRcd
1.1.1.1 12389 54469 54469 04d22h23m 2

0/ME5100:Router2it

ITpumep. Ilpocmomp nosyHeHHuX no VPNv4 unicast BGP-aHOHCO8:
0/ME5100:Router1# show bgp vpnv4 unicast neighbors 2.2.2.2 routes

BGP router identifier 1.1.1.1, local AS number 12389
Graceful Restart is disabled

BGP table state: active

BGP scan interval: 120 secs

Status codes: d damped, h history, > best, S stale, * active, u untracked, i
internal
Origin codes: i igp, e egp, ? incomplete

Received bgp routes from neighbor: 2.2.2.2

Route Distinguisher  IP Prefix Next hop Metric Label
LocPrf Weight Path

u>i o 2.2.2.2:100 100.100.3.0/24 2.2.2.2 0 34 100
0 ?

Total paths: 1

0/ME5100:Router2# show bgp vpnv4 unicast neighbors 1.1.1.7 routes

BGP router identifier 2.2.2.2, local AS number 12389
Graceful Restart is disabled

BGP table state: active

BGP scan interval: 120 secs

Status codes: d damped, h history, > best, S stale, * active, u untracked, i
internal

Origin codes: i igp, e egp, ? incomplete

Received bgp routes from neighbor: 1.1.1.1
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Route Distinguisher
LocPrf Weight Path

i 1.1.1.1:100
0 ?

i 1.1.1.1:100
0 ?

IP Prefix Next hop Metric Label
100.100.1.0/24 1.1.1.1 0 67
100.100.2.0/24 1.1.1.1 0 67

Total paths: 2

IIpumep. [Ipocmomp Mapuipymos, yCmaHo8.AeHHbIX 8 MabAULY Mapupymu3ayuu IK3eMnaapa

VRF — Routerl.

0/ME5100:Router1# show route vrf example

Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local
IA - OSPF inter area, EA - OSPF intra area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,
LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn,

BL - BGP labeled

100.100.1.0/24
100.100.1.1/32
100.100.2.0/24
100.100.2.1/32
BV 100.100.3.0/24

Do O M

Total route count: 5

IIpumep. [lpocmomp Mapuipymos, yCmaHo8/AeHHbIX 8 MabAULY Mapupymu3ayuu IK3eMnaapa

VRF — Router?2.

is directly connected,
is directly connected,
is directly connected,
is directly connected,

01h54m@7s, te 0/0/17.1100
01h54m@7s, te 0/0/17.1100
01h54m@7s, te 0/0/17.1200
01h54m@7s, te 0/0/17.1200

via 2.2.2.2 [200/0], 01h09m21s

0/ME5100:Router2# show route vrf example

Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local

IA
N1
E1

OSPF inter area, EA - OSPF intra area
OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
OSPF external type 1, E2 - OSPF external type 2

i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,
LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn,

BL - BGP labeled

100

100
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100.100.1.0/24 via 1.1.1.1 [200/0], 01h11m@3s
100.100.2.0/24 via 1.1.1.1 [200/0], 01h11m0@3s
100.100.3.0/24 is directly connected, @1h11m@3s, te 0/0/17.1300
100.100.3.1/32 is directly connected, 01h11m@3s, te 0/0/17.1300

Do O
<<

r— M o ™
=

Total route count: 4

VcranoBKa BGP-myTen B KauecTBe MapIlIpyTOB
dk3emIuisapa VRE

Pasimnuue mecxay nmapaMerpamMu RT u RD

[Ipy KOppeKTHOM KOHQUTypallUM IOJIydeHHBle 110 BGP aHOHCHI HMeIOT I1apaMeTphl Route
Distinguisher (RD) u Route-Target (RT). O6a 3TH IlapaMeTpa UMeT OJUHAaKOBBIA GpopMaT, OLHAKO
BBITIOJTHSIOT pa3Hble 3aJjaqyu.

* RD gBisercd 4yacTblo uHPopManuu MP-REACH NLRI ¥ CIIyKUT AJ11 HU3OJIALUUA Pas/IMUHBIX
IUIOCKOCTeX popBapaArHra (Haupumep, pasHeix VRF) ApyT OT apyra.

* RT gBjseTCs pacIIMpPeHHBIM COMMuUNity M MCIOJIB3yeTCs I KOHEeUYHBIMH MapIIpyTH3aTOpaMU
IIPY UMIIOPTE/3KCIIOPTe MapIIpyToB U3/B VRE.

[TapameTp RD moMoraeT pasfe/IMTh aHOHCHL IIPU Ilepejayve dyepe3 TpaH3UTHBIE BGP-cIIMKeprl K
KOHEYHOMY MapIIpyTHusaTopy. Hampumep, eciivi B OJHOM U TOM Ke cepBuce L3VPN (T.e. B 0JHOM
VRF) Ha 1ipoMeXyTOUHBIU BGP-cIiKep MPUAYT ABa OQUHAKOBBIX MaplIpyTa ¢ OMAUHAKOBBIMU RD,
TO 3TOT CIIMKep IIPOBe/ieT BBIOOP JIYUIllero Cpefd HUX U aHOHCUPYET Jiajiee B CeTh TOJIBKO JIYYIITUHU
nyTh. OMHAKO eCJIM 3TU MaplIPyThl OYAYT UMeThb pasjuyHble RD, TO BBHIOOp JIYUIllero Cpefu HUX
OyZeT IIPOBOAUTHCSI TOJIBKO KOHEUHBIMH MaplIpyTU3aTOpaMH{, KOTOpble Ha OCHOBAaHUU
HaCTPOEHHBIX MOJUTHUK HUMIOpTa RT IIpoBeAyT YCTAaHOBKY 3THUX BGP-myTer B KauecTBe
MapIIPyTOB BHYTPE COOTBETCTBYIOIMX VRF.

Ju3aiiH yciyr, IIpU KOTOPOM pellleHue O JIydIlleM IIyTH IIPUHUMAaeTCs Ha KOHEUHOM YCTPOMCTBe,
SIBJISIETCSL 3a4acTyr Oojiee IPeAIIOUYTUTeJbHBIM, XOTS U MOJKET IIPUBECTU K IIOBBIIIIEHHOMY
IOTPebIeHUI0 PeCypCOB TPAH3UTHBIX BGP-CIIMKepoB.

YcraHOBKa MapIIpPyTOB BHYTPH COOTBETCTBYIOIINX VRF

B mpuMmepax paHee ObLla IIpUBe/leHa HACTPOMKa, II03BOJIIIOINAS IIOJYy4YUTh 0 VPNv4-ceccuu
aHOHCHI MapIIPyTOB pasHbIX RD. B ciydae, ecin VRF Ha MapuipyTusaTopax ObLI HacTPOEH C
OIMHAKOBLIMU IIOJIMTUKaMM import/export, To 3T aHOHCHI OyAyT yCTaHOBJIEHBI B TabJIMITy
MapIIpyTHU3alfui COOTBETCTBYIOIINUX VREF.

ITpumep. Tabauua mapwpymusauuu VRF Ha mapupymuzamope Routerl:
0/ME5100:Router1# show route vrf example

Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local
IA - OSPF inter area, EA - OSPF intra area
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NT - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2

i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,

LET - IS-IS levell external, LE2 - IS-IS level2 external

BI - BGP internal, BE - BGP external, BV - BGP vpn,

BL - BGP labeled

100.100.1.0/24 is directly connected, 02h38m30s, te 0/0/17.1100

100.100.1.1/32 is directly connected, 02h38m30s, te 0/0/17.1100

100.100.2.0/24 is directly connected, 02h38m30s, te 0/0/17.1200

100.100.2.1/32 is directly connected, 02h38m30s, te 0/0/17.1200
BV 100.100.3.0/24 via 2.2.2.2 [200/0], 01h53md4s

DO OO M

Total route count: 5
0/ME5100:Router 1t

ITpumep. Tabauua mapwpymusauuu VRF Ha mapwpymuzamope Router2:
0/ME5100:Router2# show route vrf example

Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local

IA - OSPF inter area, EA - OSPF intra area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET - OSPF external type 1, E2 - OSPF external type 2

i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,

LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn,

BL - BGP labeled

B BY 100.100.1.0/24 via 1.1.1.1 [200/0], 01h54m58s
B BV 100.100.2.0/24 via 1.1.1.1 [200/0], 01h54m58s
C 100.100.3.0/24 is directly connected, 01h54m58s, te 0/0/17.1300
L 100.100.3.1/32 is directly connected, 01h54m58s, te 0/0/17.1300

Total route count: 4
0/ME5100:Router2#

TakuM 06pa3oM, B [JaHHOM IIpUMepe MapHIPyThl GBUIM YCIIEITHO YCTAaHOBJIEHBI B TaGJIHITY
Maprpytusaruu VRE example. O6sg3aTeTbHBIM YCIOBUEM [IJISE 3TOTO TAKXKe SBJISETCS HaJndue
TPaHCIIOPTHOM MeTKH /10 nexthop-afipeca COOTBETCTBYIOIIET0 MapIIpyTa:

IIpogepka HAAUUUS MPAHCNOPMHbBLX MemoK 00 nexthop Ha Router1:
0/ME5100:Router1# show mpls 1dp forwarding | include 2.2.2.2

2.2.2.2/32 ImpNull te 0/0/5 100.100.12.1
0/ME5100:Router 1t
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IIpogepka HaAUUUS MPAHCNOPMHBLX MemoK 0o nexthop Ha Router?2:
0/ME5100:Router2# show mpls 1dp forwarding | include 1.1.1.1

1.1.1.1/32 ImpNull te 0/0/5 100.100.12.0
0/ME5100:Router2#

IIpouecc BGP a1 sxksemiuisapa VRF u pegucTpuoynus
MapIIPyTOB

ITpomecc BGP ayis1 VRFE

Ha mapipyrtusaTopax ceMerictsa ME cyiecTByeT 1oHaTHe BGP-1iporiecca B sk3emiusape VRFE. 3To
IIOHATHE BKJIIOYaeT B Cebd OTHeJNbHYI0 CTPYKTYpy B paboTarolel oIlepaljduOHHOM CHCTeMe

YCTpOﬁCTBa, 3aHUMAaIOIIyI0 HEKOTOPEIE PECYPCHhI U BBIIIOJTHAIOIITYIO OIIpeAe/IEHHbIE I,I[eI‘/JICTBI/IH.

JlefiCTBHs, KOTOPEIE II03BOJISIET IIPOU3BOAUTE BGP-iporiecc B sk3eMIuape VRE:

1. YcraHoBka BGP-cocencTB BHyTpU sk3eMiuigpa VRE. laHHAag BO3MOXKHOCTb OTHOCUTCSA MMEHHO
K coceactBaM BHyTpu VRF (T.H. ceccum PE-CE), HoO He k L3VPN-coceacTBaM B IJI00aJIbHOM

TabJIUIle MapIIPyTHU3aIHH.

2. Tnbkagd HacTpoWKa peJUCTPUOYIIMK MapLIpyTHOM HHOopManmuu B  BGP-rabiumy

cooTBeTCTBYyIOIIlero VRE.

3anyck BGP-miportecca miag sksemiuigpa VRE IIpousBoguTCd aBTOMAaTHYECKU IIPU CO3TaHUU
KoHUTryparmroHHoro 6s10ka 'vrf VRF_NAME' B pasmesie HACTpOMKH 'router bgp' U co3JaHUM B HEM

KaK MUHHUMYM OJHOTO COCeJia.

B nmpumepe Huoke 1y1g VRFE example oTmesrbHOro BGP-mporjecca He 3amyireHo, a i VRF 13-1 Takon
Ipoliecc 3amyIeH; KpoMe 3Toro, BHyTpu VRF '13-1' ckoHurypupoBan BGP-cocen c agpecoMm

172.16.0.1 ¥ pegUCTPUOYIINSI CTATUYECKUX U IIPUCOEUHEHHBIX MapIIPyTOB.

vrf example
description "Example L3VPN service"
rd 2.2.2.2:100
import route-target 65535:100
export route-target 65535:100

exit

vrf 13-1
rd 65535:1
import route-target 65535:1
export route-target 65535:1
exit

router bgp 65535
bgp router-id 2.2.2.2
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neighbor 1.1.1.1
address-family ipv4 unicast
exit
address-family vpnv4 unicast
exit
remote-as 12389
send-community
send-community-ext
route-reflector-client
update-source 2.2.2.2
exit
vrf 13-1
address-family ipv4 unicast
redistribution static STAT
exit
redistribution connected CONN
exit
exit
bgp router-id 2.2.2.2
neighbor 172.16.0.1
address-family ipv4 unicast

exit
remote-as 65530
exit
exit
exit
CosaHUe OTEe/IbHBIX IIPOI[eCCOB Ha O0/IbIINX KOHUTIYpauiax (coTHU VRF)
IMPORTANT MOJKeT IIPHUBECTH K YypesMepHOMY II0TPe6IeHUI0 pecypcoB

MapIIpyTU3aTopa.

Korma mporecc mapmipytusanuu BGP He 3amyieH BHyTpu VRF, BGP-Tabiuia B
COOTBETCTBYIOIIIEM 9K3EMILISIPE TaK)Ke OTCYTCTBYeT (BBIBOJ KoMaH/, 'show bgp vrf

NOTE VRF_NAME' 6ymeT nycTbIM). OmHako B Tabumie MaplipyTusarmuu VRF Moryt
IIPUCYTCTBOBATH MapLIPyThI C IIOMeTKoM "BGP" B TOM ciydae, ecjad HX
HUCTOYHUKOM siBJigeTcss AFI VPNv4/VPNvV6 unicast.

ABTOMaTHUeCcKas pefUCTPUOYITHUA

ITo yMoJsluaHUIO Ha MapllIpyTU3aTopax ceMerictBa ME paboTaeT aBToMaTH4ecKasi peIUCTPUOYIIUS
Bcex uMeromuxcd B VRF MapmipyToB (3a uckiaroueHueM local-mapiipyToB) B AFI VPNv4/VPNv6
unicast ¥ aBTOMaTH4eCKOe aHOHCHUpOBaHWe TakKUX IyTed VPNv4- u VPNv6-cocemaM. IIporecc
aBTOMAaTUYeCKUH PeJUCTPUOYIIUU HEOTKIIOYaeM.

ABTOMaTHYecKass pegucTpudbynys He TpebyeT 3amycka OTAeabHOro BGP-mpornecca g
COOTBETCTBYIOIlero sk3eMIurapa VRE.

/1711 HasHaueHUs [OII0JTHUTeIbHBIX aTpUOyTOB BGP Ha MapIIpyTel, II0IIajaloliie B IIPOCTPAHCTBO
VPNv4, Heo6XoiuMO co3faBaTh OJI0K IpaBui 'redistribution’ B pasmese 'router bgp <ASN>
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address-family vpnv4 unicast' ¥ HacTpauBaThb TaM IIPOIlECC PEIUCTPUOYITUU COOTBETCTBYIOIIIHX
ceTeli C HasHaueHUeM HY)KHBIX aTpUOyTOB U C ONIMOHAJIbHBIM yKa3aHWeM VRF-UCTOYHUKA
(mpaBmyio 'match vrf <VRF_NAME>') smm6o cmmicka VRF-HCTOYHHWKOB (mpaBmiio 'match vrf-list
<LIST_NAME>").

B 1npuMepe HIKe OIKMCaHAa HACTpPOMKa OrpaHUYeHUs aBTOMaTUYeCKOM pegucTpUOyIIUU
connected-mapmipyroB u3 VRF 'VRFTEST' B L3VPN. 3gecy 1 VRF OymeT paspelieHa
pesuCcTpUOyIIHA MaplIpyTOB B 13vpn IpHU YCIOBHU UX COOTBETCTBUA IpeduKc-aucTy TESTVRE-
PRFLST (sanuck "ALLOW-TESTVRF-PREFIXES" ¢ mpuoputeToM 10); Aj19 OCTaJbHBIX MapIIpPyTOB
penuctpubyimg B L3VPN sanperniaercd sanucbo "ANNOUNCE-NONE" ¢ ipuopuTteToM 99.

ITpumep HacmpolKu 02paHu"eHUs agmomamuueckoll peducmpubyuyuu connected-mapuipymos

prefix-list TESTVRF-PRFLST

seq-num 10
prefix 10.2.2.0/24
exit
seq-num 20
prefix 10.9.1.0/24
exit
exit

router bgp 65535
address-family vpnv4 unicast
redistribution connected ALLOW-TESTVRF-PREFIXES
match prefix-list destination TESTVRF-PRFLST
match vrf TESTVRF
priority 10
exit
redistribution connected ANNOUNCE-NONE
match vrf TESTVRF
priority 99
redistribute disable
exit
exit
exit

Penuctpuobynusa agpecosn loopback-unrepdeiicon

OTmeslbHBIM CjIydaeM $BJeTCS 3aZjladya  aHOHCHUpPOBaHUA anpecoB loopback-uHTepdeiicos,
oTHocAIuxcd K VRFE.

JlaHHbBle ajipeca, SBJAACH He IIPUCOEJUHEHHBIMH, a JIOKaJbHBIMU, He IIOAIIafalT IIOf,
aBTOMAaTUYeCKYH peAuUCTpUOyIMI0. B ciaydae, ecid HeOOXOAWMO aHOHCHUPOBAaTh UX COCELHUM
BGP-MmapiipytusaTopaM B VPNV4 unicast, He06X0/1MO HacTpanBaTh PeJUCTPUOYITUI0 BPYUYHVIO.

B mpuMepe HIKe BKJIOUYaeTCsl pefUCTpUOyIUS ajgpeca uHTepderica 107991, oTHOcsmerocs K vrf
13-1, B afipecHOe IIPOCTPaHCTBO vpnv4 unicast g JaJbHEHIero aHOHCUPOBaHUA ero B 13vpn.
[Tocsle [aHHOIO PYYHOIO IIpaBHJIa cpabaThiBaeT paspellarolljee IPaBHIO aBTOMaTHYeCKOH
PesuCTPUOYIIMH BCeX OCTaJIbHBIX MapIIPYTOB.
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ITpumep Hacmpoliku peducmpubyuuu adpecos loopback-unmepdgeticos.

interface loopback 7991
ipv4 address 3.1.3.1/32
vrf 13-1

exit

router bgp 65535
address-family vpnv4 unicast
redistribution local LOCAL
match prefix 3.1.3.1/32
match vrf 13-1
exit
exit
exit
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HACTPOHKA MPLS L2VPN

B maHHOM IJIaBe pacCMaTpPHUBAKOTCA IIPHUHIIMIIEI OpPraHW3alMd M HACTPOMKU BHPTYaJIbHBIX
YaCTHBIX ceTel BTOporo ypoBHs (Layer 2 VPN, L2ZVPN), UCIIO/IB3YIOIUX B KayeCcTBe TPaHCIIOPTa
TexHoJIoru MPLS.

CepBuchl L2VPN M03BOJISIIOT OCYII[eCTBHUTH JIOKAaJbHYI0 KOMMYTAITUI0 Ha ypoBHe Ethernet kak
MeKly HeCKOJbKMMU HHTeppelicaMM OJHOIO YCTPOMCTBA, TaK M MeXAY HeCKOJIbKUMU
yCTpOMCcTBaMy, cCoefUHeHHLIMHU MPLS-TpaHCIIOPTOM.

CocraBHpbIe 37ieMeHTHhI L2VPN

HHTepdeiic 10KaIbHONM KOMMYTaLUU (Attachment circuit, AC) — uHTepdelic 1160 cabuHTEpPec
YCTPOMCTBA, HaXOAAIUICA B peKuMe L2-KOMMyTalliM, BKIIOUYEHHBIM B COCTaB OpPHUDK-IOMeHa
JIN60 KPOCC-KOHHEKTa U I03BOJIAIOIINMI IIPOU3BOAUTE CKBO3HYI0O KOMMyTaruio Ethernet-kagpos.
JIro60¥1 uHTepdelc ycTporicTBa 6e3 HasHaueHHbIX [P-azpecoB HaxomguTcd B pexuMme L2-
KoMMyTanuu. VHTepdelic ¢ HasHaueHHBIMUM Ha HeM [P-agpecaMy HeBO3MOXHO BKJIIOYUTH B
L2VPN B xauectBe AC.

[Ipu nipueme u nepegade Ethernet-kagpoB uepe3s AC II0 yMOJIYaHHUIO He
OCyIIeCTBJ/IIeTCA HUKAKOM MOgUUKaIlUU 3aroJ0BKOB KaJpoB. B mmepByro
oyepe[b, UHTeppeNChl JIOKAJIbHOM KOMMYTaIllUU He IIPOU3BOJIAT CHATHUSA
VLAN-TeroB ¢ Tpaduka u pgob6aBjieHHsI TaKUX TeroB. Eciau Tpebyercsd

IMPORTANT IIPOMU3BECTH OIlepalliu HaJ TeraMu (CHATHUe, fobaByeHUe 60 3aMeHy), TO
IJI1 3TOr0 HeoOXOJUMO SIBHO CKOHQUIYPHUPOBATh JaHHYI0 OIlepallii Ha
uHTepderice koMaHIoU 'rewrite'. TakuMm o6pas3oM, TpadUK, IIOIABIIUHA B
OPIOKA-IOMeH JTUO0 KPOCC-KOHHEKT yepe3 uHTepderic AC, 110 YMOIYaHUI0
OyZeT KOMMYTHPOBAaThCS C COXpaHEHHEM BCeX TEeroB.

KitaccupukaTopsl, 3aZlaHHble Ha cabuHTepdericax KoOMaHIoM 'encapsulation’', oTBe4arT TOJIBLKO
3a OTHeCeHHe BXOJAIEro B POAUTENbCKUM HHTepdeic TpaduKa K JaHHOMY cabUHTepdericy.
Tpa¢uxk, BEIXOAAIIIUNA U3 cabuHTepdeiica COIIacCHO UMeloleiica KoHpuryparuu L2VPN-cepBHca,
He IIpOBepseTcsd Ha IIpeiMeT COOTBETCTBU TeroB KjlacCUPUKATOpy cabuHTepderica.

BpuK-A0MeH, KaK OVH U3 OCHOBHBIX 3jieMeHTOB L2VPN, 1103BoJ1geT 06 beIUHUTH B 0011y10 L2-
Cpely OOUH WM HECKOJIbKO WHTep(eMcoB JIOKaIbHOU KoMmyTanuu (AC), a TakyKe 31eMeHThI
cepBucoB EoMPLS (Ethernet over MPLS) —r1ceBpomnpoBoza (Pseudowire, PW) U BUpTyaJbHbIE
aK3eMILIIpPbl KoMMyTaruu (Virtual Forwarding Instance, VFI).

Kpocc-koHHEKT (point-to-point element, p2p) TakKe SBJsIeTCHd 3jeMeHTOM L2VPN U 1mo3BoJssieT
00beJUHUTL B OOIIYI0O Cpely CTPOro OAWH HHTepdelic JoKalbHOU KoMmmyTanuu (AC) ¥ ofuH
IICeBIOIIPOBOL (PW).

Bri6op ucnosb3yemoro A L2VPN-cepBuca MexaHu3Ma (OpHIK-TOMeHa JIUO60 KPOoCC-KOHHEKTA)
3aBUCHUT OT 3a/1a4U, KOTOPYI0 TpeOyeTcs BBIIIOJIHUTD.
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HacTpoiika OpH/IK-I0OMEHOB

Joig  opraHmsanuu  L2VPN-cepBuca €  HCIIOJIb30BaHHUEM  OpH/DK-IOMEHAa  He00X0JUMO
CKOHQUTYPUPOBATh HAa YCTPOMCTBE caM OpPHUDK-IOMeEH, co3naTh Tpebyemble AC, PW u/uinu VFI u
BKJIIOUUTDH BCe HYKHbIE 3JIeMeHTHI B JTaHHBIN OPUIK-IOMEH.

Mexxny asieMeHTaMU OpU/DK-IoMeHa OyzeT IpOU3BOAUTECA KoMMyTanys Ethernet-kagpos.

ITpaBwIa KoOMMyTanuu Tpaduka B OpUIK-JOMeEHe

Me>1<,/1y JIeMeHTaMU 6pI/I,I[>K-,ZLOMeHa OCyIIeCTBJII€TCA KOMMYTallusd Tpa(PI/IKa Ha OCHOBaHHHU
IIepedvrCJI€HHBIX ITPaBHJI:

1. /g KaXkaoro 6pupK-JoMeHa aBTOMaTUUYeCKU co3faeTcs Tabsuiia MAC-afpecoB 10 aHAJIOTUU
¢ Ethernet-kommyTaTopamu. Ethernet-kaipbl KOMMYTHPYIOTCI Ha OCHOBAaHUM aHam3a MAC-
anpeca noayvatesnsd (DST MAQC).

2. Kagps! ¢ u3BecTHBIM DST MAC 6yAyT OTIIPaBJIAThECA B COOTBETCTBYIOIIIHEe AC/PW.

3. Kazpe1 ¢ HeusBecTHBIM DST MAC, broadcast- 1 multicast-kazaps! (T.H. BUM-Tpadux, "Broadcast,
Unknown unicast u Multicast") 6yAyT OTHpaBJSATbLCI BO BCe 3JIeMEHTHI OpHUIK-IOMeEHa, 3a
UCKJII0OUeHUeM Toro asieMeHTa (AC si6o PW), ¢ KOTOPOTO BOIILIN B OPUIK-OMEH.

4. IIpu xomMmyTanuu y4uurbiBaroTca DST MAC B Kajgpax, HO He y4dHUTBIBaroTcad VLAN-Tery,
HMeHIHecs Ha KaJpaX — TaKUM 00pasoM, KOMMYyTallus BHYTPU OpUIK-TOMeHa He SBJISIETCS
"VLAN-aware".

IIceBpomnpoBoaa (pseudowires)

[IceBAOIIPOBOJ — JIOTUYECKUU 3JIeMeHT, O0beJUHAINUN 3K3eMIUIIphl L2VPN Mexny nAByMs
ycTporicTBaMH, 00befHHeHHBIMU MPLS-TpaHCIIOpTOM M IIO3BOJIMIOIINU IlepenaBaTh Ethernet-
Kazpsl 1oBepx MPLS (TexHOosI0TMS HOCUT HasBaHUe Ethernet over MPLS, EOMPLS). AHaJIOTUYHO
cepBucaMm L3VPN, 1 obGecrieyeHus paboThI IICeBAONPOBOAOB L2VPN Heo6X0AWMO HaIuyue U
paborocroco6HOCTs MPLS-CBI3HOCTH MeEXKAY YCTPOMCTBAMM (HOJDKHBI OBITH  BBIJj€JIEHBI
TpaHCIIOPTHBIe MeTKU MPLS 111 oCTH KeHUS aipeca CoCeJHero yCTpoucTBa).

JUId KaXkmoro IiceBiompoBoza cepsuca L2VPN BuinmessieTcd Takyke cepBucHad MPLS-merka
(HasHayaeTcsd IMOCPeCTBOM IPOTOKoJia LDP iy cTaTU4eCKUX IICEBLOIIPOBO/IOB JIMOO0 CpeicTBaMU
nporokosia MP-BGP gy L2ZVPN ¢ aBToOOGHapy»>KeHHueM coce/ielt).

IIceBmorpoBoja st L2ZVPN-cepBHCOB CO3/Jal0TCSI U HACTPAaUBAIOTCSI BHYTPU KOHQUTYPAITMOHHBIX
6JI0KOB GPUK-TOMEHOB 1 KPOCC-KOHHEKTOB.

B mro6ajpbHOM KOHQUTypanMd YCTPOMCTBA IIPM 3TOM HEOOXOAMMO CO3/[aTh IIPOQPHIIb
riceBonpoBoga ('pw-class') U ckoHQUTYpUpPOBATh targeted-ceccuro LDP 1o ajpeca yCTpoOMCTBa, €
KOTOPBIM CO3/aeTcs IICeBOIIPOBO/ (targeted-ceccuu He TpPe6GYIOTCS IIPU HCHOJIH30BAaHUU BGP
autodiscovery/signalling).

Tabauua 59. Hacmpotika npoguisa nceadonpogoaa.
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KomaHnpa

confiqure

12vpn pw-class CLASS NAME

encapsulation mpls signaling-type
{ manual | pseudowire-id-fec-
signaling }

encapsulation mpls mtu MTU_SIZE

encapsulation mpls control-word {
preferred | non-preferred }

root

commit

HasHaueHnue
Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

Co3manue B  KOHOUIypallMd  YCTPOMCTBA  MPOdMId
IICeB/IOIIPOBOJa U IIepexXofi B PpeXUM 3aJaHUsd ero
IapaMeTpoB.

3aJlaHue MeTOo/la CHUTHAJTHU3aIlUH I IICEBIOIIPOBO/IOB,
WUCIIO/IB3YIONUX MaHHBIA IPOQIIIL. /IJII HCIIOJIb30BaHUS
KJIaCCUYeCKOW CHUTHaIU3aIlliu LDP ciielyeT KUCII0JIb30BaTh

rnmapaMeTp 'pseudowire-id-fec-signaling'. [Ipu
HUCIIOJIb30BAaHMM MeToZa 'manual’ —CepBHUCHBIE MeTKH
3a/lal0TCI  BPYYHYH B KOHQUIYparu  KaKAO0ro
IICEeBIOIIPOBOJA.

JlaHHBIM ITapaMeTp SIBJISIETCS 0053aTeIbHBIM.

(ommmoHasbHO) 3amaHue 3HadeHUsa MTU, kotopoe Oyper
HUCII0JIb30BAThCd IIPU CUTHAJIHU3AllUU  IICEeBJOIIPOBOJIOB.
JlaHHBIM TIapaMeTp BJHdgeT TOJBKO Ha  IIpoliecc
CUTHa/IM3allMU U He OrpaHUYMBaeT pasMep IepefaBaeMbIX
I1aKeTOB.

(omroHaNBbHO) 3a/laeT 3HaUeHUe I1apaMeTrpa control word
(mpenmtountaeMblii "preferred” b0 He IIpeAIIOYUTAEMbBIA
"non-preferred") Jimics mmporrecca CUTHAJIU3aI[uU
IICeBIOIIPOBOA.

Bo3Bpar B peXuM I7106aIbHOY KOHQUTYPaITHH.

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

ITpumep HacmpolKu npoPuasa nceedonposooa.

12vpn pw-class example-class

encapsulation mpls control-word preferred
encapsulation mpls signaling-type pseudowire-id-fec-signaling

exit

Tabauya 60. Hacmpolika targeted LDP-ceccuu (06s3ame/ibHO 0151 nceedonpogodos ¢ LDP-

cuzHaauzayuet).

KomaHnpa

configure

mpls ldp neighbor IPv4 ADDR
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HasHaueHue
ITepexo[ B pesKUM IJ106a/IbHOM KOHQUTYpAITUH.

Cospmanue targeted LDP-ceccuu 710 yCTPOMCTBA C YKa3aHHBIM
azipecoM. Afipec, yKasaHHBIM IIPU CO3JaHUHU CeCCHUH, T0JDKEeH
COBIIQZATH C aJpecoM, HCIIOJb3YeMBIM IIPH CO3JaHUH
caMoOro IICeBJOIPOBOJA BHYTPH  COOTBETCTBYIOIIETO
aslemeHTa L2VPN. /[l yCHeIIHOM YyCTaHOBKU targeted-
CecCUM [OJDKHBI OBITh IIpefBapUTeJbHO YCTaHOBJIEHBI
TpaHCIIOpTHLIE LSP 10 yKasaHHOTIOo ajapeca.



Komanpga HasHaueHue

bfd fast-detect (omIMoHaIbLHO) BrIOYeHMe MexaHM3Ma BFD g
COOTBETCTBYHOIIEM targeted LDP-ceccuu.

root BosBpart B pesXuM I7106a/IbHOU KOHQUTYPaIIHH.

commit ITprMeHeHMe IIPOU3BELeHHBIX HACTPOEK.
ITpumep nHacmpoiixu targeted LDP-ceccuu.
mpls 1dp neighbor 2.2.2.2

bfd fast-detect
exit

ITocie BBINIOJTHEHUS JAHHBIX HAaCTPOEK MOYKHO IIPOM3BOAUTHL CO3[aHHe U KOHOUIYPHUpPOBaHHUE
IICEeB/0IIPOBO/0OB BHYTPH COOTBETCTBYIOIIUX L2ZVPN-cepBHUCOB.

Co3maHue OpUIK-JOMEHa

Tabauya 61. Co3daHue u Hacmpotika 6puddc-0oMeHa.

Komanpa HasHnaueHue
configure ITepexo[ B pesXUM I1006a/IbHOM KOHQUTYpAITUH.
12vpn bridge-domain BD_NAME CospmaHye B KOHQUIypallUM YCTPOMCTBa OpHUIK-IOMeHa U

IIepexo] B pe>KUM er0 HaCTPOUKH.

interface { tengigabitethernet |  Bxirouenme ykasamHoro mHTepdeiica 60 caGuHTEpdeiica
bundle-ether | B cocTaB OpHK-7IOMEHa B KadecTBe uHTepdetica

fortygigabitethernet | JIOKaJIbHOM KoMMyTaniuu (AC)
hundredgigabitethernet } num | yran '

num.subif id

pw IPv4 PEER PW_ID Co3maHue BHYTPU OpHK-IOMeHa IICEBAOIIPOBOZA [0

YKa3aHHOI0 YCTPOMCTBA U IIepeX0l B PeXUM HaCTPOMKU
9TOr0 IICEBIOIIPOBO/IA.
[Mapamerp PW_ID (TakKe mpuMeHseTcd TepMuH VC ID,
Virtual circuit ID) CayKuT [Jid UAeHTAQUKAIUU
IICeBOIIPOBOA Ha VYCTPOMCTBAaX, OH MUCIIOJL3YeTCd B
IIpoliecce CUTHaA/JIM3allUU U Ha3HaYeHUs CEPBUCHBIX METOK
U IOJDKEeH ObITh OJUHAKOBBIM JIJI1 OHOTO U TOTO >Ke PW Ha
060UX YCTPOMUCTBAX.

pw-class CLASS_NAME [IpuBsisKa paHee CO3JaHHOIO0 B KOHQUIypallUuU IIPOPUIA K
J@HHOMY IICeBIOIIPOBO/Y.

IIpuBs3ka Tpodmysd K  IICEBAOHPOBOAY  SBJISIETCS
00s13aTeJILHOMH.
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KomaHnpa

mpls static label local
LOCAL_LABEL_VALUE
mpls static label remote
REMOTE_LABEL VALUE

backup

pw IPv4 PEER PW_ID

pw-class CLASS_NAME

exit

exit

ignore encapsulation-mismatch

ignore mtu-mismatch

exit

transport-mode { ethernet | vlan }

mtu MTU_SIZE

root

commit

Ha3umaueHue

(ommyoHasbHO) 3ajaHWe JIOKAJBHOM U yAaJeHHOU
cepBUCHOM MPLS-MeTKM [UI1 [TaHHOTO IICEBJOIPOBO/A.
[TapamMeTpbl HCIIOJB3YIOTCI B CJy4ae, KOorma IIPOQIIIb
IICeBJOIIPOBO/A IIpeAliojiaraeT MCIIOJIb30BaHUE PYYHOIO
HasHa4YeHUs CEPBUCHBIX MeTOK ('manual’).

(onmmmuoHanbHO) I[lepexof B peskKMM HaCTPOMKHU 3allacHOTO
(backup) riceBmompoBoza.

Cosmanue 3amacHoro (backup) mceBmgompoBoma 0
YKa3aHHOI'0 yCTPOMCTBA U IIEPeX0/l B PeKUM HAaCTPOUKU
3TOTO IICEBJIOIIPOBOZIA. 3allaCHOM IICEBIOMPOBOJ OyaeT
HUCII0JIb30BaThCS B CIydae 0TKa3a OCHOBHOTO.

[IpyuBsi3Ka paHee CO3aHHOIO B KOHQUTypalluy IIPOoPUIsa K
JaHHOMY IICeB/OIIPOBO/Y.

BosBpat B peXuM KoHQUTypariuu backup PW.
Bo3BpaT B peskKUM KOHQUTYpaIllid OCHOBHOTO PW.

YcTaHOBKa peskuMa UTHOPUPOBAHUA HECOOTBETCTBUA
IIapaMeTpOB HHKAIICYJIIIUU (THUIIA IICEBZOIIPOBOJA) JIHMOO
3HaueHUd MTU 11pu cUrHainu3aIiuu I1ceBI0IIPoOBOa.

Bo3BpaT B pe)KUM KOHQUTYpaIIuU OpUIK-T0MeHa.

YcraHOBKa TPaHCIIOPTHOTO pexxuma IJIsL BCeX
IICEeBJOIIPOBOJIOB [AaHHOIO OpHUK-JoMeHa (type4/'port” u
type5/"tagged” COOTBETCTBEHHO, COIJIACHO CIeITUPpUKAITUU
EoMPLS). TpaHCIOPTHBIN peXUM 3agaeTcd i Iejeld
CUTHAJIN3alliy U He BJIMSET Ha 00pabOTKy IepefaBaeMoro
I10 IICeB/IOIIPOBOAY TpadHKa.

VcraHaBiuBaeT pasMep MTU B 6auTax Ajd BCero OpHK-
ZIloMeHa. HacTpoiKa CIy>KUT I I1eJIe CUTHaIU3allHuHu.

Bo3BpaT B peXuM I7106a71bHOM KOHQUTYpaAITUH.

[IppMeHeHUe IIPOX3Be/JeHHbIX HaCTPOeK.

ITpumep. CozdaHue 6pudic-domeHa ¢ mpems AC u 08yms ncegdonpogodamu (U3 HUX 00UH — € 3aNACHbIM
ncegdonposooom)

12vpn
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bridge-domain example-bd

interface tengigabitethernet 0/0/15

exit

interface tengigabitethernet 0/0/1.400500

exit

interface tengigabitethernet 0/0/17.5

exit
pw 2.2.2.2 400500
backup



pw 4.4.4.4 400500
pw-class example-class
exit
exit
pw-class example-class
exit
pw 3.3.3.3 400501
pw-class example-class
exit
exit

B npuBeZieHHOM IIpuUMepe OpUPK-I0MeH II03BOJIUT OCYIeCTB/ISATh KOMMYTAIIUI0 TpadrKa MexXIy
AC tengigabitethernet 0/0/15, tengigabitethernet 0/0/1.400500, tengigabitethernet 0/0/17.5 u gBymMsa
IICeBOIIPOBOAAMU /10 cocelel ¢ axpecamu 2.2.2.2 1 3.3.3.3. IlceBLOIIPOBOL 0 cocena 2.2.2.2 TaKXe
uMmeeT pesepBHBIN PW 110 cocena 4.4.4.4.

BupTyajbHble 3K3eMIUIIPbI KOMMYTalluu U pa3feleHHbIN TOPU30HT AJIA
IICE€BOIIPOBO/IOB

Kaxk 6b1JI0 yKa3aHO paHee, KOMMYyTaIlud I1aKeTOB B OpUDK-TOMeHe MOKeT IIPOU3BOAUTHCA MeXIy
BCEMU 3JIeMeHTaMU, BKJIOUeHHBIMU B OpUIK-I0MeH, TO eCTh B HampaByeHUusx AC-AC, AC-PW u
PW-PW.

OpHako, KOMMyTalusg TpapuKa MeXKIy PasHBIMHU IICEBAOIPOBOJAMH OJHOI0 OpHIK-TOMeHa
MOKeT OBITH He)KeJaTeJbHOU B psfie ciIydaeB (B YaCTHOCTH, IPHU IIOCTPOEHUU IIOJTHOCBSI3HBIX
TOIOJIOTHH VPLS — B TaKHX C/Iy4dasixX KOMMYTaIys aKeToB MekAy PW IpuBefieT K 3aK0JIbIIOBKE
Tpaduka).

[l pellleHUs JaHHOM 3aJjauM UCII0JIb3yeTCd IIPUHITUIIL "pas/ieJIeHHOro Topu3oHTa" (split horizon),
KOIZia IICeBOIIPOBOA COOMPAIOTCI B CIIeIMaIbHYIO TPYIILy (Split horizon group), 6yaroaps 4yeMy
3alperraeTcss KOMMyTarus Tpapuka Me>Kay HUMH, 0THAKO OCTaeTCsI BO3MOYKHOCTbh KOMMYTAIluHU
MeXK/Ty IICeBIOIIPOBOZOM TPYIIIBI ¥ HHTepdericaMu (AC) 6pHUmK-goMeHa.

B KoHQUrypanuu yCTpoICTBAa TaKHe TPYIIIbl HA3bIBATCI BUPTYAJIbHBIMU 9K3EMILIIpaMU
koMmmyTanuu (VFI, Virtual Forwarding Instance). B KaXAbIM 3K3eMIUIIP MOKHO BKJIHUYUTH
IIPOM3BOJIBHOE KOJIMYeCTBO IICEB/IOIIPOBO/OB.

Tabauua 62. Co3daHue u Hacmpotika sxksemnasapa VFI eHympu 6pudic-0omMeHa.

Komanpga HasHaueHue

configure [Tepexof B pe>XUM IVI00aJIbHOM KOHQUI'YPAIIHHU.

12vpn bridge-domain BD_NAME [Tepexof B pe>KUM HAaCTPOUKHU OPUIK-IOMEHA.

vfi VFI. NAME Co3maHue BHYTpH OpHDK-IOMeHa JK3eMmIiuigpa VFI u

TIepexo/T B Pe>KUM eT0 HaCTPOHKH.
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Komanpga HasHaueHue

pw IPv4 PEER PW_ID CosmaHue BHYTpH 3Kk3eMiurapa VFI 1ceBmoIipoBoza [0
YKa3aHHOI'0 yCTPOMCTBA U IIEPeXO0[l B PeKUM HaCTPOUKU
9TOr0  IICeBAOIIpOBOZA. /JlambHeHIasd  KOHQUIyparjus
IICeBOIIPOBO/A (BKIrOYas backup) aHaslornyHa HaCTPOMKe
PW HeIocpe/ICTBEHHO B OpU/DK-JOMEHe.

root Bo3BpaT B pe>kKUM IJ106aJIbHOM KOHQUTYPaAITUH.

commit [IppMeHeHte IPOU3BEeJeHHbIX HACTPOEK.
ITpumep. Bpudic-0oMeH ¢ mpems uHmepgeticamu u 0OHUM IK3eMNAAPOM VFI.

12vpn
bridge-domain example-bd
interface tengigabitethernet 0/0/15
exit
interface tengigabitethernet 0/0/1.400500
exit
interface tengigabitethernet 0/0/17.5
exit
vfi VFI-A
pw 10.10.10.214 300
pw-class example-class
exit
pw 10.10.10.220 312
pw-class example-class
exit
exit
exit
exit

NOTE B 6pHumK-1oMeHe MO>KeT OBITh He 60J1ee 0fHOTO 9K3eMIuisipa VFI.

HacTpo¥ka KpoCcC-KOHHEKTOB

g opraHusanuu L2VPN-cepBHCca C MCII0JB30BaHUEM KPOCC-KOHHEKTa He0OXOLUMO CO3/aTh Ha
yCTpoMcTBe HeobxXoguMbI AC, asleMeHT KoHGuUrypanuu P2P, BK/IIOUUTHL B JAHHBIM 3JIeMEHT
KOHOUIYpaAIIU COOTBETCTBYOIHUN AC ¥ CKOHQUTYPHUPOBATE TaM ke IICEeBOIIPOBOI.

Mexny AC u PW, BKIIFOUEHHBIMU B KPOCC-KOHHEKT, Oy/IeT IIPOU3BOAUThLCI KoMMyTanus Ethernet-
KaZpoB.

OCHOBHBIE IIPUHITAIIBI PabOThl KPOCC-KOHHEKTa aHaJIOTUYHBl IIPUHIMIIAM PaboThl OPHK-
IOMEeHa, OTJIMYMe 3aKJIHYaeTCs TOJAbKO B KOJIMYeCTBe BO3SMOJKHBIX 3JIEMEHTOB (B KPOCC-KOHHEKTe
MOKHO 00BeIMHATH TOJIbKO OOUH PW u oxuH AC), a TakKe B OTCYTCTBHH IIpoliecca M3y4eHHUs
MAC-azpecoB B KPOCC-KOHHEKTE.

Tabauya 63. Co3daHue u HacmMpotika Kpocc-KOHHeKma.
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KomaHnpa

confiqure

12vpn xconnect-group
XCONNECT_GROUP_NAME

p2p P2P_NAME

interface { tengigabitethernet |
bundle-ether |
fortygigabitethernet |

hundredgigabitethernet} num |
num.subif _id

pw IPv4 PEER PW_ID

pw-class CLASS NAME

mpls static label local
LOCAL_LABEL_VALUE
mpls static label remote
REMOTE_LABEL_VALUE

backup

pw IPv4 PEER PW_ID

pw-class CLASS_NAME

exit

exit

HasHaueHnue
Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

Co3maHue B KOHQUTYpaIMM YCTPOMCTBA HMEHOBAaHHOM
TPYHIIBI  KPOCC-KOHHEKTOB U  IIepexXofl B  PeXXUM
KOHQUTYPAITUH 3TOH TPYIIIIHL.

Co3aHre KpOCC-KOHHEKTa BHYTPU COOTBETCTBYIOIIEH
TPYIIIIBI M IIEPEXOJl B PEKUM HACTPOHKH 3TOTO KpOCC-
KOHHEKTA.

BxiroueHure yKkasaHHOI0 MHTepodetica b0 cabuHTepdetica
B COCTaB KpOCC-KOHHEKTa B KauyeCTBe HHTepodeiica
JIOKaJIbHOM KoMMmyTaIruu (AC).

Co3maHHe BHYTPH KpPOCC-KOHHEKTa IICEBIOIIPOBOJA [0
YKa3aHHOI0 YCTPOMCTBA M IIEpeXof, B PeKUM HaCTPOMKH
9TOr0 IICEBOIIPOBO/IA.

[Mapamerp PW_ID (Takke mpuMeHseTcd TepMuH VC ID,
Virtual circuit ID) CaOyKUT U4 UAeHTAQUKAIUU
IICEeBJOIIPOBOJA Ha YCTPOMCTBAX, OH HCIIOJb3yeTCd B
IIpoliecce CUTHA/JIM3allUU U HasHaYeHUs CePBUCHBIX METOK
U [0JDKeH OBITHh OJIMHAaKOBBIM [/ OJJHOTO U TOro >Ke PW Ha
000HX yCTPOMCTBAX.

IIpuBsg3Ka paHee CO3LaHHOIO B KOHQUIYpAIIUU IPOPUIII K
JaHHOMY IICEBJIOIIPOBO/Y.

IIpuBsska MPodmsd K  IICEBAOHPOBOAY  SBJISIETCS
00s13aTeJILHOM.

(ommyoHasbHO) 3ajaHHWe JIOKAJBHOM U yAaJeHHOU
cepBUCHOM MPLS-MeTKH i1 [TaHHOTO IICEBOIPOBO/A.
IlapamMeTpbl MCIOJB3YIOTCI B CJydae, KOTAa IIPOQUIb
IICeB/OIIPOBO/A IIpeAliojiaraeT MCIIOJIb30BaHUE PYYHOIO
HasHa4veHUs CEPBUCHBIX MeTOK ('manual’).

(onmuoHasbHO) Ilepexof B peskKMM HaCTPOMKHU 3aIlacHOTO
(backup) riceBmormpoBoza.

Cosmanue 3amacHoro (backup) mceBmompoBoma [0
YKa3aHHOT'0 yCTPOMCTBa U II€PeX0/i B PeKUM HAaCTPOUKU
3TOTO IICEBJIOIIPOBOZA. 3allaCHOM IICEBIOMPOBOJ OyaeT
UCII0JIb30BaThCS B CTydae 0TKa3a OCHOBHOTO.

[IpuBsisKa paHee CO3JaHHOI'O0 B KOHQUIypallUuU IIPOPUIA K
JaHHOMY IICEB/IOIIPOBO/Y.

BosBpart B pexkxuM KoHpuUrypauu backup PW.

BosBparT B pesKuM KOHQUTYpaAIUU OCHOBHOTO PW.

143



KomaHnpa

ignore encapsulation-mismatch
ignore mtu-mismatch

exit

transport-mode { ethernet | vlan }

mtu MTU_SIZE

root

commit

IIpumep. Hacmpotika Kpocc-KOHHeKma.

12vpn
xconnect-group EXAMPLE-GROUP
p2p PW-CUSTOMER-1

Ha3umaueHue

YcTaHOBKa peXuMa WIHOPUPOBAaHUA HECOOTBETCTBUSI
mapamMeTpPOB HHKAIICYJISIIIUU (THUIIA IICEBIOIIPOBOjA) JIMOO
3HauyeHUd MTU IIipu CUrHaIM3aIluy IICeBIOIIPOBO/IA.

Bo3BpaT B peXuM KOHQUTYpaIiiuy KpocC-KOHHEKTA.

YcTaHOBKA TPAHCIOPTHOIO peskuMa IICeBOIIpoBOZa B
MTaHHOM KpOCC-KOHHeKTa (type4/'port" u type5/'tagged"
COOTBETCTBEHHO, COINIaCHO crenudukaruu EoMPLS).
TpaHCIIOPTHBIN pe’kuM 3a/iaeTcs IJId Iejleil CUrHaau3aliuu
U He BiUdeT Ha 00paboTKy IiepefaBaeMoro IIO
TICeBIOIIPOBOAY TpadHKa.

VcraHnaBiuBaeT pasMep MTU B 6amiTax g JaHHOIO KpPocc-
KOHHeKTa. HacTpoMKa CIY>KUT [JIs IleJIel CUTHAJIU3aI[UH.

Bo3Bpar B peKuUM IJI06a/IbHOM KOHQUIYPaLIUH.

HpI/IMeHEHI/Ie IIPOM3BENEHHBIX HACTPOEK.

interface tengigabitethernet 0/0/9.2001

pw 2.2.2.2 4012
backup
pw 4.4.4.4 4018

pw-class example-class

exit

exit
pw-class example-class

exit

transport-mode vlan

exit
exit
exit
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HACTPOHKA MPLS TRAFFIC ENGINEERING

B JaHHOM IVIaBe pacCMaTPHUBAIOTCA IIPUHITUAILI OPTaHU3allii U HaCTPOMKHU QyHKIMoHasIa Traffic
Engineering.

[l Hayajia OIIpe/leJIUM HEKOTOphble TEePMHUHBI, KOTOpble OYAYyT HCIIOJH30BaHbBl B OMHCAHUU
Iporeayp KOHQUTypaIiuu:
 LSP—Label Switched Path. OmHOHanpaB/Je€HHBIN IIyTh, II0 KOTOPOMY KOMMYTHUPYIOTCS
ITaKeThl;

* TE-TyHHe/Ib — BUPTYaJbHBLIM OJHOHAIIPaBJIEHHBIN HHTepdelc, KOTOPhIM MMeeT OLUH WU
HeCcKOJIbKO LSP;

* IGP — ceMeMCTBO IIPOTOKOJIOB AWHAMHUECKOM MapIIpyTH3aIluM Ha 6a3e IMPUHIMUIIOB Link-
state;

* LSR— Labeled Switching Router. MapiipyTusaTop, KOMMYTHPYIOIIIUN 110 MeTKaM;
* Ingress LSR — oH sxe Head-End Router. MapipyTusaTop, ¢ KOTOPOro crapTyetT LSP;
» Egress LSR — oH ke Tail-End Router. MapiupyTusaTop, Ha KOTOPpOM TepMUHUpyeTcsd LSP;

* RSVP — IpOTOKOJI, UCII0/Ib3yeMbId QyHKIMOHaIoM MPLS TE mja pacrpocTpaHeHUsI MeTOK U
curHau3sauu LSP;

* CSPF — pacliMpeHHbIN aJTrOPUTM BBIOOpaA JIydlllero nyTH. YMeeT, Kak U OSPF/ISIS, cTpouTh
KpaTyaMlliie IIyTU Ha OCHOBE TOIIOJIOTMYECKOM 6a3bl JaHHBIX, HO IIPA 3TOM YUYHUTHIBATh
OTpaHUYeHUs, HaKJIalblBaeMble Tpe60BaHUIMU K TE-TyHHeIsIM.

HeoO0xoauMeble miaru ajis1 Hactpoinku MPLS TE

Ha mapmipyrusatopax Eltex cepuu ME 1 obecrieyeHus: pa6otsl ¢pyHKImoHasa MPLS Traffic
Engineering Tpe6GyeTcs BBIIIOJHUTE CJIeIVIOIIMeE eHCTBUL:

1. HacTtpouTh MHOPACTPYKTYPy PacIpOCTpaHEHUsI TPAHCIIOPTHBIX METOK U CIyKeOHBIX RSVP
COO0OIIeHUH, TO eCTh 06ecreYuTh [P-CBA3HOCTH C APYITUMHU YCTPOUCTBAMU CETH;
2. AxtuBupoBaTh pacimpeHud Traffic Engineering 11g ucmob3yeMoro npoTokosia IGP;

3. AKTUBUPOBATH IPOTOKOJI RSVP Ha mHTepdeiicax MapIIpyTU3aTOPOB [JIs IIpHeMa U OTIPaBKU
CIIy>KeOHBIX COOOIEeHUN;

4. Hactpouthb MPLS TE-TyHHeJIb;

5. AKTUBUpOBaTh MexaHu3M CSPF.

KoHeyHBIM pe3yJbTaTOM HACTPOMKU sBJsIeTCd pPaboTocriocob6Hblt TE-TyHHeNIb, KOTOPBIN
aBJIgeTcs TpaHcnopToMm 1 L2/L3VPN-cepBHCOB.
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HacTpo¥yika "HQPaCTPYKTYPHI pacIpoCcTpaHeHUsI
TPAHCIOPTHBIX METOK

B nepByro ouepeqb, [JIs1 paclpoCTpaHeHUsI MeTOK He06X0AUMO 06ecrieuuTh [P-CBI3HOCTb MeXIy
loopback-uHTepdericaMu MapIIpyTU3aTOPOB, YTOOBI IIPOTOKOJI RSVP Mor OTIIpaBiIATh U 10Jy4aTh
cay>keOHBIe cooOIeHus. /i1 3TOr0 Heo6X0AMMO aKTHBUPOBATh IIPOTOKOJI IP Ha MHTepdericax
LSR-a u akTuBHpoBaTh pabory IGP mporokosa (ISIS mim OSPFv2) mia obMeHa MapIlIpyTHOMH
uHdopmariyeii. IIocyie TOro, Kak B CeTH IT0SIBUIACH [P-CBI3HOCTE Mexxny loopback-unTepdeitcamu
LSR-0B, MOKHO CYUTATh, YTO UHOPACTPYKTYpa /I pacIipoCcTpaHeHUs MeTOK CO3/laHa.

BxirroueHue koMmmyrannuu MPLS-makeToB Ha
nHTepdeicax

Tabauua 64. Bkaouenue MPLS kommymavuu Ha unmepdgeticax LSR.

Komanpa HasHayeHmue

configure [Tepexof B pesKUM IV1060aIbHOM KOHQUTYpaIluH.

mpls [Tepexof B pesKUM KOHQUTYpAITUU IIPOTOKOJIA mpls.
forwarding Ilepexof B peskuM KoHurypanuu MPLS forwarding.
interface <type> BriiroueHve Ha uHTepdeiice QyHKIMOHAasa KOMMYTaIliK
<unit>/<dev>/<port>.<sub> labled IP makeToOB.

root Bo3BpaT B peXXuM I106a7IbHOM KOHQUTYPAITUH.

commit ITprMeHeHMe IIPOM3BEeAeHHBIX HACTPOEK.

ITpumep. BkaroueHue kommymauuu MPLS-nakemos Ha uHmepdeticax

mpls
forwarding
interface loopback 1
interface tengigabitethernet 0/0/17.353
interface tengigabitethernet 0/0/18.200
interface tengigabitethernet 0/0/20

exit
exit
B maHHOM HOpHMepe BHAHO, YTO B KOHQUIYpaIUM IIPUCYTCTBYET HHTepQerc
loopback 1, mpu 3TOM I1aKeTsl Yepes JaHHBINM UHTep¢elic He epeparTcd. OfHAKo,
koMmaHza 'mpls forwarding interface loopback N' BeIIIOJIHSET ellfe OAHY Ba KHYIO
NOTE ¢yHkuro. Ha MapiipytusaTtopax cepurt ME MeTKU reHepUPYIOTCA TOJIBKO I TeX

connected-npe¢uKcoB, HHTepdelChl KOTOPBIX [A00aBjleHbl B pasfgea 'mpls
forwarding'. Ecsiu Heo6xoxumo, uTo6bl Egress LSP mosiygasy COOTBETCTBYHOIIHE
MPLS MeTKH, HY>KHO 106aBaATh loopback unTepdertic ¢ IP-agpecom, paBHbIM LSR-
ID B pasges 'mpls forwarding'.
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AxTuBanua nogaep kK TE B IGP mpoTokoJie

Hamuumg IP-cBg3HocTH Mexay loopback-uHTepdericaMu  HeZOCTAaTOYHO [JId  pabOThI
¢yuknmonana Traffic Engineering. Heob6xomumo, 4To6bI IIpoTOKOJ IGP pacmpocTpaHuI
IOIIOJTHUTEIbHYI0 HHPOpMaIltio 06 HHTepdelicax MapIIpyTU3aTOPOB (HallpuMep: max-resv-band,
available-resv-band, admin-group, te-metric). 3Ta AOIOJIHUTeJbHAasA HWHOPMAILWsA II03BOJIUT
MapIIpyTHU3aTopaM CeTH paccuuTaTh LSP ¢ ydyeToM orpaHUYeHUMN, HaKJaJblBaeMbIX Ha LSP
KoHurypanuent TE-TyHHeI4.

[Mopgmeprxka TE mo/pKHaA OBITH BK/IOUEHA Ha BCeX CKOHQUIYPUPOBAHHBIX
IMPORTANT nporokosiax IGP, B mpoTuBHOM ciay4yae ¢yHKnuoHaa MPLS TE 6yxer

JeaKTHUBHPOBAH B YCTPOMICTBe.

Tabauua 65. Akmusauus noddepacku Traffic Engineering 6 npomoko.se OSPF.

KomaHnpa HasnaueHue
configure [Tepexof B pesXUM IVI06aJIbHOM KOHQUIYpaIlHHU.
router ospfv2 NAME Cosmanue B kKoHQuryparmu OSPFv2 1iportecca ¢ UMeHeM

NAME ¥ iepeXxo[] B pe>KUM eTr0 HaCTPOUKH.

te-router-id A.B.C.D B pexxume koHurypanmu mporecca OSPFv2 Heo6Xogumo
ykasaTh IPv4-azpec, UCII0/Ib3yeMBIH B KayecTBe LSR-id.

area A.B.C.D Cosmanue B KoHuryparmu OSPFv2 1mporecca 06j1acTH C
HoMepoM A.B.C.D. [lapameTp sBJigeTcsI 0093aTeJbHBIM IIPHU
CO3[JaHUHU 00JIaCTH.

JonrycTuMBble GOPMEI 3a/laHUS:

* A.B.C.D — co 3HaueHHusIMH [0..255] B Ka>KIOM OKTETE;

e Number — co 3gaueHuem [0..4294967295];

interface <type> [lepexom B peXuM KOoHQUrypanuu IiapameTpoB OSPF
<unit>/<dev>/<port>.<sub> uHTepderica.
te-support AKTHUBHUPYET TOJePKKy dyHkImonasma MPLS TE Ha OSPF-

uHtepoetice. [Tocse akTUBAITUU UHTEPPec 6yeT crrocobeH
obpabaTeiBaTh T.H. Opaque LSA, B KOTOpPBIX U IlepefaeTcs
HHpopMalysg, HeobXoguMas [JId TOIIOJIOTMUYECKOM 6asbl
naHHbIX (TEDB).

commit ITpuMmeHeHMe ITPOM3BEeIeHHEIX HACTPOEK.

TakuMm o6pasoM, i akTuUBanuu ¢yHkiuoHara MPLS TE B mpotokosie OSPF
NOTE HeOoOX0IMMO yKasaTh IlapaMeTp 'te-router-id' ¥ BKJIIOUHUTH 'te-support’ Ha Tex
uHTepdericax, yepe3 KOTopble 6yeT unTu oomMeH OSPF LSA.

IIpumep. Akmusayus MPLS TE 8 npomoko.ie OSPFv2.

router ospfv2 BackBone_Region1
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area 0.0.0.0
interface loopback 1
exit

interface tengigabitethernet 0/0/17.353

te-support
exit

interface tengigabitethernet 0/0/18.200

te-support
exit

interface tengigabitethernet 0/0/20.350

te-support
exit
exit
te-router-id 3.3.3.3
exit

Tabauua 66. Akmusayus noddepacku Traffic Engineering 6 npomoxo.e ISIS.

KomaHnpa

confiqure

router isis NAME

te-router-id A.B.C.D

ipv4-te-level level-N

interface <type>
<unit>/<dev>/<port>.<sub>

address-family ipv4 unicast

commit
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HasnaueHue
[Tepexof B pesXuM 171062/ IbHOM KOHQUTYPaLIH.

Cospmanue B KoHOuryparuu ISIS mpomecca ¢ umeneM NAME
U IIepexo/i B Pe’KUM ero HaCTPOUKH.

KoMaHa orpefiesisieT ItapaMeTp 'te-router-id' g mmpoigecca
ISIS.

KomaHza ompepesnser kKakod Ttun 'level-1' wiu 'level-2'
UCIIOJIb3yeTCcd Iph  paboTe  ¢yHKImoHasma  Traffic
Engineering.

JlortycTMBble GOPMEI 3a/laHUI:
* level-1 —ISIS  mapiupyrusatop  sBigercd  level-1
YCTPOUCTBOM;

* level-2—1ISIS  mapiupytusatop  gBigerca  level-2
YCTPOHCTBOM;

ITepexo, B peXUM KOHQUIypauu IapamerpoB ISIS
uHTepderica.

KoMmaHzia akTUBUpYyeT IIPOTOKOJI ISIS B pesxxuMme Integrated.
JloryctrMble GOPMBI 3afaHU:
* ipv4 unicast—ISIS paboraeT Ha wuHTepdeiice g

MapuipyTusanuu IPv4 makeTos;

* ipv6 wunicast—ISIS paboraeTr Ha wuHeTpderice AIA
MapuIpyTusanuu IPv6 rmakeTos.

[IppMeHeHMe IIPOH3Be/JeHHBIX HaCTPOEeK.



NOTE

TakuMm o6pasom, A akTuBanuu ¢yHkKiuoHasra MPLS TE B mporokosie ISIS

He00X0/IMMO yKa3aTh I1apameTp 'ipv4-te-level' u 'te-router-id'.

Ipumep. Akmusayus MPLS TE 8 npomoxoae ISIS.

router isis BackBone_Region
interface loopback 1
address-family ipv4 unicast
exit
passive
exit

interface tengigabitethernet 0/0/17.353

address-family ipv4 unicast

exit

level level-2

metric 5

exit
exit
host-name Router1
ipv4-te-level level-2
is-level level-2
net 49.0000.0100.0001.9004.00
te-router-id 10.0.19.4

exit

AxXTHBanua nporokosa RSVP Ha unrepdeircax

g paborsl pyHKIMoHana Traffic Engineering Heo6xoguMa TakoKe pabora mmpoTokosia RSVP Bo
BceM IGP-momeHe. /l19 3TOT0 Ha KaXKZ0M MapllpyTusaTope B IGP-m1oMeHe HEOOXOJUMO BK/IIOUYUTH
IpoToKoJ RSVP (kak Ha MHTepdeiicax, yuacTByHIIUX B ¢popBapauHre MPLS Tpaduka, Tak U Ha
loopback-unTtepdetice, sBisaroiuMcs LSR ID mapiipyTusaTopa).

Tabauua 67. Akmusayus noddepacku Traffic Engineering 6 npomoxoe ISIS.

Komanpga

configure
mpls

rsvp

interface <type>
<unit>/<dev>/<port>.<sub>

maximum-reservable-bandwidth
BANDW

Ha3HnaueHue
[Tepexof B pesKuUM 171062/ IbHOM KOHQUTYPAIIHAH.
[Tepexof B pesKUM KOHQUIYpAITUU IIPOTOKOIa mpls

[7106a/1bHOE BKJIIOUEeHMe IIpoTOKosia RSVP u mepexon B
PeXyUM ero KOHQUIypaIjyu.

BxuiroueHue mpoTokosia RSVP Ha mHTepdelice U Iepexop B
pe’xuM KOHQUTYpaIiuy I1apaMeTpoB IIpoToKoJia RSVP.

(OmmmonanbHO) OlpefesieHHWe OLHOIO M3  BO3MOXKHBIX
aTpubyToB HHTepderica - max-resv-band, KOTOpbIH OyzmeT
pacopocTpaHeH 1o TollosiornueckuM 6asam (TEDB) Bcex
MmapurpyrusaTopoB IGP  pgomeHa ¢ BKJIKHYEHHBIMU
pacuupenusamu st MPLS TE.
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Komanpga HasHaueHue

hellos hello-interval MILLISEC (OmmmoHanbHO) BrurroyeHuwe ¢QyHKumM  rsvp-hello Ha
uHTepderice N - UHTepBaJI OTIIPABKU B MUJIJTUCEKYH/IAX .

commt [IppMeHeHte IPOU3BEeJeHHbIX HACTPOEK.
IIpumep. BkaroueHue npomoko.ia RSVP.

mpls
rsvp
interface loopback 1
exit
interface tengigabitethernet 0/0/17.353
hellos hello-interval 2000
maximum-reservable-bandwidth 200000
exit
interface tengigabitethernet 0/0/18.200
hellos hello-interval 2000
maximum-reservable-bandwidth 102400
exit
exit

Hactpoyka MPLS TE TyHHe/1s1

[Tocste TOATOTOBKM HMHQPACTPYKTYPHI, aKTHUBAIlMU IIPOTOKOJIBHBIX pacliupeHuit IGP pysa
nognep>kku MPLS TE u pasBeprhiBaHud RSVP Ha wMapmpyrtusatopax IGP-momeHa MOKHO
IPUCTYIIATh K HacTpolKe TE-TyHHee.

Tabauua 68. Jlas kongueypauuu TE-myHHes1 He06X00UMo:.

Komanpa HasHayeHmue

configure [Tepexof B pesKUM IV1060aIbHOU KOHQUTYpaIluH.

mpls [Tepexof B peKUM KOHQUI'YpAITUU IIPOTOKOJIA mpls.

rsvp [7106a71bHOE BKIIIOUEHHEe IIpoTOKosia RSVP U Iepexon B

PeXUM ero KOHQUTYpaIlUH.

tunnel Name CospmaHue TYHHeJIA ¢ UMeHeM Name U IIepeXo/l B PesKUM ero
KOHQUIypaIUU.
bandwidth BW (OnmmuonanbHO) KoMmaHza  BBIIIOJIHAETCA B peXHUMe

KOHOUIypalluu TyHHeJsd M OllpefiesiieT TpeboBaHUe
pesepBUPOBAaHM II0JIOCHI IPOITYCKaHUA I LSP-TyHHeJI.
ITo cyTu 9TO OrpaHHUYeHHe, KOTOPOe YUYHUTHIBAeT IIPOTOKOJI
CSPF mpu pacuére KpaT4yawuIllero pacCTOSHUS OT source K
destination.

source A.B.C.D KomMmaHnpa ykaseiBaeT IPv4-anpec, IpuHaIeXaluii OqHOMY
u3 loopback-unrepgericoB Ingress LSR-a. PekoMeH0BaHO
HCII0/Ib30BaTh Source IPv4, paBHbIN LSR-ID Ingress LSR.
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KomaHnpa

destination A.B.C.D

tunnel-1sp Name

path-computation { dynamic
explicit }

explicit-path-name Name

commit

Ha3umaueHue

Komanpa ykaseiBaetT IPv4-anpec, IpyUHaIesKaluil OGHOMY
u3 loopback-unrepdeticoB Egress LSR-a. PekoMeH[0BaHO
HUCIob30BaTh Destination IPv4, paBusbIil LSR-ID Egress LSR.

Komanza ykaseiBaeT uMs RSVP LSP, kortopoe Oyzmer
HUCII0Jb30BAaThbCsI  IIPpU  IIocTpoeHMH RSVP LSP m
IIepeKJIroYaeT B PeXKUM ero KOHQUIypaIjiu.

KoMmaHzma  ompefesigeT  CIIOCO6  BBIYMC/IEHUd  IIYTH
npoxoskaeHus RSVP LSP.

JonrycTuMBble GOPMBI 3a/laHUS:

* dynamic — RSVP LSP cTpouTCs C IIOMOIIBI0 IIPOTOKOJIA
CSPF ot source mo destination ¢ y4yeToM HaJIO’K€HHBIX
KOHUTryparuen TE TYHHeJId OTpaHUYeHUU
(bandwidth/explicit-path/affinity);

* explicit—RSVP LSP  cTpouTCd  Bpy4YHYI, T.e.
II0JIb30BaTeNb 0053aH caM IpomnucaTh Bce hop-bI B
KoHurypanuu explicit-path B pexume strict.

(OnmmponanbHOo) KoMmaHza  BBIIIOJIHAETCA B peXHUMe
KOHQUrypanuu tunnel-Isp 1 HakJIaZgbIBaeT OrpaHUYeHHUe Ha
BO3MOJKHBIU IIyTh OPOXOKAeHUsa LSP. 3To OMH U3 BUOB
OTpaHUYEHHM, KOTOPBIM Y4YHUTBIBaeT IIPOTOKON CSPF B
cBOel pabore. /laHHasg KOMaH/a M0>KeT KOMOMHUPOBATHCA C
path-computation dynamic.

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

ITIpumep. Hacmpotika MPLS TE myHHeAs ¢ umeHeMm "44".

mpls
rsvp

interface tengigabitethernet 0/0/17.353

hellos hello-interval 2000

maximum-reservable-bandwidth 200000

exit

interface tengigabitethernet 0/0/18.200

hellos hello-interval 2000

maximum-reservable-bandwidth 102400

exit

explicit-path not_over_ne5k
explicit-route-object @

ip-prefix 192.168.54.26/32

exit

exit

tunnel 44
bandwidth 1000

destination 10.0.19.1
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source 10.0.19.4

tunnel-1sp my-1sp1
explicit-path-name not_over_ne5k
path-computation dynamic

exit

exit
exit
exit

Koudurypanusa TE-TyHHess B IIpUMepe BBIIIe OIpejesseT, 4To IIpu pacdeTe RSVP LSP
HaKJIaZAbIBAIOTC CIeAYIOIe OTpaHuYeHU:

* IIpoxXoAUTh RSVP LSP mo/DKeH TOJBKO Uepes3 Te MHTepP(ENChl, B KOTOPhIX €CTh BO3MOKHOCTh
3apesepBupoBaTh 1Mbps;

* RSVP LSP noJpKeH IIpOXogUTh Yepes HHTepderic ¢ IP-agpecom 192.168.54.26.

Hactporika orpanunyeHuii 11t RSVP TE TyHHe st

OmHOM M3 KJII0UEBBIX BO3MOKHOCTeN ¢yHKIMOoHaIa MPLS TE gBjisgeTcsI BOSMOKHOCTh YCTaHOBKH
Pas3JIMUHBIX OrPaHUYEeHUN U ycaoBUM A TE-TyHHesel. [Ipu koHPurypupoBanuu TE-TyHHeSI y
II0JIb30BaTesId eCThb BO3MOYKHOCTH yKas3aTh OIIpefie/ieHHble OTPaHUYEHUs B 3aBUCUMOCTHU OT
II0TPeOGHOCTEN B Ilepefjaue CEpPBUCHOIO TpaduKa — HaIIpUMep, IlepeaBaTh TpaQUK TOJIBKO yepes
Te UHTepdelichl, HA KOTOPBIX eCTh BO3MOXKHOCTBH 3ape3epBHPOBATh II0JIOCY IIPOIyCKaHUSI B N
Mbps; win/u 3amnper Ha Iepenauy Tpadpuka udepes uHTepderic ¢ IP agpecom A.B.C.D; win/m
paspeleHo IpoxoXKaeHne TpadpuKa yepe3 UHTepeliCchl, KOTOpble IIpUHaAIe)kaT peruony 'T' minu
peruoHy 'N', HO 3ampellleHa Ilepefaya 4Yepe3 HHTep(euchl, KOTOphle BKJIKYEHHI B pPaguo-
pesiefiHyI0 TpaHCMHUCCUIO. 1 T.JI., MOXKHO IIpHUAyMaTh OIPOMHOE KOJI-BO OIpaHUYeHUU (IIaBHOe
4TOOBI OHU OBIIU OITMCAHBI B JOKYMEHTAIlUU Ha CeTh).

Kak paboTarT orpaHUYeHUs:

1. Kaxxzpiii LSR 0/0KeH UMeTh TOIIOJIOTUUYeCcKYr 6a3y ceTH, B KOTOPOH [TO/DKHA IIPUCYTCTBOBATh
IOIIOJTHUTEeJIbHas MHPOpMaIlus 10 CPaBHEHUIO C TPAAUIIMOHHOM LSDB;

2. [l TOrO, YTOOBI BBIIIOJIHUJICA IIEPBBIM IIYHKT, HEOOXOZMMO IIPOIMCATh [OIIOJHHUTE/IbHBIE
aTpuOyTel MHTepdeiicaM (max-resv-band/link attribute/te metric) Ha uHTepdeiicax LSR B IGP
IOMeHe;

3. Jluig TOrO, 4YTOOB! BBIIIOJTHUJICA IIEPBBIM IIYHKT, TAKKe He0OX0AUMO, UTOOBI [JOIIOJTHUTeIbHbIE
aTpuOyTHl PaCIPOCTPAHWINCH II0 ToIloJoruyeckuM 6a3am maHHBIX (TEDB) Bcex LSR B IGP
JOMeHe — [IJIS1 3TOr'0 HY>KHO BK/IIOUUTE IToaAep>kKy MPLS TE B mpoTokoJie IGP;

4. Tlocme Toro, xak Bce LSR MOJIyYMJIM ULEeHTUYHYI0O TOIIOJIOTUUYECKYI 06asy O CeTH, B [eJI0
BcrynaeT ajaroputMm CSPF (Constraint Sortest Path First). OH BeIUMC/IsIeT KpaTYaWIIIUK IIYTh OT
Ingress LSR o Egress LSR, KOTOPBIN yAOBJIETBOPSIeT HAOOPYy OrpaHUYEHUM, IIPOIIMCAaHHBIX B
HacTpoiikax TE TyHHesd. EC/IM TaKOM IIyTh BEIYUC/IATE YaJI0Ch, TO pe3yabTaToM paboTsl CSPF
OyZeT CIIUCOK y3JI0B, Yepe3 KOTOpble He0OX0UMO IIPOoJIoKUTh RSVP LSP 1myig TE-TyHHe . 3TOT
CIIMcoK HaseiBaeTcsd Explicit Route Object (ERO);

5. Ha ocroBaruu ERO nnpoTokosr RSVP HauHeT IIOIILITKH YyCTaHOBUTH RSVP LSP.
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HacTpoiika orpaHHYeHUii: pe3epBHpPOBaHUE IOJIOCHI IIPONYCKAHMS I

RSVP LSP.

111111

i ] 152
Ip:192.168.54.1713!

Tunneldl (Up)

|||||

Figure 1. IIpumep 1: Kongueypauyus TE-myHHe 5 ¢ mpebo8aHueM pe3epeupo8aHuUs N0A0CbL NPONYCKAHUSL

85 Mbps.

KomaHnga

configure
rsvp

interface te@/0/17.353

interface te0/0/18.200

maximum-reservable-bandwidth
100000

exit

HasnaueHue
Ilepexof B peXuM Iv106a/IbHOM KOHQUTYPALIH.
Ilepexof B pesKMM HACTPOHKHU IIPOTOKOJIa RSVP.

BxiroueHue npotokosia RSVP Ha nHTepdetice te0/0/17.353.

O6paTuTe BHMMaHHE, UTO aTPUOYT
IMPORTANT max-resv-band He yKasaH Ha
UcxogsieM uHTepodeiice te0/0/17.353.

BxuroueHue nipotokosia RSVP Ha uHTepdetice te0/0/18.200.

B pexxumMme xoHurypanuu RSVP mmapaMeTpoB HHTepdeiica
te0/0/18.200 3amaHa MAaKCHMaJbHO BO3MOYKHAsI  [JIsd
pe3epBHpOBaHUSA 110JI0Ca IpoIrycKaHud - 100Mbps.

BosBpat B pe’kuM KoHpurypanuu RSVP rmpoTokoJia.
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Komanpga HasHaueHue

tunnel 41 Cosmanre MPLS TE TyHHess ¢ uMeHeM 41 W IIepexof B
PEYKHM ero KOHQUTYpaLHH.

bandwidth 85000 Tpe6oBaHHe pe3epBHUPOBAHMA II0JOCHI IIPOIYCKAaHUSA 85
Mbps Ha ucxoganux uHrepdericax B IGP gomeHe gy LSP
TE-TyHHeJIA.

description from_ER@5_to_ER07 TexcToBoe omnmcaHue TE-TyHHens. KoMmaHa He HMeeT
QYHKITMOHAILHOTO 3HAuUeHMs, HO IIOMOraeT B aHaJIH3e
KOHQUTYpaIiH.

destination 10.0.19.1 Onpenerenwe  IPv4  agpeca  Ergress-LSR-a.  Te.
MapIIpyTH3aTopa Ifge OyfeT TepMHHHpoBaThca TE-
TYHHeJIb.

source 10.0.19.4 Ompepesnenue IPv4 afpeca ¢ Ingress LSR-a. T.e. mHTepdeiica

C KOTOporo OyzeT crapToBaTh TE-TyHHeIIb.

tunnel-1sp ER@5_to_ER@7 VkasaHMe HMeHM RSVP LSP  TE-TyHHens  (0HO
CUTHAJIU3UPYeTCd IIPOTOKOJ0M RSVP) U mepexon B peXuMm
ero KOHQUIryparumu.

path-computation dynamic IIpoTokos CSPF 6yzieT y4acTBOBATh B pacdyéTe ITyTH.
exit BosBpart B pesxuM HacTpoek TE-TyHHeJId.

exit BosBpat B pe>XuM HacTpoek npoTokosa RSVP.

root BBIX0/I B peKUM I7100a/IbHOM KOHQUTYpAITUU.
commit ITpuMeHeHMe IIPOU3BELeHHBIX HACTPOEK.

ObpaTuTe BHHUMaHUe Ha TO, Kak mnporuesn LSP TE-tyHHess 41. Ecoiu cuuTaTh, YTO
BCe JIMHKH UMeI0T OJUHaKoBYI0 TE MeTpUKY, TO KpaTYaHIlIUMHU IIYTIMH OYAYT:
- ERO5 - ER06 ~ ERO7
- ERO5 — ERO8-ER07
OTBeT Ha BoIpoc, royemy RSVP LSP mpoliresr He caMbIM OIITUMAaJIbHBIM IIyTEM -
ERO5 —~ ER06 —» ER08 » ER07, 3ak/rouaeTcsi B TOM, UTO B KOHQUIYPAITUU HUCXOAAIITUX
unrtepdericoB Te0/0/17.353 u TEe/0/17.358 He ykasaH aTpubOyT max-resv-band, a
NOTE 3HAa4yUT, OHU He MOTYT pe3epBUPOBAThH II0JIOCY IIPOIyCKaHMWs, KaK TOTO Tpebyer
koHOuryparusa TE-tyHHenda 41. CooTBeTcTBeHHO, anroputm CSPF paccuuran
eUHCTBEHHO BO3MOJKHBIM IIyTh, KOTOPBHIM YAOBJIETBOPSIET OIPaHUYEHHUIO,
HakiansiBaeMoMy TE-TyHHeseM 41. Ha pHCyHKe MOXKHO HaWTHU U [pyTHe
UHTepQeCcrl, KOTOpble He UMeIOT B CBOeM KOHQUIypaIjuyd aTpUOuyTa max-resv-
band, HO Mg TE-TyHHenda 41 uUX KOHQUIypallvsd He MMeeT 3HayeHUd T.K. OHU
SBJIAIOTCS BXOAIMMHY, a He HUCXOAAIIMMU UHTepdeicaMHy 110 OTHOIIEHUIO K ero
LSP.

Hactpoiika orpanudyenmuii: explicit path
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MES200
ER06
1d:10.0.19.2

b

1p:192,168.54.17/30.

Tunneldl {Up)

Ip: 192.168.54.

Figure 2. [Ipumep2. KoHgueypauus TE-myHHe ¢ oepaHuueHuem 8 gude explcit path.

B maHHOM IpuMepe pacCMOTPHUM APYTOM TUII OTpaHUUYeHUU - explicit-path. ITpeamosoxuM, 4yTo
HeoOXOJMMO SIBHO yKasaThb BCe XOIIbl, Yepe3 KOTOpble NoJDKeH IIpodTu RSVP LSP. /Uit sToro B
npuMepe cosgaerca explicit-path 'over_ne5k, B KOoTOpoM yKasaHbl BCe IIPOMeXyTOUYHBbIe ip-
uHTepderchl, yepe3 KOTOpble Mo/DKeH nporTu LSP. B pekume koHburypamuu tunnel-lsp TE-
TyHHeJs 41 ynaseHa KoMaHza 'path-computation dynamic', TeM caMbIM aKTUBUPOBaH PeXUM I10
yMoOJIYaHHUI0 — 'path-computation explicit'.

Ha 1mpakTuke ykasbiBaTb Bce hop-pl B KoHurypanuu explicit-path M36BITOUHO U HeruobKo,
II09TOMY OOBIYHO YKa3bIBaKT TOJIBKO OIIpe/ie/IEHHbIe TOUKH, Yepe3 KOTOPbIe JO/DKeH IIPOUTH LSP,
cHabkasd ux arpubyroM 'loose’ BMecTO 'strict, a B KoHurypanuu tunnel-lsp TE-TyHHesa
yKasbIBalT "path-computation dynamic'.

[Ipumep KoHUIypaluy, IIpokJazbpiBaroIiuii RSVP LSP Tem ke myTeMm, HO B pexume 'path-
computation dynamic':

mpls
rsvp

interface loopback 1

exit

interface tengigabitethernet 0/0/17.353
maximum-reservable-bandwidth 102400

exit

interface tengigabitethernet 0/0/18.200
maximum-reservable-bandwidth 102400

exit

explicit-path over_ne5k
explicit-route-object 0

ip-prefix 192.168.54.21/32

exit
explicit-route-object 1
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ip-prefix 192.168.54.17/32
loose
exit
exit
tunnel 41
description from_ER@5_to_ER@7
destination 10.0.19.1
source 10.0.19.4
tunnel-1sp ER@5_to_ER@7
explicit-path-name over_nebk
path-computation dynamic
exit
exit
exit
exit

[TocMoOTpeTs, uepes Kakue hop-bI mocTpomsicss RSVP LSP, MO)XXHO KOMaH/I0:

0/ME5100:ERO5# show mpls rsvp tunnels-lsp tunnel 41
Tue Sep 17 09:39:31 2019
Tunnel: 41, id: 1
LSP name: ER@5_to_(7206, signaled-name: 410ER@5_to_(C7206, id: @, Source:
10.0.19.4, Destination: 10.0.19.1
State: up, Resource status: primary, Protection role: working
Direction: ingress, Node protect: disabled, Bandwidth protection requirement:
disabled
Carrying the normal traffic after protection switching: no
Protected by a fast reroute: none
Downstream repaired: yes
Path recording is desired
SE Style 1is desired
LSP rerouting is none
OAM MEP entities are not desired
OAM MIP entities are not desired
Upstream information:
Previous hop: 224.0.0.0
Downstream information:
Next hop: 192.168.54.5
Signaling interface: Tengigabitethernet0/0/18.200
Neighbor: 192.168.54.5
Label: 17, type: mpls-label
Incoming explicit route hops:
Index identifying a particular hop: 1, excluded: no
Explicit route hop prefix: 192.168.54.6/32 <<<<<< Xon 1
Index identifying a particular hop: 2, excluded: no
Explicit route hop prefix: 192.168.54.5/32 <<<<<< Xon 2
Index identifying a particular hop: 3, excluded: no
Explicit route hop prefix: 192.168.54.30/32 <<<<<< Xon 3
Index identifying a particular hop: 4, excluded: no
Explicit route hop prefix: 192.168.54.29/32 <<<<<< Xon 4
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Outgoing explicit route hops:
Index identifying a particular hop: @, excluded: no
Explicit route hop prefix: 192.168.54.5/32
Index identifying a particular hop: 1, excluded: no
Explicit route hop prefix: 192.168.54.30/32
Index identifying a particular hop: 2, excluded: no
Explicit route hop prefix: 192.168.54.29/32
RSVP incoming recorded route object information:
Index identifying a particular hop: 0
The address of this recorded route hop: 192.168.54.5, IP prefix flag: none
Index identifying a particular hop: 1
Label 17, Type mpls-label
Is a reverse direction label, Flags: globallabel
Index identifying a particular hop: 2
The address of this recorded route hop: 10.0.19.1, IP prefix flag: node-id
Index identifying a particular hop: 3
Label 3, Type mpls-label
Is a reverse direction label, Flags: globallabel
Index identifying a particular hop: 4
The address of this recorded route hop: 192.168.54.29, IP prefix flag:
none
Index identifying a particular hop: 5
Label 3, Type mpls-label
Is a reverse direction label, Flags: globallabel
RSVP outgoing recorded route object information:
Index identifying a particular hop: 0
The address of this recorded route hop: 192.168.54.5, IP prefix flag: none
Index identifying a particular hop: 1
Label 17, Type mpls-label
Is a reverse direction label, Flags: globallabel
Index identifying a particular hop: 2
The address of this recorded route hop: 10.0.19.1, IP prefix flag: node-id
Index identifying a particular hop: 3
Label 3, Type mpls-label
Is a reverse direction label, Flags: globallabel
Index identifying a particular hop: 4
The address of this recorded route hop: 192.168.54.29, IP prefix flag:
none
Index identifying a particular hop: 5
Label 3, Type mpls-label
Is a reverse direction label, Flags: globallabel

Crioco0bI IepeHanpaB/JIeHUsI CEpPBUCHOI0 Tpadpuka B
TE-TyHHEJIB.

[Tocsie Toro, kak LSP TE-TyHHeJIs YCIIeITHO ITOCTPOMJICS IIPOTOKOJIOM RSVP, cepBUCHBIN TpadUK B
Hero aBTOMaTH4YeCKHU IlepefaBaThCsa He OyneT. /I TOro, YTOOHI IlepeHalpaBUTh Tpapuk B RSVP
LSP, He06X0UMO BBIIIOJIHUTH TOIIOJTHUTEIbHBIE TeICTBUS.

PaccMoTpuM passivyHble BapUaHTHI:
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* IGP shortcut—sto coco6 npeacraBuUTh TE-TyHHe b, KaK UHTepdelc ¢ BKIOUYeHHBIM IGP-
IIPOTOKOJIOM U HasHaYeHHOM MeTPUKOM, IIpU 3TOM HHOpMalyd 0 JaHHOM HHTepdelice He
a”HoHcupyeTca B IGP momeH; ciefoBaTeJBbHO, APyrHue MapLIpPyTH3aTOPLI He 3HAKT O ero
CyII[eCTBOBaHUU U He MOI'YT IlepelpaBUTh TpapuK uepe3 TE-TyHHeIIb;

» Static route—sTOT CII0cO6 II03BOJISET, MUCIIOJBb3ysl CTATUUYECKYH MapIIpyTHU3alliio,
nepeHanpaBUTh Tpaduk U3 GRT B TE-TyHHeJIb.

* L3VPN Forwarding — y11 Toro, 4yro6sl RSVP LSP paccmaTpuBasicsi MapIIpyTHU3aTOPOM Kak
BO3MOJKHBINM MHTep¢euc Aj1d JoCcTaBKU Tpaduka K nexthop’y mapuipyra B VRF, He06X0AHUMO
BBIIIOJIHUTE KOMaHAy '13vpn' B pexxriMe KOHQUTYpaITUU IPoToKoIa RSVP;

* L2VPN switching — 19 Toro, 4To6bI CEpBUCHBIN TpadUuK u3 xconnect uiu bridge-domain mor
ObITH IepenaH yepe3 RSVP LSP, Heo6xoauMmo B KoHuryparuu PW L2VPN-cepBuca ykKas3aThb
KOMaHZy 'transport rsvp tunnel Name'.

PaCCMOTpI/IM 3TH cII0CcO6BI 60JIee JeTaJIbHO.

IIpumep xoHGurypanuu ¢popBapauHra rpaduka us GRT uepes3 TE-TyHHeEIb
meToa0M IGP shortcut

Ha wMapmpyTtusatopax cepud ME wucnonb3oBaHue Metoga IGP  shortcut 1mosBosisseT
nepeHanpaBuTh B TE-TyHHesb Tpaduk u3 GRT, HO He 3aTparuBaeT Tpaduk u3 L2- mianu L3VPN-
CEPBHUCOB.

3anmaua: Heo6xoxumo obecrieuuTs [P cBs3HOCTH Mexxay CE1 u CE2 B GRT
Torosiorus:

MES200
ER06
1d:10.0.19.2

ey . 3
o’ o 2
t’ H ‘.
ERO7 e Gig ST o te0/071g :
1d:10.0.19,2 54157, 168.54. Zmenl ol Hi ; 3
p:192.168.70. 100128 s T
r ]
2

CEl CE2
Ip:192.168.70.1i24 Ip:192.168.56 2124

2
Tunnel14 *.

. o eh .
Geziin 3574l o T
Ip: 192.168.54.25/30

ERQ&
Id:10.0.19.3

Figure 3. IIpumep3. ITepedavua mpaguxka uz GRT uepe3 TE-myHHe b

Ha npoMesxyTouHbIX P-mapiipytusatopax (ER06 u ER08) HeT MapIIpyTHOM MHGOPMAIIHMU O CETIX
192.168.70.0/24 u 192.168.56.0/24. MHpopMaId 0 HHUX PaCIIPOCTpPaHAeTCd II0 IIPOTOKosIy BGP
Mexxny PE-MaplipyThsaTopaMu, CIe[0BaTe/JbHO, [JId obeclledeHUs CBI3HOCTA PE-pyTepsl
I,0JDKHBI HHKAIICYJIMPOBAaTh 3TOT TpadUK B TE-TyHHeIIH, IIOCTPOEHHbIe MeXKy HUMHU.
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KomaHnpa

confiqure

mpls

rsvp

interface te0/0/17.353
interface te0/0/18.200
exit

tunnel 41

description from ERO5 to ERO7

destination 10.0.19.1

igp-shortcut metric-type absolute

igp-shortcut metric-value 1

source 10.0.19.4

tunnel-1sp ERB5_to_ (7206

explicit-path-name Region-T-N

path-computation dynamic

commit

HasxnaueHue

Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

ITepexof B peskKuM KOHUTYypaIrinu pyHKItrmoHasaa MPLS.
[Tepexof B pe’KUM HaCTPOUKHU IpoToKosia RSVP.
BxuroueHue riporokosia RSVP Ha uHTepdetice te0/0/17.353.
BxurroueHue nipotokosia RSVP Ha nHTepdetice te0/0/18.200.
BosBpart B pexuM KoHOUrypariuu RSVP 1ipoTokoJia.

Cosmaem TE-TyHHesb ¢ UMeHeM 41 U IIepeXoJuM B PesKUM
ero KOHQUIryparumu.

TexcroBoe omucaHue TE-TyHHeJIS obJieryeHUs

IIOHUMAaHUsT KOHQUTYPATIHH.

IS

Komanpa ykaseiBaeT Ha LSR-ID Egress mapiupyTtusaTtopa. B
HalreM pumepe 3to ER07.

KoMmaHyia BkIroyaeT QyHKITHOHAJI igp-shorcut u ompezessger
TUIl METPUKU — absolute.

Komanpma ompepenser sHaueHue IGP wmerpuxku g TE-
TYHHeJISA, paBHOM '1'".

Komanza ycra”aBiuBaeT LSR-ID Ingress-mapiipyTusaTopa
B KauecTBe UCTOYHUKA TE-TyHHeJIA.

Cosmaem RSVP LSP ¢ curHasibHEIM mMeHeM 'ER05_to_C7206'
U IIepexo/iM B Pe’KUM ero KOHQUTypUpOBaHUI.

KoMmaH[a HakJIagbIBaeT OrpaHHYeHHe Ha IIocTpoeHHe LSP,
OH [O/DKeH IIPpOXOAUTHL uYepe3 hop-bl, yKasaHHbIE B
KoHuUrypamuu explicit-path 'Region-T-N'.

KomaHza ¢ momolnbio Ilapamerpa 'dynamic’ orpepesisseT
HUCII0/Ib30BaTh aJIropuT™M CSPF i pacuéra myTu LSP.

HpI/IMeHEHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

[Tocie Toro, kak TE-TyHHeJIb CKOHQUIYPHPOBAH CIIOCOO0M, OIIMCAHHBIM
BBIIIIe, OH BCe ellle He MOKeT OBITh MCII0JIb30BaH JI1 JOCTaBKH TpadHuKa [0
yaia 10.0.19.1, make ecsiu ero MeTpHKa paBHa 1, a y anlbTepHaTUBHOIO IGP

IMPORTANT Mapuipyra

MeTpuka  25.

N3-3a apXUTEKTYpHBIX O0COOEHHOCTeH

MapIpyTusaTopoB cepuu ME Heo0X0AuMO BKIIOYUTH (QYHKIMOHAJ
ECMP uyepe3 KOMaHJy peXKuMa IJI00a/IbHON KOHUTypamuu 'router

equal-cost'.

ITpumep. lemanvHaa koH@Pu2ypauus npomokosia RSVP 0.9 gopeapdurza mpaguxka uz GRT uepe3 TE-

MyHHeNb 41:

rsvp
interface loopback 1

159



exit
interface tengigabitethernet 0/0/17.353
maximum-reservable-bandwidth 102400
exit
interface tengigabitethernet 0/0/18.200
maximum-reservable-bandwidth 200000
exit
explicit-path Region-T-N
explicit-route-object 1
ip-prefix 192.168.54.17/32
loose
exit
exit
tunnel 41
description from_ER@5_to_ER@7
destination 10.0.19.1
igp-shortcut metric-type absolute
igp-shortcut metric-value 1
source 10.0.19.4
tunnel-1sp ER@5_to_(C7206
explicit-path-name Region-T-N
path-computation dynamic
exit
exit
exit
exit

router equal-cost

IIpumep ¢popBapaunra GRT Tpaduka yepes TE-TyHHeJIb C IOMOLIHI0
CTaTHYECKOI'0 MapIIpyTa

Ha mapmrpytusaTopax cepur ME HcCIIo/Ib30BaHHE JaHHOTO METO/a II03BOJIIeT IIepeHalpaBiIaTh
Tpaduk u3 GRT, HO He 3aTparuBaeT Tpaduk L2- vu L3VPN-cepBHCOB.

3anmaua: Heo6xoxumo obecrieuuTs [P cBsi3HOCTH Mexxay CE1 u CE2 B GRT
Torosrorus:
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Gion’
1p:192,168.70,100/22

CEl
1p:192.168.70.1/24

Figure 4. IIlpumep4. ITepedavua mpaguxa
mapwpyma

KomaHnpa

configure
rsvp

tunnel 41

description from_ER@5_to_ER@7

destination 10.0.19.1

forwarding-adjacency

Ip:192.168.54.30/33

ME5200
ERO6
1dd:10.0.19.2

te0/0/17.358

Ip:192.168.54. 171300

Ip:192.168.56.1/24

CE2
1p:192.168.56.2/24

ER08
1¢:10.0.19.3

u3 GRT uepe3 TE-myHHe/1b ¢ NOMOUbIO CMAMU4ecK020

HasnaueHue
[Tepexo[ B pesKuUM I71006a7IbHOM KOHQUTYpaLUN.
ITepexof B pe’XKUM HaCTPOUKHU IPoToKoJ1a RSVP.

Cosmaem TE-TyHHesb ¢ UMeHeM 41 U IIepexXouM B PesKUM
ero KOHQUIryparumu.

TexcToBoe omucaHue TE-TyHHess 06JIer4yeHUst

IIOHUMAaHUSI KOHQUTYPAIIHH.

LTS

Komanpa ykaseiBaeT Ha LSR-ID Egress mapiupyTtusaTtopa. B
HaleM npumepe 3to ER07.

KoMmaHia ycTaHaB/IMBaeT aTpUOYT BO3MOKHOCTH Ilepefiauu
cepBucHOro Tpadpuka uepes RSVP LSP TE-TyHHeJIs.

JlaHHas KOMaHfa ob6s3aTesJbHa MAJId
aKTUBAIlMM BO3MOJKHOCTH Ilepeadyi
Tpaduka uepes TE-TyHHesb. be3 Heé
dbopBapAUHT CEpBUCHOTO Tpaduka
HeBO3MO>keH uepe3 TE-TyHHeIb.

IMPORTANT
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KomaHnpa

routing-adjacency

source 10.0.19.4

tunnel-1sp ER@5_to_C7206

explicit-path-name over_ne5k

path-computation dynamic

commit

Ha3umaueHue

Komanga ycraHaBauBaeT IIpu3sHakK TE-TyHHesZ Kak
uHTepdelica, Yepe3  KOTOPHIX  MOXKHO  IIOJIyYaTh
MapIIPyTHYI0 HHPOPMAIIHIO.

JlaHHasg KoMaHpja o6s3aTesbHA [JId
aKTHUBAIIMU BO3MOJKHOCTH Ilepeadyir
Tpaduka uepe3 TE-TyHHesH. be3 Heé
CTaTHYeCKUU MapLIpyT,
ucnosabsyromu  TE-TyHHeNIb  Kak
UCXOAIMN HHTepderic, He OyIeT
HHCTAJUIMPOBaH B TabuIly
MapIIPyTHU3aAI[UH.

IMPORTANT

Komanpma ykaseiBaeT LSR-ID Ingress mapiupyrtusaTtopa B
KauecTBe ucTOYHUKa TE-TyHHeI.

Cosmaem RSVP LSP c¢ curHa/ibHBEIM nMeHeM 'ER05_to_C7206'
U IIepexX0/iM B Pe’KUM ero KOHQUTYpUpPOBaHUI.

KomaHpa HaKJIaJpIBaeT orpaHUYeHHe B BHUJIE
UCII0JIb30BaHUA explcit-path c ©MeHeM 'over_ne5K'.

KomaHza ¢ 1omoInpro ItapaMmerpa 'dynamic’ BKIIHOYaeT
ucrosb3oBaHue anropurma CSPF pyg pacuéra mmytu LSP.

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

[IprMep KOHOUTYpaIIUU CTaTUUeCKOTro MapuipyTta yepes TE-TyHHeIb

KomaHma

confiqure

router static

address-family ipv4 unicast

destination 192.168.70.0/24
0.0.0.0

interface tunnel-rsvp 41

commit
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Ha3unaueHue
[Tepexo[ B pesKuM I7106a7IbHOM KOHQUTYpPALUH.

[lepexoM B PpeXUM KOHQUIYpalu CTaTHYeCKUX
MapIIpPyTOB.

Omnpepesnsiem Tun address-faminily ¥ mmepexofuM B pesXum
KOHQHUTYpaIU JOIIOJIHUTEIbHBIX IIapaMeTPOB.

KOMaH/Ia YKa3bIBae€T CeTh Ha3HAYEHU VI MapIIpyTa

Anpec 1uIr03a Heo6XOAMMO yKas3aTh
paBHBIM 0.0.0.0 B ciyyae
ucronb3oBaHugd TE-TyHHesd  Kak
UCXOdI1Iero uHTepderica.

IMPORTANT

KomaHja ompefiesisieT HcIoab3oBaHue TE-TyHHesNsT Kak
HCXOZSIEero nHTepdetica B CTaTUYECKOM MapIIpyTe.

[IpuMeHeHMe IIPOU3BeJeHHBIX HACTPOEK.



ITpumep. lemanvHasa koH@Pu2ypauus npomokosia RSVP 0aa gopeapoureza mpaguxka us GRT uepe3 TE-

MyHHeNb 41:

mpls
rsvp
interface loopback 1
exit
interface tengigabitethernet 0/0/17.353
maximum-reservable-bandwidth 500000
exit
interface tengigabitethernet 0/0/18.200
maximum-reservable-bandwidth 500000
exit
explicit-path over_ne5k
explicit-route-object 1
ip-prefix 192.168.54.25/32
loose
exit
exit
tunnel 41
description from_ER@5_to_ER@7
destination 10.0.19.1
forwarding-adjacency
routing-adjacency
source 10.0.19.4
tunnel-1sp ER@5_to_(C7206
explicit-path-name over_nebk
path-computation dynamic
exit
exit
exit
exit
router static
address-family ipv4 unicast
destination 192.168.70.0/24 0.0.0.0
interface tunnel-rsvp 41
exit
exit
exit
exit

[IpuMmep. Tabuia MaplIpyTU3auu
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Cisco 7206 (ER07)

C7206VXR#show ip route 192.168.56.2 Routing
entry for 192.168.56.0/24

Known via "static", distance 1, metric 0
(connected)

Routing Descriptor Blocks:

* directly connected, via Tunnel14

Route metric is 0, traffic share count is 1

ITIpumep. O6mer ICMP nakemamu

Eltex ME5100 (ERO05)

0/MES5100:ER05# show route 192.168.70.1
Routing entry for 192.168.70.0/24

Last update: N/A

Routing Descriptor Blocks

192.168.54.22, via tu41@ERO05_to_C7206
Known via static, distance 1, metric 1

type static, protection none, route-type remote
Entries: 1

C7206VXR#traceroute 192.168.56.2 source 192.168.70.100

Type escape sequence to abort.
Tracing the route to 192.168.56.2

VRF info: (vrf in name/id, vrf out name/id)

1 192.168.54.25 [MPLS: Label 4225 Exp 0] 4 msec @ msec @ msec

2 192.168.54.21 @ msec @ msec @ msec
3 192.168.56.2 4 msec @ msec 4 msec
C7206VXR#

0/ME5100:ERO5# traceroute 192.168.70.1 source 192.168.56.1

Mon Oct 7 16:45:52 2019

Traceroute to 192.168.70.1 (192.168.70.1), 30 hops max, 60 byte packets

1 192.168.70.1 (192.168.70.1) 0.323 ms

0/ME5100:EROS#

0.312 ms 0.304 ms

IIpumep xoHGurypanuu ¢popBapaunra L3VPN-Ttpadpuka uepes TE-TyHHe I

Ha MapIIpyTHu3aTopax CepHuHn ME wucriosib3oBaHue HaHHOIO MeTOo[a IT03BOJIIEeT IIepeHallpaBUTb

Tpaduk L3VPN-cepBucoB B TE-TyHHeJIb.

3anmaua: Heo6xogumo obecrieuuTs [P-cBg3HOCTh Mexxay CE1 u CE2 B VRF 'TEST1'

TorroJsiorud:
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ERO7 =-Gibf
10:10.0.194° 8 ohio7.
VIETES

CE1l
1p:192.168.70.1/24

--------------- B 68:54.6130
el 45

ERO06
1d:10.0.19.2

ME5100
ER05
19,200 1d:10.0.19.4
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1p:192.168.56.1/24
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ERO08
1d:10.0.19.3

Figure 5. Ilpumep3. Ilepedaua cepgucHozo mpaguka u3s VRF TEST1 uepe3 TE-myHHeb.

KomaHnpaa

configure

rsvp

interface te0/0/17.353
interface te0/0/18.200
exit

13vpn

tunnel 47

description from ERO5 to ERQ7

destination 10.0.19.1

HasHaueHue

[Tepexo/ B pe>KUM I7106aIbHOM KOHQUTYPaIUH.

[Tepexof B pe’XUM HaCTPOUKHU IpoToKosia RSVP.
BxuroueHue ripotokosia RSVP Ha uHTepdetice te0/0/17.353.
BxuroueHue nipotokosia RSVP Ha nHTepdetice te0/0/18.200.
BosBpar B pesxuMm KoHQUryparuu RSVP ripoTokoia.

BxitoueHue pexxuMa mepegauu L3VPN tpaduka yepes TE-
TYHHEeJIH.

JaHHag KoMaHja o6si3aTesibHA [JId
aKTHUBAaIlMU BO3MOJKHOCTHU Ilepefayuu
Tpaduka yepes
KomaHzia paboTaeT i1 TpadpuKa Bcex
VRE, CO3IaHHBLIX  Ha TaHHOM
Mapiipyrusatope. IlpH Haauuuu
RSVP LSP no xoHKpeTHOro nexthop’a,
L3VPN MapuipyT ¢ TakuM nexthop’om
Ooymer  ucmosb3oBaTh LSP  ia
OTIIPaBKHU CEPBUCHOTO TpaduKa.

TE-TyHHeJIH.

IMPORTANT

CospmaeMm TE-TyHHesb ¢ UMeHeM 41 U IIepeXOJUM B PeKUM
ero KOHQUrypamum.

TexcroBoe omucaHue TE-TyHHess g 06Jer4YeHUA
IIOHUMaHUA KOHQUTYpaIUH.

Komanpa ykaseiBaeT Ha LSR-ID Egress mapiupyrtusatopa. B
HamreM rpuMepe ato ERO7.
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KomaHnpa

forwarding-adjacency

routing-adjacency

source 10.0.19.4

tunnel-1sp ERO5_to_ (7206

explicit-path-name Region-T-N

path-computation dynamic

commit

166

Ha3umaueHue

KoMaHia ycTaHaBIUBaeT aTpUOYT BO3SMOKHOCTH Ilepefayu
cepBucHOro Tpaduka yepes RSVP LSP TE-TyHHe 4.

JlaHHasg KOMaHfa o6s3aTesJbHa I
aKTUBAIlMU BO3MOJKHOCTH Ilepefadyur
Tpaduka uepe3 TE-TyHHesH. be3 Heé
BGP vpnv4 MapuipyThl, H3y4eHHEIE

oT YOaIEéHHBIX PE-
MapIIpyTHU3aTOPOB, He oynyT
IMPORTANT PPy P ad
HHCTAJUIMPOBAHbBI B TabIuIy
MaplIpyTHU3ariuu VREF, T.K.

paboToCIIoCO6HOr0  TPAHCIIOPTHOIO
LSP 1o next-hop-oB, H3yYeHHBIX
MapIIpyTOB He OyneT (HeCMOTpsd Ha
TO, uTO TE-TyHHeJb B cOCTOIHUU UP).

KomaHja ycraHaBaWBaeT IIpu3Hak TE-TyHHeNsT Kak
uHTepdeiica, uYepe3  KOTOPHIE  MOXKHO  IIOJIy4aTh
MAapIIPYTHYI0 HHGOPMAIIHIO.

JlaHHas1 KOMaHja o6s3aTesbHA [JId
aKTHBALlMH{ BO3MOKHOCTHU IIepefayuH
Tpaduka uepe3 TE-TyHHenu. be3 Heé
BGP vpnv4 MapIIpyThl, M3y4YeHHEIe

0T yIaJIEHHBIX PE-
IMPORTANT MapIIpyTHU3aTOPOB, He oynyT
UHCTAJUINPOBaHbI B TabJIuIly
MapUIpyTU3aIuu VREF, T.K.

paboToCcIocCO6HOr0  TPAHCIIOPTHOIO
LSP 1o next-hop-oB, H3y4YeHHBIX
MapIIpyTOB He OyzeT (HecMOTpsd Ha
TO, yTO TE-TyHHeJIb B cocTosTHUU UP).

Komanpma ycraHaBivBaeT LSR-ID Ingress-mapiipyrusaropa
B KauecTBe ucTOUHUKA TE-TyHHeJIS.

Cosmaem RSVP LSP ¢ curHasibHBEIM mMeHeM 'ER05_to_C7206'
U IIepexoiiM B Pe>KUM ero KOHQUTypHUPOBaHUS.

KoMmaHga HaKIagbIBaeT OrpaHHYeHHe Ha II0OCTpOeHHe
LSP —O0H [oJ/DKeH IIPOXOAUTHL uepe3 hop-bl, yKasaHHBIE B
KoHuUrypanuu explicit-path 'Region-T-N'.

KomaHma ¢ 1omolnbio ItapaMmerpa 'dynamic’ BKIIHOYaeT
ucnosb3oBaHue aaropurMma CSPF g pacuéra mytu LSP.

[IpuMeHeHMe IIPOHU3BeJeHHBIX HACTPOEK.



ITpumep. lemanvHaa KoH@Puypauus npomokoa RSVP daa gopeapourza mpagpuxa u3d VRF 'Test1' uepe3
TE-myHHeb:

mpls
rsvp
interface loopback 1
exit
interface tengigabitethernet 0/0/17.353
maximum-reservable-bandwidth 102400
exit
interface tengigabitethernet 0/0/18.200
maximum-reservable-bandwidth 102400
exit
explicit-path Region-T-N
explicit-route-object 0
ip-prefix 192.168.54.17/32
loose
exit
exit
13vpn
tunnel 41
description from_ER@5_to_ER@7
destination 10.0.19.1
forwarding-adjacency
routing-adjacency
source 10.0.19.83
tunnel-1sp ER@5_to_C7206
explicit-path-name Region-T-N
path-computation dynamic
exit
exit
exit
exit

ITpumep. Ilpocmomp mabauubl mapwpymusdavyuu VRF 'TEST1':

0/ME5100:ERO5# show route vrf TEST1
Tue Sep 17 18:07:07 2019
Codes: C - connected, S - static, 0 - OSPF, B - BGP, L - local

IA - OSPF inter area, EA - OSPF intra area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
ET1 - OSPF external type 1, E2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2,
LET - IS-IS levell external, LE2 - IS-IS level2 external
BI - BGP internal, BE - BGP external, BV - BGP vpn

C 192.168.56.0/24 is directly connected, 23h59m34s, te0/0/17.340
L 192.168.56.1/32 is directly connected, 23h59m34s, te0/0/17.340
B BY 192.168.70.0/24 via 10.0.19.1 [200/0], 01h00Om54s
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Total route count: 3
0/ME5100:ERO5# show 13forwarding vrf TEST1
Tue Sep 17 18:08:31 2019

Prefix Nexthop
Outgoing label Interface

192.168.56.1/32 receive
o te0/0/17.340

192.168.56.0/24 attached
—=j== te0/0/17.340

192.168.70.0/24 192.168.54.5/32
39/39 te0/0/18.200

0/ME5100:ERO5# ping 192.168.70.1 source 192.168.56.1 vrf TEST1
Tue Sep 17 18:09:58 2019

Sending 4, 56-byte ICMP Echos to 192.168.70.1,
request send interval is 0.100 seconds,

response wait timeout is 2.000 seconds:
ey

Success rate is 100 percent (4/4), round-trip min/avg/max = 0.282/0.303/0.314 ms
0/ME5100:ERQ5#

IIpuMep HaCTPOMKHU KOMMyTanuu Tpadpuka uepes L2VPN

Ha mapmpytusaTopax cepuud ME HcIiosb30BaHHe TaHHOIO MeTO/ia II03BOJIIET IlepeHallpaBUTh
Tpaduk L2VPN-cepBrcoB B TE-TyHHeJIb.

3amaua: Heo6xomumo o6ecrieunTs IP cBsa3HOCTE Mexxay CE1 u CE2 uepes VPLS cepsuc 'BD-TEST'
Torosroryus:

ER06
1d:10.0.19.2

ME5100
s ER05
0/0718,200 1d:10.0.19.4

T 5
038 . il
i
. ]
.
i 3
g
A
; ]
’

CE1
1p:192.168.70.1/24

CE2
Ip:192.168.70.200/24

3 192.:ias.54.1m4

ER0S
1:10.0.19.3

Figure 6. IIpumep5. ITepedaua cepsucHozo mpaguka uepe3 L2VPN u TE-myHHeb.
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KomaHnpa

confiqure

12vpn pw-class pwclass]

encapsulation mpls signaling-type
pseudowire-id-fec-signaling

root

12vpn bridge-domain BD-TEST

interface te@/0/17.341
exit

pw 10.0.19.1 123

pw-class pwclassO

transport rsvp tunnel 41

commit

root

KomaHa

mpls

1dp

neighbor 10.0.19.1

exit

transport-address 10.0.19.4

commit

root

CospmaeM TE-TyHHeJIb C UMeHeM 41

KomaHnpa

confiqure
rsvp

interface te@/0/17.353

HasHaueHnue
Ilepexo[ B pesXUM I106a/IbHOM KOHQUTYpPAITUH.

CosmaeM pw-class ¢ umeHeM 'pwclassO1’ U mepexoguMm B
peXuM ero KOHQUIypUpOBaHUS.

VkasplBaeM Habop IlapaMeTpoOB,
curHasusanuu PW.

HeOOXOIUMBIX  [JId

Bo3Bpar B peXuM I7106aIbHOY KOHQUTYPaITHHN.

Cosmaém VPLS cepBuc ¢ uMeHeM 'BD-TEST' u mepexogum B
PeXuM ero KOHQUTYPUPOBaHUS.

VkaspiBaeM HHTepdetic kak AC-uHTepdetic B VPLS cepBuce.
BosBpart B pexxuMm KoHuryparuu VPLS BD-TEST.

CosmaeM VC umHTepderic it ooMeHa MeTKamMu ¢ ERO7 u
opraHusamyiui PW-kaHasa [1d IIepefayul CEPBUCHOTIO

Tpaduka, a TakkKe IIepeXoguM B  pPeXUM  ero
KOHQUTYPUPOBAHUS.
VKasrsIBaeM HCII0JIb30BaTh npu IIOCTPOEHUU PW

rapaMeTpsl U3 'pwclass01’, KOTOPBIA MBI CO3aId paHee.

VKasplBaeM HCIIOJIb30BaTh TE-TyHHeNIL 41 B KauecTBe
TPaHCIOPTHOTO IS 3TOr0 6pupK mfomeHa (VPLS).

HpI/IMEHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

Bospat B peskuM Iv106a/IbHOM KOHQUIYpaIluH.

HasnaueHnue
ITepexof B peskuM KOHQUTYypaIrinu pyHKItrmoHasaa MPLS.
Ilepexop B pesKuM KOHQUTypaIiuu IpoTokosa LDP.

CospmaeM remote LDP cocepma '10.0.19.1' (ER07) u niepexogumM
B Pe’KUM ero KOHQUTypaIiuu.

BrIxoguMm U3 pexuMa KoHduryparmuu LDP cocefa.

VkasplBaeM B KauyecTBe source IP quig ycraHoByieHusa LDP
coceqicTB COOCTBeHHBIN LSR-ID.

[IpuMeHeHMe IIPOKU3BeJeHHBIX HaCTPOeK.

Bospar B pexxum Global Config

HasunaueHue
Ilepexo[ B pesKUM I106a/IbHOM KOHQUTYpAITUH.
ITepexof B pe>KUM HaCTPOUKHU IPoTOKoJ1a RSVP.

BxuroueHue nporokosia RSVP Ha uHTepdetice te0/0/17.353.
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KomaHnpa
interface te@/0/18.200

exit

tunnel 41

description from ERO5 to ERO7

destination 10.0.19.1

forwarding-adjacency

source 10.0.19.4

tunnel-1sp ERO5_to (7206

explicit-path-name Region-T-N

path-computation dynamic

commit

root

HasxnaueHue
BxurroueHue nipotokosia RSVP Ha nHTepdetice te0/0/18.200.
BosBpart B pexuM KoHOUrypariuu RSVP 1ipoTokoJia.

Cosmaem TE-TyHHesb ¢ UMeHeM 41 U IIepeXoJuM B PesKUM
ero KOHQUIryparuu.

TexcroBoe omucanue TE-TyHHess [uid  00JIeIYeHUA
IIOHUMaHUA KOHQUTYpaLUH.

Komanpa ykaseiBaeT Ha LSR-ID Egress mapiupyrtusaTtopa. B
HalreM Ipumepe aTo ER07.

KoMaHia ycTaHaBIUBaeT aTpUOYT BO3SMOKHOCTH Ilepefayu
cepBucHOro Tpaduka yepes RSVP LSP TE-TyHHe 4.

JlaHHasg KOMaHfa o6s3aTesJbHa I
BKJIIOUEHUS BO3MOXXKHOCTH Ilepefayu
Tpaduka yepe3 TE-TyHHeIH.
Ob6paThTe BHHMaHHe, UTO KOMaH[a
'routing-adjacency’ B
ClleHapuHu He HY>KHaA.

IMPORTANT

TAHHOM

Komanpma ycraHaBivBaeT LSR-ID Ingress-mapiipyrusaropa
B KauecTBe HCTOYHHUKA TE-TyHHe .

Cosmaem RSVP LSP c curHasibHBEIM mMeHeM 'ER05_to_C7206'
U IIepexoiM B PeKUM ero KOHQUTYpHUPOBaHUS.

Komanza HakiagplBaeT orpaHU4YeHye Ha IocTpoeHue LSP,
OH [O0/DKeH IIPOXOAUTH dYepe3 hop-bl, yKasaHHBIe B
KoHOuryparuu explicit-path 'Region-T-N' (cm  paspgen
nepenayva L3VPN Tpaduka).

KomaHzga ¢ 1omomgpio ItapaMmerpa 'dynamic’ BKIIHOYaeT
HUcroab3oBaHue anropurma CSPF mgyg pacuéra mmytu LSP.

HpI/IMEHEHI/Ie IIPOMU3BENEHHBIX HACTPOEK.

Bospar B pexxum Global Config

[TocieqHU MOMeHT — KoHurypanusa AC-uHtepdeiica B LZVPN-cepBuce.

KomaHma

interface tengigabitethernet
0/0/17.341

encapsulation outer-vid 341

rewrite egress tag push outer-vid

341
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Ha3unaueHue

CosgmaHue cabuHTepdelica U IIepexX0l B PeXUM €ro
KOHQUTYpaITuu
VKaspIlBaeM BHEIIHHU (0OH >Ke eJUHCTBEHHBI B JaHHOM

rnpuMepe) vlan-tar ¢ ID=341.

Komanga pob6aBisier vlan-Tar ¢ ID 341 K HCXOOSIIUM
¢perimam cab-uHTEpPeiica.



Komanpga HasHaueHue

rewrite ingress tag pop one KoMaH7ia yajgeT BHEIIHUH vlan-Tar y BceX BXOJASIIUX Ha

commit

root

IMPORTANT

cab-unrepderic ethernet-ppeiiMoB.
[IprMeHeHUe IIPOU3BEJeHHBIX HaCTPOEeK.

Bospat B pexxum Global Config

3aueM HYXHBI KOMaH/bl push ¥ pop? 3To HE06X0LUMO JieIaTh Cpasy o 2-M
npuurHaM. Bo-tiepBriX, ERO7 B TecTe aTo MapuipyTusaTop Cisco, KOTOPBIH
no ymosyaHuio ypangerT VLAN-tar y ethernet-gpeiiMa, Ipeskae ueM
OTIIpaBUTEL ero uepe3 PW. Mapmipyrusatopel cepuu ME Iipu aTomM He
IIPOM3BOAIAT  HUKAaKUX  IIpeobpasoBaHud ¢  ethernet-ppeiimamy,
npumemmumMu ¢ AC mwiand VC KaHasloB (KaZphbl YXOAAT C TeM JKe TeraMuy, C
KakuMu 1punuiv). Bo-BTopwix, VLAN-ID y AC-uHTepdeiicoB, eciu
IIOCMOTpPeTh BHUMAaTeJIbHO, pasHbie (340 co ctopoHsl ER07, 341 co CTOPOHBI
ERO5). B aToM ciyyae, faske ecid PW IOAHATE MeKAy MaplIpyTU3aTOpaMu
ELTEX ME, push u pop omepariuu ¢ TaraMu He0OXOAUMBL.

[Ipumep.Heob6xoammas KOHGUIypaliyg Ha MaplipyTusaTope ERO5 B 0IIiCaHHOM CIieHapHMU:

interface tengigabitethernet 0/0/17.341
encapsulation outer-vid 341
rewrite egress tag push outer-vid 341
rewrite ingress tag pop one
exit
mpls
1dp
neighbor 10.0.19.1
exit
transport-address 10.0.19.4
exit
rsvp
interface loopback 1
exit
interface tengigabitethernet 0/0/17.353
maximum-reservable-bandwidth 102400
exit
interface tengigabitethernet 0/0/18.200
maximum-reservable-bandwidth 102400
exit
explicit-path Region-T-N
explicit-route-object 0
ip-prefix 192.168.54.17/32
loose
exit
exit
tunnel 41
description from_ER@5_to_ER@7
destination 10.0.19.1
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ex

exit

forwarding-adjacency
source 10.0.19.4
tunnel-1sp ER@5_to_(C7206
explicit-path-name Region-T-N
path-computation dynamic
exit
exit
it

ITpumep. IIpocmoTp craTyca VPLS cepBca

0/ME5100:ERO5# show 12vpn bridge-domain bd-name BD-TEST

Thu Sep 19 09:17:47 2019

172

MM
CM
oL
BK
SP

Br

-- mtu mismatch Up -- up

-- control-word mismatch Dn -- down

-- no outgoing label ST -- standby
-- backup connection F1 -- failed

-- static pseudowire

idge domain: BD-TEST, state: up
MAC learning: enabled
Local switching: enabled
Flooding Multicast: all

Unknown unicast: enabled

GUp -- going up

GDn -- going down

Lld -- lower layer down
Drm -- dormant

MAC aging time: 300 s, MAC limit: 4000, Action: all, MTU: 1500

Oper-status: up

ACs: 1 (1 up)
PWs: 1 (1 up)
List of ACs:

AC: Tengigabitethernet 0/0/17.341

AC binding status: up, Interface oper state: up

List of PWs:

PW: Neighbor 10.0.19.1, pw-id 123, admin Up, oper Up

Status codes:

PW class: pwclass@1, type: ethernet, signaling: pseudowire-id-fec-signaling
PSN type: mpls, encapsulation: MPLS, control word: control-word-not-present

Redundancy state active
Vpn index: 1, type: 1s

Created: 2019-09-18 10:01:02, last state change: 14h55m19s ago

Local
Label 59
Group ID 0
MTU 1500
Forwarding true

Customer-facing (ingress) recv fault false

Remote
121

0

1500
true
false



Customer-facing (egress) send fault false false

Local PSN-facing (ingress) recv fault false false
Local PSN-facing (egress) send fault false false
Switchover false false

Interface description string rcv: none
Remote capabilities:
VC status can be signaled: true
VCCV ID can be signaled : true
Remote node capability:
Manually set PW: false
Protocol has not yet finished cap. determination: false
Signaling the pseudowire: true
Sending the pseudowire: false

List of VFIs:
List of Autodiscovery PWs:

0/ME5100: ERO5#

ITpuMmep. IIpocmoTp u3yyeHHBIX MAC appecoB B VPLS cepsuce

0/ME5100:ERO5# show 12vpn mac-table bridge-domain BD-TEST
Thu Sep 19 09:18:48 2019

MAC address Type Learned from LC/1location
Bridge-domain name

a8:19:4b:30:92:00 Dynamic pw 10.0.19.1 123 0/0
BD-TEST

a8:19:4b:fd:00:40 Dynamic te@/0/17.341 0/0
BD-TEST

Total objects for this criteria: 2
0/ME5100: ERO5#
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MHOTOAAPECHAS PACCBIZIKA TPA®HUKA
(MULTICAST)

B riraBe paccMaTpUBaKTCS IIPOTOKOJIBI, II03BOJILIOIIHE YCTPOMCTBY IIPUHUMATh, 06pabaThiBaTh U
IIpoIlycKaTh multicast-TpapuK, a TakKe CXeMbl IIPUMEHeHUs. YCTPOMCTBO IIOZJep>KUBaeT
npoTokossl IGMP, PIM 1 MSDP.

AfpecHsblIe JTUCTHI A1 multicast-mpoTokoJI0B

AnpecHble JIUCTBHI TIOJOGHBI aCCeSS-JIMUCTaM; UCIIOJIL3YIOTCA 711 yKa3aHUS [IeHCTBUS II0
OTHOIIIEHHIO K Ka’K[[OMY 3JIEMEHTY CITHMCKa, CO3JaHHOTO Ha OCHOBE OIIpefieJIeHHOrO IpU3HaKa U
IIOPSITKOBOTO HOMepa 3JieMeHTa B crIucKe. [[pU3HaKH, Ha OCHOBE KOTOPBIX GOPMHUPYIOTCSI 3TH
CIIMCKU, IIPHUBSI3aHbI K OIIpe/ieIEHHBIM KOMaHjaM multicast-TipoTokos1oB. st ciircka address-1list
IIPU3HAKOM SIBJISIETCS TIepeceueHHe TIIO/ICETH C aapecoM Tpynmbl. /JIjst coucka group-list
IIPU3HAKOM SBJISIeTCS IlepeceueHUe IIOJCeTH C aflpecoM TPYHIIbl MJIM B TIOJCETH C aZpecoM
3aIlpanImBaeMoro UCTOYHUKA.

Hacrpoiika address-list

Tabauya 69. [lopsadok Hacmpoliku address-list

KomaHzga HasHaueHue
configure Ilepexof B PeXKUM II06aTHHOM KOHGUIYPAITHH.
multicast address-list WORD Co3jlaHHe CITHCKA afipecoB ¢ UMeHeM WORD U IIepexo/] B PesKUM

€ro HaCTPOMKH.

seq-num 1 Co3ZaHMe 3JIeMeHTa B CIIUCKE U IIEPEXO0J B PEXKUM €To
HACTPOMKH. /IJIs CITHCKaA 06513aTeIbHO HAJIMYHe XOTSI GBI O{HOTO
3JIeMeHTa.

match address PREFIX VkasaHue npedHKca, /11 KOTOPOro IPUMeHsIeTcs JaHHOe

rmpaBusI0. OTCYyTCTBUE ITpedUKCca B 3JIeMeHTe 03HaYaeT
COBIIaJIeHMe 110 JII060MY afipecy.

action permit|deny YKa3aHUe THIIa JeHCTBUSA: OTKJIOHUTD WJIN IIOJTBEPAUTSH. I10
YMOJIYaHUIO: permit.

exit BosBpart B pexxum KoHpuUryparuu multicast address-1list.

commit [IpuMeHeHMe IPOU3BEIEHHBIX HACTPOEK.
ITpumep HacTpoiiku address-list

multicast address-list no-239
seq-num 1
match address 224.0.0.0/4
exit
seq-num 2
match address 239.0.0.0/16
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action deny
exit
exit

ITpoBepKa MPHUMEHEHHBIX CIUCKOB aJIPECOB:

show multicast address-list

BBIBOJ, CKOHQUIYPHUPOBAHHBIX CIIMCKOB ajpecos. [IpruMmep:

0/ME5100:Router# show multicast address-1list

address-1list cde
1 permit 232.0.0.0/8
2 permit 239.0.0.0/8

address-1list test

1 permit 232.1.1.1/32

Hacrpoiika group-list

Tabauua 70. [lopsidok Hacmpolku group-list

KomaHnpga
configure

multicast address-list WORD

seq-num 1

match group PREFIX/MASK
| ADDRLIST

match source PREFIX/MASK
| ADDRLIST

action permit|deny

exit

commit

HasHaueHue
[Tepexof B pesXuM 11062/ IbHOM KOHQUTYPALIHH.

CospmaHue crrcka agpecoB ¢ uMmeHeM WORD u 1repexo/i B pesKum
ero HaCTPOMKHU.

COB,Z[aHI/Ie 3JIEMEHTA B CITMCKE U II€EPEXO0/] B PEKKUM €TI0
HaCTpOﬁKH. ,Z[JIH CITHICKa 00s13aTeIbHO HaJIUYHe XOTSI ObI OIHOTO0
JJIeMeHTa.

Vka3aHue IpedrKca IPYIIIbL, 11 KOTOPOI0 IIPUMeHSIeTCs
IaHHOe IpaBuiI0. OTCYyTCTBHe IIpeUKCca B 3leMeHTe 03HadaeT
COBIIaJIeHMe I10 JII060My afipecy. PaspellleHo yKasaHHUe HMeHHU
address-list B kayecTBe IIpH3HaKa.

Vka3aHue IIpedrKca UCTOUHUKA, /11 KOTOPOTO IIPUMeHSIeTCs
IaHHOe IpaBuiI0. OTCYTCTBHe IIpeUKCca B 3leMeHTe 03HadaeT
COBIIaJIeHMe I10 JII060MY afipecy. PaspellleHO yKasaHHUe HMeHHU
address-list B kayecTBe IIpH3HaKa.

VKasaHUe TUIIa [eHCTBUS: OTKJIOHUTh WU IIOATBEPAUTS. I1o
YMOJIYaHUIO: permit.

BosBpart B pexxum KoHpurypanuu multicast group-list.

[IppMeHeHMe IIPOK3BeJeHHBIX HACTPOEK.
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IIpumep HacTpoiiku group-list

multicast group-list s101
seq-num 1
match group 225.54.205.0/24
match source 46.61.193.86/32
exit
seq-num 2
match group 224.54.0.0/4
match source 46.61.193.0/24
action deny
exit
exit

ITpoBepKa MPUMEHEHHBIX CIIMICKOB a/IPeCOB:

show multicast group-list

BBIBOJ, CKOHQUTYPHUPOBAHHBIX CIIMCKOB IPpyIIIL [Iprmep:

0/ME5100:Router# show multicast group-list
group-list cde
1 permit group cde

group-list s101
1 permit source 46.61.193.101/32
2 deny source 46.61.193.102/32

ITpoTroxos IGMP

[IpOTOKOJI COY>KWUT [JI1 COCTaBJIeHUs COOTBETCTBUA UHTepdercoB-TioaydaTeser multicast-
Tpaduka ("IIOAIIHCUYMKOB") U TPYIII (MK TPYIIIa-UCTOYHUK), Ha KOTOpPble HHTepdelC IO CaH.
Hupopmarniysd, IIpU HaJUYUU HajJle)kallle HacTpoeHHoro PIM-mporiecca, nmepeHocutTcd B PIM-
TOII0JIOrHI0 B BUJe (S,G) mu (%,G)-3anuceit. HacTpoMKa IIpOTOKOJIA BBITIOJIHSETCS B CEKIIUU router
igmp. Peasir3ariyig IIpoTOKOJIOB BBIIIOJIHEHA B cOOTBeTCTBUHU ¢ RFC 2236 1 RFC 3376.

CymiecTByeT psJ GyHKIIMOHATIHHBIX 0COOEHHOCTEH:

* HeT mojfepXKKU IIpoKcHpoBaHUs IGMP-3ampocoB, M paboTel Ha L2-uHTepdericax g
peanusaruu IGMP snooping.

* Peasim3oBaH ¢QyHKIMOHas IGMP Querier: mopmep)kaH OOMEH COOOIIEeHUSIMU MEeXIy
HEeCKOJIbKMUMHM Querier B IIIHMPOKOBeIjaTeJIbHOM CerMeHTe W OOMeH COOOIeHUSAMU C
nosyvyaTtenasMu Tpaduka. PaboTa B HECKOJIBKUX peXKUMaxX OJHOBpeMeHHO (v2-v3) He
o/ileprKaHa.
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INopsagok HacTpoutku IGMP

1. BBITIOJTHUTH IIpe/iBAapUTEIbHYI0 HACTPOHKY;

2. IIpu He06XOUMOCTH, U3MEHUTH IIPOTOKOJIbHbIEe HACTPOUKHU Ha MHTepdericax, BEICTaBJIeHHbIE
110 YMOJTYaHUIO;

3. IIpu Heo6XOAMMOCTH, JOOABUTH 06PabOTKyY sSm.

IIpegBapuTesbHasA HacTpoiika IGMP

Pa6ora IGMP Bo3MO)XHa TOJBKO Ha L3-uHTepdeiicax. TakuM o6pasoMm, Ha HHTepdelcax,
BBIOpaHHBIX JUI paboThl B KaduecTBe IGMP-Querier, He06X0AMMO 3aJaTh ip-ajpec:

interface tengigabitethernet 0/0/7.10
description "Multicast receivers 1"
ipv4 address 192.168.10.1/24

exit

interface tengigabitethernet 0/0/7.400
description "Multicast receivers 2"
ipv4 address 192.168.100.1/24

exit

Hacrpoiika nporokosia IGMP

Tabauua 71. Hopsadoxk Hacmpotiku IGMP

Komanpga HasHnayeHue

configure [Tepexof B pesKUM 11062/ IbHOM KOHQUTYPAITHUH.

router igmp CosgaHue IGMP mporiecca U Iepexo/i B peKUM ero HaCTPOMKH.
vrf WORD (OnmuonanbHO) 3amnyck IGMP-1iporiecca B ykasaHHOM VRF u

Iepexo B pe>KUM HaCTPOMKH 9TOTO IIpoliecca.
Hripkecsemyromyie KOMaHbl IPUMeHUMBI IJIs IIpoliecca BHYTPH
global table u BHyTpU crieriuuyuHOro vrf.

ssm addresses NAME (OnmoHaTbHO) [lepeornpe/iesieHre CIIKMCKa afipecoB NAME,
cuuTaroIlerocs SSM-nrarasoHOM.

ssm mapping source SRCADDR (OmmoHaTbHO) [IepedTH B peyKUM HAaCTPOMKH JHara3oHa
TPYIIIL, /1711 KOTOPOTO GyZeT fo6aBJIeH afipeca HCTOUYHHUKA
SRCADDR.

address-1list GROUPADDR (OmmmroHaTIbHO) VKa3aHMe IHana3oHa TPYIIL, 1T KOTOPOTo

OyzmeT mobaBiieH aspeca UCTOUHUKA SRCADDR
exit Bo3Bpart B pesKuM KOHQUTypaIuy router igmp.

interface TYPE NUM BxurtoueHue Querier Ha COOTBETCTBYIOIIeM (cab)uHTepdetice B
IIPOITECC U TIEPeXOJi B Pe)KUM HACTPOUKH mapaMeTpoB LDP fyist
TaHHOTO UHTepdetica.
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version NUM

filter groups NAME

groups-limit NUM

sources-Limit NUM

immediate-leave

last-member-query-interval SEC

query-interval SEC

query-response-interval SEC

robustness NUM

promiscuous disable

static-group GROUPADDR

static-source SRCADDR

exit
exit

commit
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(OmimoHasIbHO) YKasaHUe, C KaKOM BepCrel BBIIIOJIHATh
oTIpaBKy coobuteHuit QUERY 1 o6pabaTriBaTh COOOIIEHUA
REPORT.

(OmmmoHasibHO) IlpuMeHeHMe crivcka GuiabTparuu NAME.

(OmmroHaIbHO) YeTaHOBKA MAaKCUMAJIbHOTO KOJIMYeCTBa
YHHUKAaJIBHBIX aIpecoB IrpyIir 13 Bcex IGMP-3amnuceit, 1mo
HCUYepHaHNI0 KOTOPHIX HOBBIE 3aIIMCH CO3/laBaThCd He O6yayT. I1o
yMmoJryaHuio: 0, He 3ajaHO.

(OmrmoHasIbHO) YeTaHOBKA MAaKCUMAJIbHOTO KOJIMYeCTBa
YHHUKAaJIBHBIX aIpecoB HCTOYHHUKOB 13 Bcex IGMP-3arumcew, 1o
HCUYepHaHNI0 KOTOPBIX, HOBbIE 3aIIUCH CO37[aBaThCS He OYIyT.
ITo ymosruaHmio: 0, He 3a1aHO.

(OnnuoHanbHO) YaaneHue IGMP-3amicu ¢ ©HTepderica IIpu
nostydeHuu coobireHus LEAVE 6e3 orripaBku GROUP SPECIFIC
QUERY.

(OnoHanbHO) YCTaHOBKA TaiMepa BpeMeHH OKUAaHUs Ha
GROUP SPECIFIC QUERY, 110 “CTeYeHMNI0 KOTOPOIo OyzeT
yraseHa IGMP-3amnuce.

(OnmroHasIbHO) YeTaHOBKA 3HaUEHUS TaruMepa I1ocie
otrpaBku coobieHuss GENERAL QUERY. ITo ymosruanuto: 125
CeKyH/I.

(OnyoHanbHO) YCTaHOBKA 3HAUEHMd TaliMepa OTIIPaBJIsIeMOro
B coobieHusaX GENERAL QUERY. BiusieT Ha BpeMs, CIydaiiHbIM
o6pasoMm, HO B IIpe/iesiaX KOTOPOTO IIOAIIUCYUKH J0JKHBI
orrpaBuTbk REPORT. U BiiusgeT Ha MaKCUMaJ/IbHBIM TaliMayT
HeoTBeTa Ha coob1ieHruss GENERAL QUERY, 1mocjie KOTOporo
IGMP-3anuch 6yzeT ynaiaeHa. [Io ymosdaHuio: 10 ceKyH] .

(OmioHanbHO) YeTaHOBKA 3HAUEHWSI MHOYKHUTEJIS OTIIPaBOK
coobureHui GENERAL QUERY u GROUP SPECIFIC QUERY. Biuset
Ha MaKCHUMaJIbHBIM TaliMayT HeoTBeTa Ha coobieHuss GENERAL
QUERY, 1tociie kotoporo IGMP-3amnuce 6yzeT yaasueHa. I1o
YMOJYaHUIO: 2.

(OmrmoHanbHO) OTKIIrOUeHHe 06paboTKu coobieHnit REPORT
OT HOJAIIUCYUKOB C aZfpecoB, He IPUHAJJIe)Kall[UX ceTH Querier.

(OnmumoHanbHO) Co3maHue cTaTUdecKour IGMP-3ariucu ¢
yKa3aHMeM ajjpeca IPYIIIIbI U IIEPeX0]] B PEXKUM e€ HaCTPOUKHU.

(OmrmoHasIbHO) YKasaHUe ajipeca UCTOYHUKA IS CTaTUYeCKOMU
IGMP-3amnucu.

BosBparT B pexuM KoHbUTryparuu router igmp interface.
Bo3Bpat B pesKUM KOHQUTypaIriiu router igmp.

[IppMeHeHMe IIPOX3BeJeHHBIX HACTPOEK.



IIpuMmep HacTpoyiku IGMP

router igmp

ssm addresses ssm-addresses

ssm mapping source 46.61.194.55
address-list k1

exit

interface tengigabitethernet 0/0/7.10
version 2
immediate-leave
robustness 3

exit

interface tengigabitethernet 0/0/7.400
version 2
filter groups s101
static-group 225.54.205.140
exit
static-group 232.1.1.1

static-source 77.77.77.77

exit

exit

exit

IIpoBepka paboTrocmnoco6HOCTH IPOTOKOIa IGMP
show igmp groups

BBLIBOJI, TEKYIITUX I'PYIIIL, 06paboTaHHBIX Querier MIM 3aJaHHBIX CTaTUYeCcKU. [Ipumep:

0/ME5100:Router# show igmp groups
IGMP Connected Group Membership

Group Address Interface Uptime Expires Last
Reporter

225.54.205.135 te 0/0/7 00h00m42s 00h04m19s
192.168.10.100

225.54.205.140 te 0/0/7 02h38m01s never 0.0.0.0

225.54.205.140 te 0/0/7.400 02h38m01s never 0.0.0.90

232.1.1.1 te 0/0/7.400 02h38m@1s never 0.0.0.0

show igmp interfaces

BEIBOJT HCIIOJIB3YIOIUXCSI HACTPOEK BepCHH, TalMepoB Querier M CTaTHUCTUKA HIPHUHATHIX
coobieHuit. [Ipumep

0/ME5100:Router# show igmp interfaces
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Tengigabitethernet 0/0/7.10 IGMP status is up
IGMP is enabled on interface
Drop policy: None
Filtering multicast group-list: None
Promiscuous mode is enabled
Current IGMP version is 3
Robustness is 2
Query interval is 125 seconds
Query timeout is @ seconds
Query response interval is 10 seconds
Last member query interval is 1 seconds
Querying router is 192.168.123.100 (this system)
Groups/sources limit: not set/not set

show igmp sources

BBIBOJ, TeKYIIUX TPYIII C 3alIPOIIIeHHBIM HMCTOYHUKOM, 06pab0TaHHBIX Querier MM 3aJaHHBIX
craThvecku. [Ipumep:

0/ME5100:Router# show igmp sources

Group Address Source Address Interface Origin
codes
232.1.1.1 77.77.717.77 te 0/0/7.400 static

show igmp ssm map

BbIBOJI TaGJIUITEI COOTBETCTBHSI ampecoB SSM-auaria3oHa M NPUMEHSeMOTO K HeMy ajpeca
HUCTOYHUKA. [IpuMep:

0/ME5100:Router# show igmp ssm map
Source Address Address list

46.61.193.101 cde

show igmp summary

BeiBOZ, 0600111eHHONM HHQOpMAaIlMM O TIpyHIlax Ha KakKAoM BKI4YeHHOM IGMP-uHTepdelice.
[Tpumep:

0/ME5100:Router# show igmp summary
IGMP summary

Total groups on each interface: 5
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Total unique groups: 2
Enabled Interfaces: 3
Disabled Interfaces: 1

Interface Grp No Max Grp No
te0/0/7.11 1 0

te 0/0/7 2 1000

te 0/0/7.10 0 0

te 0/0/7.400 2 0

show igmp traffic
BeiBojz craTrcTUKU 110 IGMP-coob1ieHusAM. [Ipumep:
0/ME5100:Router# show igmp traffic

IGMP Traffic Counter
Processed messages:

Queries: 0
Reports: 239
Leaves: 0
Total processed: 239

Filtered messages:

Report version mismatch: 0
Query version mismatch: 0
Entries with 1limits excess: 0
Entries with not allowed sources: 0
Link local messages: 10
Other reasons: 0
Total filtered: 10
Incorrect messages:
Wrong checksum: 0
No router alert option: 0
SSM messages with EXCLUDE: 0
Other reasons: 0
Total incorrect: 0
Queries sent: 238

ITpoTokos PIM

[IpOTOKOJI CIY>KUT AJI1 MapLIpyTU3aliuu multicast, UCIIO/Ib3yeT Tab/IUIly MapIlIpyTHU3aI[UU unicast
Ha ycTporcrBe. [IpoTOKOJI IIpefIioaraeT YCTAHOBKY COCEJCTB Uepe3 BbIOpaHHBIE MHTEPEeChl U
dbopMUpoBaHUe TOIIOJIOTUH Yepes IIpoBepKy RPF, rtocTpoeHue nepeBbeB U popMupoBaHue (X,G) u
(S,G) samuceit. Peasmmsaiiyg IPOTOKOJIOB BBIIIOJIHEeHA B cOOTBeTCTBUU ¢ RFC 4601, RFC 3973 u RFC
3956.
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Cy1iecTByeT psij, GyHKIIHOHATIbHBIX 0COOEHHOCTEIH:

* VCTpOMCTBO IIOiep>KUBaeT TOJIBKO Sparse mode (SM) u Mo>KeT paboTaTh B pexkume ASM u
SSM;

* B TekyIel Bepcuu Ha yCTPOMCTBe HOfjlep>KaHa HacTpoMKa IIpoToKoJIa BSR;

 [lopgmep>xuBaeTca Anycast-RP 11 ITOBBIIIIEHUS 0TKa30yCTOMYHUBOCTH.

IMopsimok HacTpoiiku PIM

BEBITITOJTHUTE IIpeiBapUTeILHYI0 HACTPOUKY;
YKkasaTh AualiasoHbl 06padaTbIBaeMbIX TPYIIIL M PeXKUM HUX PabOTHI;
[Ipu HaIMuMKU UHTEePeiCcoB [ IIOCTPOEHHU COCEICTB IIPUMEHUTH UX B KOHUryparuo PIM;

[Tpu Hasmmuuu IGMP-uHTep¢eiicoB IIPUMEHUTH UX B KOHQUryparuio PIM B peskuMe passive;

SR

[Ipu HaMuUuU UHTepderica ¢ MyJIbTUKACT-IIOTOKaMU IPUMEHHUTh UX B KOHQUTyparuio PIM B
pe’xuMe passive;

6. IIpy He06XOIUMOCTH U3MEHUTH IIPOTOKOJIbHEIe HACTPOMKH Ha UHTepdelicax, BEICTaBJIeHHbIE
110 YMOJTYaHUIO;

7. HpI/I HEOGXO,I[I/IMOCTI/I HU3MEHHUTHL IIpoYHe IIPOTOKOJIBHEIE HaCTPOﬁKH, BBICTaBJIEHHbIE IIO
YMOJ/JTHYaHHIO.

IIpeaBapuTesbHas HacTpoiika PIM

Pa6ora PIM ocHOBBIBaeTCsl Ha TabJuIle MapLIpPyTU3allMU unicast U UCIoJb3yeTcs A1 RPF u
IIOCTPOeHUs JlepeBbeB. TakuM 00pa3oM, IOJDKHBI OBITH CO3aHbl ip-MHTEPPENCchl, Ha KOTOPBIX
OyIyT BIIOCJIeICTBUU BKJIOUeHBI PIM-cocencTBa, U Te, HA KOTOpble IPUAET IIOTOK multicast. B
IocjaefHeM ciy4dae s co3maHud (S,G) samuced B TOIIOJIOTHH, IOACETh UHTepderca LOJDKHA
O0XBaThIBaTh a/ipeca UCTOYHHUKOB multicast.

ITpumep Hacmpoiiku unHmepgeiicos 0.1 op2aHuU3ayuUu coceocms u onpedesieHUs nomoka multicast

interface tengigabitethernet 0/0/9
description "Neighborhood with me5100_17_134 te 0/0/9"
ipv4 address 100.26.134.134/24

exit

interface tengigabitethernet 0/0/1.30
description "Obtain multicast with address 46.61.193.86"
ipv4 address 46.61.193.134/24
encapsulation outer-vid 30

exit

HacTtpoiika nporokosia PIM

Tabauua 72. [lopsidok Hacmpotiku PIM
KomaHnpga HasHaueHue

configure [Tepexof B pesXyuM Iv106a/IbHOM KOHQUTYpPALUU.
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router pim

vrf WORD

address-family ipv4
interface TYPE NUM

assert-override-interval SEC

bsr-border

dr-priority NUM

hello-interval SEC

join-prune-interval SEC

join-prune-holdtime SEC

sg-state-limit NUM

star-g-state-Tlimit NUM

triggered-hello-interval SEC

passive-interface

Cosganue IGMP 1poriecca U Ilepexo/i B PeKUM ero HaCTPOMKH.

(OnuonanbHO) 3amnyck PIM-iporiecca B ykasaHHOM VRF u
Iepexof B pesKUM HaCTPOMKH 3TOro IIpoliecca.
Hipkeciepyrolye KOMaHbl IPUMEHUMBI /IS IIpoliecca BHYTPH
global table 1 BHyTpH crieniuduuHoro vrf.

[lepexopn, B pesKuM HaCTPOMKH aJipecHOro cemeucrsa IPv4.

Jlo6aByieHne uHTepdetica 111 06pabOTKHU IIPOTOKOJIOM Ha
YCTPOMCTBE U IIepexo/i B Pe)KUM ero HaCTPOHKU.

(OmroHasIbHO) 3a/laHUe UHTepBaJa [0 CIeIyIONel IIOIIbITKU
OTIIPaBKHU COOOIIeHUs Assert, OT II0C/IeTHET0 IPUHSITOTO
coob1IeHus Assert, ecIy IIpoliecc Ha UHTepdetice IIpoUrpaJl
IaHHbIE BEIOOPBL.

(OnpoHanbHO) 3afaHue TpaHUIlbl paboTel BSR. Ilpu Hammuuu
OIIIIMU MHTepdec IlepecTaHeT OTIIPABJIATh U 00pabaThIBaTh
coobireHus Bootstrap. ITo ymosruaHui0 UHTepderic IpUHUMAET
" obpabaTsiBaeT BSR-cO00IIIEHUS.

(OmrmoHasIbHO) 3a/iaHUe IIpUOpUTeTa U Bhioopa Designated
router. IIpu paBHBIX DR B loMeHe BBIOMPAETCSI XOCT CO CTapIINUM
agpecoM. ITo ymoryaHuro: 1.

(OnoHanbHO) 3alaHUe MHTepBala MeXK/Ay OTIIpaBKaMH
coobureHu PIM Hello ¢ Bei6paHHOT0 HHTepdetica. I1o
yMor4aHUI0: 30 CeKyH/I.

(OmmmoHaIbHO) 3aZjlaHKe HHTepBaJia MeXKIy OTIIpaBKaMU
coobieHud PIM Join/Prune ¢ BEBI6GpaHHOTO HHTepderica
COIVIACHO CBOEM TOIIOJIOIMH. 1o ymMorgaHuro: 60 CeKyH/I,.

(OnuoHanbHO) 3alaHUe BpeMeHH yep KaHuA 3anuced PIM
Join/Prune B cBOe# Tomoioruu. O6HYJIsIeTCS IIPU [I0JIyYeHU U
Join/Prune Ha COOTBETCTBYIOIIYIO 3alIUCh. [0 ymosryanuto: 210
CeKyH[I,

(OnrmoHasbHO) 3a/laHre MaKCUMaJbHOI0 KOJIMUeCTBA 3alrucen
(S,G) obpabaTriBaeMbIX Ha YKazaHHOM HHTepdetice. [To
yMoJi4aHuio: 0, IMMUTAa HeT.

(OnuoHanbHO) 3alaHre MaKCUMAaJIbHOT0 KOJIMYeCTBa IPYILIL,
IJIs1 KOTOPBIX co3marTced 3anucu (%G, I) Ha ykasaHHOM
uHTepdetice. IIo yMOTUaHUIO: 5 CEKYH]I.

(OnmyoHanbHO) 3alaHre MaKCUMaJIbHOTO 3HaYeHUs
HHTepBaJsla 0T CTapTa IIpolecca Ha UHTeperice 10 IIepBOMA
orripaBkd PIM Hello, BEI6MpaeTcs ciaydaitHBIM 06pasoM ot 0 110
yKasaHHOro 3HayeHUs. [1o yMorgaHuio: 30 CeKyH/,.

(OnroHanbHO) OTK/IIOYEHHe CO3/JaHUs COCe/ICTBA Ha JaHHOM
UHTepderice.
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exit

keep-alive SEC

multipath group-nexthop
hash|modulo

register probe-time SEC

register suppression-time SEC

trap interface state change

address-family ipv4
static-rp PREFIX/MASK

pim-mode asm|ssm

rp-address ADDR

exit

bsr candidate-bsr IP-ADDR

candidate-period NUM

hash-mask-1len NUM

priority NUM

exit

bsr candidate-rp IP-ADDR
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BosBpart B pesxuMm KoHQUrypanuu router pim address-family
ipvd.

(OnroHasIbHO) 3a/laHe BpeMeHHU yiep KaHud 3amuceii (S,G)
IIPU OTCYTCTBUU CO0611IeHMH (S,G)Join. ITo ymosganuto: 210
CeKyH/I.

(OnuoHanbHO) 3aaHue crrocoba 6a1aHCUPOBKHU OTIIPABKU
PIM-coob61tieHu Mmexxy ECMP-1nHKaMU.

(OnmmoHaIbHO) 3aZlaHre BpeMeHHU 0)KUIaHUs CO0OIIeHHs
Register-Stop 1tocsie otripaBky Null-Register. I1o ucTeueHMI0
CcTapTyeT MHKAaIICyJaus multicast-Tpaduka B cropoHy RP. ITo
YMOJIYaHUIO: 5 CEKYH]I,

(OnyoHanbHO) 3alaHre MaKCUMaJIbHOTO UHTepBaJia OT
II0JIyYeHUs co00IeHus Register-Stop 10 mpeKpaleHus
HMHKAaICY/JIAUU multicast-rpa¢uka B cropoHy RP. Bei6rpaeTcs
CIy4arHBIM 06pasoM oT 0 10 yKasaHHOro 3HauyeHUs. [1o
YMOJIYaHUIO: 60 CEKyH.

(OnmoHanbHO) BKiroueHHe oTIipaBKU SNMP-TparioB ipu
U3MeHeHUU cTaTryca PIM-uHTepderica.

[Tepexon B pe’KUM HAaCTPOUKH aipeCcHOTO ceMencTBa [Pv4.

(OnmmoHanbHO) Co3gmaHue qraria3oHa IPYyII 11 06paboTKHA
IIPOTOKOJIOM Ha YCTPOMCTBE U IIePeX0/i B PesKUM €€ HaCTPOUKH.

Bri6op pesxuma pa6oTsl PIM 191 HacTpauBaeMoro JualasoHa
rpyutr. ITo ymosgaHuto: ASM.

3agmaHue aspeca Rendezvous Point 1y11 HacTpauBaeMOro
[yUarasoHa I'pyIlll, ecjid BbIOpaH peskuM ASM.

BosBpat B pe;KUM KOHQUTryparuu router pim address-family
ipvd.
(OmmmonasnbHO) Co3maHue aK3eMILIsIpa o6paboTurka PIM

bootstrap-coo611ieH1 U IIepexo, B PeKUM ero HaCTPOMKHU.

(OmroHasIbHO) 3a/taHUe Ilepuoza OTIIpaBKU advertise-
coobieHuH. [To ymoruaHUI0: 60 CEKYH]I.

(OmimoHasIbHO) 3aiaHue IJIMHBI MacKU i hash-QyHkiyy,
UCII0J1b3yeMOoH 1y1d Bei6opa RP. ITo ymosrganuto: 30.

(OmrmoHasbHO) YKasaHUe IpropuTeTa B advertise-
coobieHusx. candidate-bsr BeiOHpaeTcs 10 60JIbIIIEMY
3HaueHuo. ITo ymosruanuro: 0.

BosBpart B pesxuMm KoHQUrypanuu router pim address-family
ipv4.

(OmmmoHasibHO) Co3aHue aKk3eMIIsipa oopaboTurka PIM CRP-
COOOIIIeHUH U IlepeXx0]] B Pe’KUM eTr0 HaCTPOMKHU.



address-1ist WORD
hold-time NUM
interval NUM

priority NUM

exit

anycast-rp ANYCAST-ADDR RP-
ADDR
exit

commit
IIpumep HacTpoiku PIM

router pim
address-family ipv4
static-rp 225.54.0.0/16
rp-address 10.0.0.134
exit

(OmroHasIbHO) 3a/iaHUe CIIMCKa aipecoB /I aHoHca B CRP-
COOOIITeHUSX.

(OnnoHasIbHO) 3a/iaHye BpeMeHU coxpaHeHus RP B BSR-
a”oHcax. [1o ymosruanuro: 150 cekyHZ,.

(OmroHasIbHO) 3a/laHUe UHTepBasia OTIIPaBKU CO001eHu RP
Advertisement. [To ymosryaHu10: 60 CEKyH/,.

(OnmroHasbHO) VKasaHue IpuopuTreTa B advertise-
coobieHusx. candidate-rp BeIOMpaeTcs 110 MEHbIIIEMY
3HaueHU1o. [Io ymoryanuro: 0.

BosBpat B pe;KUM KOHQUTryparuu router pim address-family
ipvd.

(OmroHasbHO) 3alaHue COOTBETCTBUA ajipeca RP 1 o611tero ip-
anmpeca.

BosBpat B pe;KUM KOHQUTypariuu router pim.

HpI/IMEHEHI/Ie IIPOU3BEAEHHBIX HACTPOEK.

interface tengigabitethernet 0/0/9

exit

interface tengigabitethernet 0/0/1.30

passive-interface
exit
exit
exit

IIpoBepka paboToCcmoco6HOCTH IPOTOKOIa PIM

show pim bsr candidate-bsr

BeiBox nuHGOpManyu o robeauresie BSR-BI60OPOB:

0/ME5100:Router#f show pim bsr candidate-bsr

Address family: IPv4
Address: 10.0.0.33
Hash-mask: 30
Priority: 0
Candidate period: 60
Elected BSR: true
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Bootstrap timer: 43 sec

show pim bsr candidate-rp

BrIBOJI cIricKa aHOHCHpPYyeMbIX candidate-rp ¥ cooTBeTCTBYOIUX UM address-list:

0/ME5100:Router#t show pim bsr candidate-rp
Address family: IPv4

Cand-RP Prio Bid Inte Hold-ti Adv Address-list
rity ir rval me (sec)
10.0.0.26 0 no 60 150 0 test

show pim bsr election

BeiBog mHGOpMaIuu o Beibopax BSR-router:

0/ME5100:Router# show pim bsr candidate-rp

Address Prio Hash-ma Expiry-ti Uptime
rity sk me
10.0.0.26 0 30 00h00m@3s 00hO6MA6S

show pim bsr rp-cache

BeiBog MHQOpPMAaIUU 0 ITepefaBaeMbIX B BSR-coob1ieHUaX Tapax "RP-ripe¢ukc":

@/ME5100:Router# show pim bsr rp-cache

RP-Address Prio Holdtim Expiry-ti Group-prefix
rity e me

0.0.0.26 0 150 00h02m21s 232.0.0.0/8

0.0.0.26 0 150 00h02m21s 239.0.0.0/8

show pim neighbors

BriBog, Tekymux PIM-cocencTs:

0/ME5100:Router# show pim neighbors

Neighbor Interface Uptime Expires BFD
100.99.11.111 bu1.4010 00h17m@8s 00h@Tm36s active
101.26.134.134  bu1.4033 00h17m15s @0h@Tm31s active
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JleTasibHBIN BBIBOJ, 0 PIM-coce/icTBax Ha UHTepoderice:

0/ME5100:Router# show pim bundle-ether 1.4010
IPv4 neighbor 100.99.11.111 at Bundle-ether1.4010
Uptime: 00h18m19s, Expires: 00h@1m25s
BFD state is active
DR priority is 1
LAN prune delay options:
Suppression is disabled
Propagation delay is 500 msec
Override interval is 2500 msec

BriBojz craTrcTUKY 0 PIM-cocezicTBe Ha MHTepdelice:

0/ME5100:Router# show pim bundle-ether 1.4010
Bundle-ether1.4010

Message type Errors Received
Assert 0 0
Bootstrap 0 0
DF election 0 0
Graft 0 0
Graft Ack 0 0
Join/Prune 0 3
State Refresh 0 0
Hello N/A 40
Joined sources N/A 0
Pruned sources N/A 3

show pim topology

BeiBog, Tekymux PIM-3amuced ¢ UX THUIaMH, COCTOSIHUAMM, nexthop, rpf u CImcKoM HCXOIAIITUX
uHTepdericoB. Harmpumep, BEIBOJ, TOIIOJIOTUH IS JIOKAJIBHOIO I10JIy4YaTess C II0OCTPOeHHBIM SPT-
IlepeBoOM:

0/ME5100:Router# show pim topology
IP PIM Multicast Topology Table
Entry state: (*/S,G)[RPT/SPT] Mode, Protocol, Uptime, Info
Interface state: Name, Uptime, Fwd, Info

(46.61.193.86, 225.54.205.135) SPT, asm, Up: 00h00m29s
JP: joined (00h0Om30s), RPF: Tengigabitethernet 0/0/12.10, nexthop:
110.26.134.134, protocol: isis, prefix: 46.61.193.0/24
No interfaces in immediate olist

(46.61.193.86, 225.54.205.135) RPT not-prune, Up: 00h@0m@0s
No interfaces in immediate olist
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(*, 225.54.205.135) asm, Up: 00h00m29s, RP: 10.0.0.134 is not local (config)
JP: joined (00h0Om30s), RPF: Tengigabitethernet ©/0/12.10, nexthop:
110.26.134.134, protocol: isis, prefix: 10.0.0.134/32
te0/0/7 asm, Up: 00h0Om29s is local

[IprMep BHIBOJA TOTIOJIOTHUH /LI YCTPOMCTBA, IPUHUMAIOIIero 2 multicast-rpymimst:

0/ME5100:Router# show pim topology
IP PIM Multicast Topology Table
Entry state: (*/S,G)[RPT/SPT] Mode, Protocol, Uptime, Info
Interface state: Name, Uptime, Fwd, Info

(46.61.193.86, 225.54.205.135) SPT, asm, Up: 04h20m23s
JP: joined (never), RPF: Tengigabitethernet 0/0/1.30, nexthop: 46.61.193.86,
protocol: local, prefix: 46.61.193.0/24
No interfaces in immediate olist

(46.61.193.86, 225.54.205.136) SPT, asm, Up: 04h20m23s
JP: joined (never), RPF: Tengigabitethernet 0/0/1.30, nexthop: 46.61.193.86,
protocol: local, prefix: 46.61.193.0/24
te0/0/9.10 asm, Up: 00h0Om47s is not local

show pim interfaces

BEIBOZ CKOHOUIYPHPOBAHHBIX PimM-UHTeppercoB: HX COCTOSHHH, KOJHYeCTBA COCEACTB H
BBIOpaHHEIN DR B JoMeHe.

0/ME5100:Router# show pim interfaces
Address family: IPv4

Address Interface Status Nbr (*,6) (S5,6) DR

Designated
Count Count Count priority

Router

100.99.11.1 bu1.4010 up 1 0 0 1
100.99.11.111

101.26.134.26 bu1.4033 up 1 0 0 1
101.26.134.134

192.168.10.1 te@/0/7 up - 0 0 1
local

show pim summary

BeIBOZ, 0600111eHHOM MHGOPMAITUHU O 3aIMHCIX Pa3JIUIHOTO THIIA.
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0/ME5100:Router# show pim summary
PIM IPv4 State Counters
Keepalive period is 210 sec
Register suppression time is 3 sec, probe time is 1 sec
PIM multipath mode is highest-neighbor (disabled)
Interface state change traps are enabled
PIM graceful restart status is timed-out
Backstop timer: 300 sec (@ remaining)
Join startup timer: 60 sec (@ remaining)
Different sources/RPs: 1/3
Groups now/max: (*,G): 1/not set (S,G): 1/not set
(*,G6,I): 1/not set (S,G,I): @/not set

show pim group-map

BbIBOJ TaGJIMIIBI COOTBETCTBUSI AMANa30HOB multicast-rpymm, HasHadueHHOHM RP © cmoco6a
3aIaHUSI COOTBETCTBUS.

0/ME5100:Router#f show pim group-map
IP PIM Group Mapping Table
(* indicates group mappings being used)

Group Range Proto C(Client RP address
239.0.0.0/8* asm config 10.0.0.26
239.1.128.0/24* asm config 10.0.0.26
225.54.205.0/24* asm config 10.0.0.134
232.1.1.1/32 ssm config 0.0.0.0
225.0.0.0/8* asm bsr 10.0.0.3
232.0.0.0/8* ssm config 0.0.0.0
239.1.200.0/21* asm config 10.0.0.111
ffle::/32* ssm config ::

show pim summary statistics

BBIBOJI CTaTUCTUKMU 110 cO061IeHMIM PIM Register pa3iiuHoOro Buja.

0/ME5100:Router# show pim summary statistics
PIM IPv4 statistics

Message type Errors Sent Received
Assert 0 0 0
Bootstrap 0 0 0
C-RP-Advertisement 0 0 0
DF election 0 0 0
Graft 0 0 0
Graft Ack 0 0 0
Hello 0 391 97
Join/Prune 0 91 13
Joined sources N/A 72 0
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Pruned sources N/A 48 15

S,G-updates w/MSDP N/A 0 80
State Refresh 0 0 0
Register 0 0 0
Register Stop 0 0 0
Null Register N/A N/A 0
C-RP-Adv filtered 0 N/A N/A
Incorrect checksum @ N/A N/A
Short header 0 N/A N/A
Unsupported type 0 N/A N/A
Unknown type 0 N/A N/A
Unknown version 0 N/A N/A

ITporokosr MSDP

[IpOTOKOJI CIIY?KUT 11 06MeHa nHGopMalre 06 umeronuxcsd 3anucax (S,G,RP) Mmexxay cocemsaMmu,
HaXO[AIIUMUCSI B pasHbIX PIM-momeHaXx. VcrpoucTtBo co3maét TCP-ceccuu ¢ HaCTPOeHHBIMU U
NOCTYIIHBIMU IIUpPaMU, UMIIOPTUPYeET JIOKaJIbHbIe (S,G)-3allMCU U3 TOIOJI0TUU PIM, IIPOM3BOAUT
PacChUIKY COIJIaCHO IpaBmiaM ¢uiubTpanuu U MESH-Mozesd, UMIIOPTUPYET 3allMCU U3 UYKUX
Source-Active-coOOIIeHUN U HHCTA/UIMPYeT HUX B JIOKaJbHYI PIM-ToroJsioruw. Peasnsarus
IIPOTOKOJIOB BBIIIOJIHEHA B COOTBETCTBUU C RFC 3618.

INTopsimoxk HacTpoiiku MSDP

1. O6eceYUTh AOCTYITHOCTD aJ[pecoB ITMPOB COIJIaCHO B TabJIMIle MapIIPyTU3aIluU Unicast;

2. VkasaTh connect-source, CKOHQUIypUpOBaTh COCeleld U paclpenejauTh UX corracHo MESH-
MO/IeJIN CeTH;

3. [Ipy Heo6XOAMMOCTH H3MEHUTH IIPOYHe IIPOTOKOJIbHBIE HACTPOMKH, BBICTaBJIEHHBIE II0
YMOJTYaHHUIO.

IIpegBapuTesbHasA HacTpoiika MSDP

Pa6ora MSDP oCHOBBIBaeTCd Ha TabJHIle MapIIpyTH3alluM unicast, Ucrosab3yeTcsa A RPF u
IIOCTPOEHUs [lepeBbeB. B ciayyae, eC/id YCTPOMCTBO BBICTYIIaeT B POJIM IToJjydaTesss multicast,
IPOTOKOJI UCII0JIL3YeTCs 111 UMITOPTa 3aruceit (S,G) us torosioru PIM.

ITpumep nacmpoiiku unmepgeiicog 015 op2aHu3ayuu coceocmas u onpedesieHUs nomoka multicast

router pim
address-family ipv4 static-rp 225.54.0.0/16
rp-address 10.0.0.134
exit
address-family ipv4 interface tengigabitethernet 0/0/1.30
passive-interface
exit
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IIpumep 8b1800a 0 docmynHocmu Mapupyma coceda u 10KaabHuix (S,G) 3anuceli.

0/ME5100:Router#f show route 10.0.0.26
Routing entry for 10.0.0.26/32

Last update: N/A

Routing Descriptor Blocks
100.26.134.26, via te 0/0/9
Known via isis, distance 116, metric 20
type isis-level2-internal, protection N/A, route-type remote
0/ME5100:Router# show pim topology

IP PIM Multicast Topology Table
Entry state: (*/S,G)[RPT/SPT] Mode, Protocol, Uptime, Info
Interface state: Name, Uptime, Fwd, Info

(46.61.193.86, 225.54.205.135) SPT, asm, Up: 06h15m17s
JP: joined (never), RPF: Tengigabitethernet 0/0/1.30, nexthop: 46.61.193.86,
protocol: local, prefix: 46.61.193.0/24
No interfaces in immediate olist

(46.61.193.86, 225.54.205.136) SPT, asm, Up: 06h15m17s
JP: joined (never), RPF: Tengigabitethernet 0/0/1.30, nexthop: 46.61.193.86,
protocol: local, prefix: 46.61.193.0/24
No interfaces in immediate olist

HacTtpoiika npoToxkosia MSDP

Tabauuya 73. Iopsidok Hacmpoliku MSDP

Komanpga
configure
router msdp

vrf WORD

connect-source ADDR

originator-ip ADDR

keepalive SEC

holdtime SEC

HasxnaueHue
[Tepexo/i B pesXUM IT100aIbHOM KOHQUIYPALH.
Cosmanue MSDP 1poriecca 1 Ilepexof;, B pesKHUM ero HaCTPOHKH.

(OmmmonanbHO) 3anyck IGMP-iporiecca B ykasaHHOM VRF 1
Iepexo/i B pe’KUM HAaCTPOMKH 3TOTO IIpoIiecca.
Hrpxecsiemyronpie KOMaH/bl IIPUMEHHMEI IS IIPOIiecca BHYTPH
global table 1 BHyTpu crieniuduuHoro vrf.

VKasaTb ajipec, C KOTOPOTro Oy/ieT CTPOUTCS ceccus (B CTOPOHY
CTapILIero ajpeca) UiIx KOTOPbIM OyIeT 0’)KUAATH COO0IIeHU (0T
MJIQIIIIEero ajgpeca).

(OnyoHanbHO) YKasaTh ajpec, KOTOPHIM OyZeT yKasblBaThCA B
KauecTBe RP B coob11ieHUIX Source-Active. I1o yMoI9aHHIO
paBHsgeTCd connect-source.

(OmrmoHasbHO) MHTEpBas OTIIpaBKHU coob1eHui TCP
Keepalive. [To ymosruaHuio: 60 CeKyH/I.

(OriroHaIbHO) BpeMs )KU3HU CecCUi C II0AHATHIMU IIUPaMU.
ITo yMOTUaHUIO: 75 CEKYH/I.
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cache-sa-holdtime SEC (OnItroHaIbHO) BpeMsi )KU3HHU 3aIIHCH B Kallle Source-Active. ITo
yMoOJIYaHUI0: 150 ceKyHZ,

peer ADDR Co3aHue IUpa U BXOJT B PeKUM €ro KOHQUTYpaIliu.

connect-source ADDR (OmmoHasbHO) YKasaTh afipec, C KOTOPOro OyAeT CTPOUTCI
ceccus (B CTOPOHY CTapIIIero azpeca) Ui KOTOPbIX OyaeT
0’KUJaTh COOOIeHUM (0T MJIAIIIero afpeca) Ajid KOHKPETHOTO
nupa.

mesh-group NUM (OnpoHanbHO) YKasaThk UHeKC MESH-TPyYIIIE], B paMKax
KOTOPOM He 6YIyT pacchlIaThbCsa CO00IeHUd SA.

description STRING (OmmmoHaIbHO) 3a7jaTh OIKMCAHMe ITHPa.

shutdown (OnmroHaIbHO) OTKIIIOUUTE CO3/IaHMe CECCUU C YKa3saHHBIM
IIUPOM.

exit Bo3Bpat B pe’KUM KOHQUTypariiu router msdp.

commit [IprMeHeHMe IPOU3BeIeHHBIX HaCTPOeK.

Tabauua 74. [lopsadok Hacmpolku aucmos guasmpavuu MSDP

Komanpga Ha3sHaueHue

configure [Tepexof B pesKUM Iv106a/IbHOM KOHQUIYpaIlUHU.

router msdp [lepexopn B peskuM HacTpoUKu MSDP.

peer ADDR [Tepexof B pesXKUM KOHQUI'YpaAITUU ITHpPA.

sa-filter in NUM Co3maHue QUIbTPA Ha 3aITUCH U3 BXOSAIIUX SA-COOGITIEHUH.
group-address 3amanue wildcard-3amucu Ajid MaTYUHTA ajipeca IPyIIIIbL.
IPv4(A.B.C.D)/WCARD(A.B.C.D) |

any

source-address 3amanue wildcard-3amnucy yig MaTUMHTa ajjpeca UCTOUYHHUKA.
IPv4(A.B.C.D)/WCARD(A.B.C.D) |

any

rp-address 3aganue wildcard-3amnucu a5t MaTUYMHTA afipeca RP.
IPv4(A.B.C.D)/WCARD(A.B.C.D) |

any

action permit|deny JletficTBHe 171 CO3LaHHOr0 GMIbTpA: permit — pasperimnTs,

deny — OTKJIOHUTD. [10 YMOJSTYAHHUIO: PA3PEIITUTh.

exit Bo3BpaT B pe)KUM KOHUTYpaIuu router msdp peer.

sa-filter out NUM Cosmanue ¢pruibTpa s (S,G,RP) 3amuceit mpu GOpMUPOBaAHUH
HCXOJISIIIEro SA-coobImeHust. [IpaBriIa co3aaHus GUabTpa
AHAJIOTUYHBI BBIIIEOMTUCAHHBIM.

commit [IprMeHeHHe ITPOU3BeIEHHBIX HaCTPOEK.

IIpumep HacTpoitku MSDP

router msdp
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connect-source 10.0.0.134
keepalive 60
originator-ip 10.0.0.144
peer 10.0.0.111
sa-filter out 1
source-address any
group-address any
rp-address 10.0.0.134/0.0.0.0
exit
mesh-group 1000
exit
peer 10.0.0.26
mesh-group 1000
exit

IIpoBepka paboTocmmoco6HOCTH IPOoTOKOIa MSDP

show msdp source-active

BeiBoguT Tabsuiy coorBeTcTBUA (S,G,RP) 1 MecTO mpoucxoKaeHus. [Ipumep JIOKaJbHBIX source-
active:

0/ME5100:Router# show msdp source-active

Group Address Source address  Peer address Originator Uptime
225.54.205.135  46.61.193.86 local 10.0.0.144 07h38m04s
225.54.205.136  46.61.193.86 local 10.0.0.144 07h38m04s

HpHMep source-active IIPHUHATHIX OT CoCelia:

0/ME5100:Router# show msdp source-active

Group Address Source address  Peer address Originator Uptime
225.54.205.135 46.61.193.86 10.0.0.134 10.0.0.144 00h13m12s
225.54.205.136  46.61.193.86 10.0.0.134 10.0.0.144 00h13m12s

[Tprmep PIM-TOIIOJIOTHH, COZleprKalleil UMIIOPTUPOBAHHEIE SA:

0/ME5100:Router# show pim topology
IP PIM Multicast Topology Table
Entry state: (*/S,G)[RPT/SPT] Mode, Protocol, Uptime, Info
Interface state: Name, Uptime, Fwd, Info

(46.61.193.86, 225.54.205.135) asm, Up: 00h11m23s
JP: not-joined (never), RPF: Tengigabitethernet 0/0/12, nexthop: 100.26.134.134,
protocol: isis, prefix: 46.61.193.0/24
No interfaces in immediate olist
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(46.61.193.86, 225.54.205.136) asm, Up: 00h11m23s
JP: not-joined (never), RPF: Tengigabitethernet 0/0/12, nexthop: 100.26.134.134,
protocol: isis, prefix: 46.61.193.0/24
No interfaces in immediate olist

show msdp peers

BeIBOAUT TabJIMITy HACTPOEHHBIX ITUPOB, a/IpeCOB, COCTOSIHUS U CTATUCTUKU. [IpuMep:

0/ME5100:Router# show msdp peers
Peer Address Local address State Uptime/Downtime Active SA Count TLV
sent/recv Mesh-Group

10.0.0.26 10.0.0.134 ESTABLISHED 01h@3m34s 0
128/64 1000

CepBucs1 MulticastVPN (MVPN)

10 Habop crrocob0B Iepemaur multicast-Tpaduka ¢ ucnoab3zoBaHreM IP-VPN. B ycrporictBax ME
ucrionbsyercs NG-MVPN ¢ aHoHcHpoBaHMeM MapuipyToB B BGP AFI1/SAFI5 u nmoctpoeHreM LDP-
P2MP TyHHeJIeH.

IIpeaBapurebHas HacTpoiika MVPN

Pabora MVPN ocCHOBBIBaeTC Ha aHOHCHUPOBAaHUU VPNVA-TIpedUKCOB [JIS IIOCJIEAYIOIIETO
HCII0JIb30BAaHUS B KaUeCTBe source-aZpecoB B IIOIIHMCKaX.

IIpumep Hacmpotiku uHmepdetica u uHcmarca BGP 015 aHoHcuposaHusi L3VPN-mapupymos

interface tengigabitethernet 0/0/1.4030
encapsulation outer-vid 4030
ipv4 address 46.61.193.134/24
vrf mvpn

exit

router bgp 65534

neighbor 10.0.0.26
address-family ipv4 mvpn
exit
address-family vpnv4 unicast

next-hop-self

exit
remote-as 65534
send-community
send-community-ext
update-source 10.0.0.134
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exit
exit

Hacrpoiika MVPN

Tabauua 75. Hopsadok Hacmpoliku MVPN

KomaHnpaa
confiqure

vrf WORD

mvpn

customer-site-type receiver-
only|sender-only|sender-
receiver

originator-ip ADDR

spmsi-tunnel GROUP SOURCE

spt-only

exit

commit

Ha3sHaueHue
[Tepexof B pesXyUM Iv106a/IbHOU KOHQUTYPALHH.

(OnuonanbHO) [Tepexon B ykasaHHBINM VRF, B KOTOpOM OyzeT
BBIIIOJIHATECA paboTa ¢ multicast-MapIipyramMmu.

Cosmanue oopaborunka MVPN U Iiepexof] B pesKUM eTo
HaCTPOUKH.

(OnyoHanbHO) YKasaHue criocoba IIpréM/aHOHCUPOBaHUA

MapILpyTOB

(OmrmoHanbHO) Affpec originating-router/root-node B aHOHCax S-
PMSI-mapitpyToB. [Io yMoI4aHUIO ABJIgeTCd router-id B JaHHOM
vrf.

(OmrmoHasnbHO) Co3maHue craTUuecKoro S-PMSI TyHHeos.

(OnoHanbHO) BKIOUeHHe pesKuMa, KOI/ia IIPOITyCKaeTC s aTall
co3maHus Shared-zepeBa

Bo3BpaT B pe)KuM KoHpurypanuu vrf.

[IppMeHeHMe IIPOX3BeJeHHBIX HACTPOEK.

Hacrpolika IIPpOTOKO0JIOB A1 nepesauyu MVPN-MapuipyToB

IIpumep Hacmpotiku PIM

router pim
vrf testl
address-family ipv4

I uHTepdeiic nctounnka multicast
interface tengigabitethernet 0/0/1.4030

passive-interface
exit

I obpabaTbiBaembie rpynmbl
static-rp 225.54.0.0/16
rp-address 10.0.0.134

exit
exit
exit
exit
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ITpumep Hacmpotiku BGP

router bgp 65534
neighbor 10.0.0.26
I nobasnaem SAFI mvpn Ha Bcex HeobxoauMbiX yCTPOMCTBAxX B CeTH
address-family ipv4 mvpn
exit
address-family vpnv4 unicast
next-hop-self
exit
remote-as 65534
send-community
send-community-ext
update-source 10.0.0.134
exit
exit

ITpumep nacmpoiiku LDP

mpls
forwarding
interface loopback 1
interface tengigabitethernet 0/0/1.4033
exit
1dp
discovery interface tengigabitethernet 0/0/1.4033
I co3panne MLDP-TyHHeneii Ha TpaHCMOpTHOM MHTepdeiice
p2mp-mldp
exit
exit
exit

IIpoBepka padboTocmocooHoCcTH MVPN

show multicast counters vrf mvpn
BeIBOUT TabJIUITy 3aperuCTPUPOBAaHHBIX multicast-IIOTOKOB.

IIpumep:

0/ME5100:Router# show multicast counters vrf mvpn

Source Address Group Address

Packets Recv Bytes Recv Status codes Interface
46.61.193.86 225.54.205.135

303880 414492320 te@/0/1.4030
46.61.193.86 225.54.205.136
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303808 414394112 te0/0/1.4030

show bgp ipv4 mvpn
BBeIBOAUT Tab/IUIy aHOHCUPYEMBIX U IIPUHHUMaeMbIX MVPN-MapIipyTos.
IIpumep:

0/ME5100:Router# show bgp ipv4 mvpn

Network Next hop Metric LocPrf Weight Path

>i 5:5 [1][10.0.0.26]

10.0.0.26 0 100 0 ]
> 5:5[1][10.0.0.134]

10.0.0.134 0 100 0 i
> 5:5 [3][46.61.193.86][225.54.205.135][10.0.0.134]

10.0.0.134 0 100 0 i
> 5:5 [5][46.61.193.86][225.54.205.135]

10.0.0.134 0 100 0 i
>i  5:5 [7][65534][46.61.193.86][225.54.205.135]

10.0.0.26 0 100 0 1

show bgp ipv4 mvpn route-type
BriBoAUT 1TO0AP06HYI0 HHPOopMaIrio 0 MVPN-maplipyTax onpeeJI€HHOTO TUIIA.

IIpumep:
0/ME5100:Router# show bgp ipv4 mvpn route-type source-active-ad

Route Distinguisher: 5:5
Multicast Source: 46.61.193.86
Multicast Group: 225.54.205.135
AS path:
10.0.0.134 from afm (0.0.0.0)
Origin igp, metric @, local-pref 100, weight @, inactive, best
Address family: ipv4/mvpn
NLRI pathID: @
Aggregator AS: 0, Address: 0.0.0.0, Atomic aggregate: absent
Extended Community: RT 5:5 (0.0.0.5)
Is not stale, is not history
Route flap penalty: @, flap count @, is not suppressed
Route flap time left: 00:00:00, time start: never
Route is not ECMP

show pim vrf mvpn topology

BeIBOAUT TabJIMITy 3aperuCTPUPOBaHHBIX multicast-IIOTOKOB.
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IIpumep:
0/ME5100:Router# show pim vrf mvpn topology

IP PIM Multicast Topology Table
Entry state: (*/S,G)[RPT/SPT] Mode, Protocol, Uptime, Info
Interface state: Name, Uptime, Fwd, Info

(46.61.193.86, 225.54.205.135) SPT, asm, Up: 01h53m08s
JP: joined (never), RPF: Tengigabitethernetd/0/1.4030, (46.61.193.86)
pmsi/5:5/10.0.0.134/3 asm, Up: 00h00Om26s is local

(46.61.193.86, 225.54.205.136) SPT, asm, Up: 01h53m@8s
JP: joined (never), RPF: Tengigabitethernetd/0/1.4030, (46.61.193.86)

show mpls 1ldp bindings mldp
BriBoguT TabIUIy MeTOK /11 P2MP-TyHHe e .

IIpumep:

0/ME5100:Router# show mpls ldp bindings mldp

LSR Label Type Root node Opaque value
10.0.0.26:0 101 P2MP 10.0.0.134 T
10.0.0.26:0 106 P2MP 10.0.0.134 2
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3EPKAJINPOBAHUE TPA®UKA

3epkanupoBaHHe TpaduKa — TEeXHOJIOTHUS LyOJHMpOBaHUSA IIAaKeTOB OJHOTO MM HECKOJIbKUX
nopToB (1/miu VLAN) Ha apyrom. [IpegHasHaueHa /11 KOHTPOJISL CETEBOTO TpaduKa, A1 aHaIu3a
U OTJIaJIKU JTAaHHBIX WA AUATHOCTHUKU OIIMOG0K B CETSX IIyTeM IepPechbIKU KOIIMM BXOISAIUX
U/WIA UCXOJAIIUX I1aKeTOB C OJHOTO WJIM HEeCKOJbKHUX KOHTPOJIMPYEeMBIX IIOPTOB Ha OIUH
KOHTPOJIUPYIOIUHN TIOPT.

Ha mapurpyrusaropax cepuri ME BO3MO’KHO co3/jaHue 0 15 cecCH MOHUTOPHHTA.

JlokasnbHOe 3epkasupoBaHue SPAN (The Switched Port Analyzer) saBisercsa Haubo0Jee IIPOCTOM
¢dopmMoOI 3epKaIUPOBaHUA. Bce KOHTposMpyeMble (source) IIOPTHI PAacIIOJIOXKeHBI Ha TOM JKe
CeTeBOM YCTPOMCTBe, UTO KOHTPOJIUPYIOIUi (destination) ImopT.

SPAN

Tabauya 76. Hacmpolika ceccuu mMoHumopuHza SPAN

KomaHga Ha3HaueHmue

configure [Tepexof B pesKUM I7100a/IbHOM KOHQUIYpaIlUH.

monitor-session
session_name

[Tepexo/ B pesKUM KOHQUTYpaIluy CeCCU MOHUTOPHHTA.

description descr (OnimoHanbHO) /106aBUTH OITMCAaHKe HasHAUeHUsI CECCUU

destination interface type
num

source interface type num

direction { both | rx-only
| tx-only }

vlanvlan_tag

direction { both | rx-only

| tx-only }

exit

exit
exit

commit

3aaTb KOHTPOJIHPYIOIIMY MOPT —IIOPT, Ha KOTOPBIM O6yayT
OTIIPaBJISITHCS KOITUH IT€PEXBAYEHHBIX ITAKETOB.

[lepexo;, B  pPeKUM  KOHQUIYpallMM  KOHTPOJIMPYEMOTO
IopTa — II0pTa, C KOTOPOTO GYAYT IIepeXBaThIBAThHCS ITaKeTHL.

BeiOpaTh THI 3epKaJaupyeMoro Tpaduka: BXOAAIIUU (rx-only),
ucxopgammi (tx-only), Bech Tpaduk. I1o yMosTUaHUIO 3epKaIUuPyeTCs
Bechb Tpaduk (both).

VKasaTh KOHTpoaupyeMyro VLAN U IlepedTU B peXUM 3aJaHUs
TUIIa TpadpuKa.

(omroHaJIbLHO) BrIOpaTh THUII 3epKajJHUpPyeMOro TpaduKa I
Tpaduka ¢ ykasaHHbIM VLAN ID: Bxogamui (rx-only), UCXOQAIITHN
(tx-only), Becpr Tpaduk. [0 ymMOIYaHUIO 3epKaJIHpPyeTCsd BecCh
Tpadux (both).

Bo3sBpaT B peXuM KOHQUIYpallud KOHTPOJIUPYEMBIX IIOPTOB.
MoxxHO np06aBUTH [omosaHUTenbHble VLAN ID maa mepexsaTa
Tpapuka.

Bo3BpaT B peXUM KOHQUIYpaIUX CeCCUU MOHUTOPHUHTA.
(OnroHasbHO) Bo3BpaT B peskuM 17106a/1bHOM KOHQUTYpaIH.

[IppMeHeHUe IIPOM3BeJeHHBIX HaCTPOEeK.
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Remote SPAN (RSPAN)

3epKaJUpPOBAHHBIA TpaduUK TakKe MOXKHO IlepeflaBaTh Ha YCTPOMCTBA MOHHUTOPHUHTA, He

IIOAK/IFOYEHHBbIE

MHKAIICyJIUPYeTC B IIaKeThI

HeIIoCpeaCcTBEHHO K

MapuIpyTHU3aTOpy.  3epKaJIMpOBaHHBIM  TpadUK
¢ BHemrHUM TeroM RSPAN VLAN u 1iepemaerca IIO CeTH

KOMMYTAaTOPOB K y/laJIeHHOMY YCTPOMCTBY MOHUTOPHHTIA.

Tabauua 77. Hacmpotika ceccuu MOHUmMopuHaa RSPAN

Komanpga

configure

monitor-session
session_name

description descr

source interface type num

direction { both | rx-only
| tx-only }

vlan vlan_tag

direction { both | rx-only
| tx-only }

exit

exit
destination remote

interface type num

vlan vian_id

vlan-pcp value

root

interface { type num }
num.subif id

encapsulation outer-vid
outer-vid

commit
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HasnaueHue
[Tepexof B pesXuM 171062/ IbHOM KOHQUTYPAIIH.

IIepexo[; B pe)KUM KOHOUTYPAITUH CECCHH MOHUTOPUHTA.

(OmroHaIbHO) /106aBUTH OIMCAaHUE Ha3HAUYeHHs CeCCHH.
[Iepexof B pe’KUM KOHQHUTYPAITIH KOHTPOJIHUPYEMOTO TIOPTA.

Bri6paTh, Kakod Tpaduk OymeT 3epkKanupoBaThbed. [Io ymMordaHuio
3epkaJsipyeTcs Bech Tpaduk (both).

VkasaTh KOHTposupyeMyr VLAN.

BeiOpaTh THI 3epKaaupyeMoro Tpaduka: BXOAAIIHU (rx-only),
ucxopgammi (tx-only), Bech Tpaduk. IIo yMoTUaHUIO 3epKaIUupyeTCs
Bech Tpaduk (both).

Bo3BpaT B peXUM KOHQUIYpallud KOHTPOJIUPYEMBIX IIOPTOB.
MoxHO n06aBUTH [JomoaHUTenbHble VLAN ID maa mepexBaTa
Tpapuka.

Bo3Bpat B peskKUM KOHQUTYpaIiiy CeCCUY MOHUTOPHUHTA.
[lepexopn B peskuM HacTporKu RSPAN VLAN.

VKasaTb HHTepdeuc, 4Yepe3 KOTOPBI KOIIMM IIaKeTOB OYyAyT
OTIIPaBJIATHCS K YIaJIeHHOMY YCTPOMCTBY MOHUTOPHHTIA.

3amatb RSPAN VLAN — Ter, KOTOpPBIM O6yeT J00aBJIATHCSA Ha KOITUH
IepeXBauyeHHBIX II1aKeTOB IIPH UX OTIpaBKe K yAaJleHHOMY
YCTPOHMCTBY MOHHUTOPHHTA.

(OmmmoHanbHO) U3SMeHUTH IIpUOpUTeT TpaduKa, IepegaBaeMoro B
RSPAN VLAN (110 yM0/JI4aHUI0, 3HaUEeHHe IIpHopuTeTa paBHoO 0).

Bo3BpaT B pesKUM I7106aIbHOM KOHQUTYPaITHH.

[Tepexof B pesKUM KOHQUIypalluu MHTepdetica, UCIIOJIb3yeMOro B
kauecTtBe RSPAN mopTa Ba)kHo: HaJIM4yue TaKoro cabunrepdeiica
B KOHQUTYypaAIUH YCTPOMCTBA 00513aTe/IHHO!

Vkasatb RSPAN VLAN B KauecTBe Tera. BakHo: HOMep Tera Ha
cabuHTepdelice O/DKEH COBHAaJaTh C HOMEPOM Tera B
KoHpurypanuu vlan ajasa RSPAN-nmopra

HpI/IMEHeHI/Ie IIPOH3BEAEHHBIX HACTPOEK.



ITpumep HacmpolKu A0KAALHOU ceccuu MOHUmMopuHaa (SPAN)

monitor-session test
destination interface tengigabitethernet 0/0/16
source interface tengigabitethernet 0/0/1
direction rx-only
vlan 55
exit
vlan 103
exit
vlan 500
exit
exit
exit

ITpumep nHacmpoiiku ceccuu yoa1eHH020 MOHUMopuHaa (RSPAN)

monitor-session test?
destination remote
tengigabitethernet 0/0/9
vlan 1000
exit
source interface tengigabitethernet 0/0/3
vlan 4094
exit
exit
exit

interface tengigabitethernet 0/0/9.1000
description RSPAN
encapsulation outer-vid 1000

exit

MHpopMaIus 0 cecCUsix MOHUTOPUHTA COIEP>KUTCS B BBIBOJIe KOMaH/bI show monitor-session:

0/ME5100:Router# show monitor-session
Mon Dec 14 15:11:55 2020

Session: test

Type: local

State: up
Source:

Interface: te0/0/1
Direction: rx-only

VLAN: 55
Direction: both
VLAN: 103

Direction: both
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VLAN: 500
Direction: both

Destination:
Interface: te0/0/16

Session: test?

Type: remote

State: up
Source:

Interface: te0/0/3

Direction: both
VLAN: 4094
Direction: both

Destination:

Interface: te0/0/9
VLAN: 1000
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HACTPOHKA KAYECTBA OBCJIYKUBAHUA
QoS

B maHHOM IvIaBe pacCMaTpUBAKOTCA IIPUHIIUIIBI HACTPOMKHU CHUCTEMBI ObOeclleyeHUsl KadecTBa
obciayXxuBaHUS ceTH. IlapaMeTpbl KadecTBa ob6ciaykuBaHUs (Quality of Service) Io3BOJISIOT
IIPUOPUTE3UPOBAaTL  IIPOXOXKAEHHE  OIlpefieJIeHHbIX  TUIIOB  TpaduKa,  IIPOU3BOAUTH
IepeMapKUpPOBKY (M3MeHeHHe IPUOPUTETA) TPAH3UTHOMY TpPaduUKy, a TakKKe 3aJaBaTh II0JIOCY
IIPOITYCKaHUA I pasHbIX THUIIOB TpaduKa Ha pasjIUYHbIX MHTepdelicax. Ha MapuipyTusaTopax
cepur ME M0’KHO TUOKO peryJIMpoBaTh OJUTUKU IIPOX0KAEHU TpaduKa.

ITepemapkupoBka L3 Tpaduka

B mpuBefieHHOM IIpuMepe TpebyeTcs KIMEeHTCKUN TpaduK orpaHuuuBaTh B 20Mbit/s B 060ux
HampaBJIeHUSIX, U, B TO ’Ke BpeMsl, He JaBaTh BO3MOKHOCTHU MPUOPUTE3UPOBAHHOMY OT KJIWEHTa
TpadUKy HCIIOJIL30BaTh PeCYpPChl KJIacCoB €S6 U €s7 (HalpuMmep, B AU3aliHe MHOJ AaHHBIE THUIII
KJIaCCOB 3aJI0KeHbI KaHaJ/Ibl MOHUTOPUHTA U YIIPaBJIeHUS CeTH).

Tabauya 78. Co3daHue u Hacmpotika QoS-npogaiinos.

Komanpga HasHaueHue

configure [Tepexof B pesXUM IVI00aJIbHOM KOHQUI'YPAIIHHU.

qos [lepexon B peXUM KOHOUTYPUPOBAHUA U co3maHud QoS
IapaMeTpoB.

shape profile PROFILE_NAME Co3maHue OrpaHUYUTENILHOIO HPOQUMIIA IJI9 HCXOMAIIErO

Tpapuka. B pmaHHOM Bepcuu I[I0 IIEMIIMHTI IIPUMEHUM
TOJIBKO /I UCXOJAIIEro TpaduKa.

rate KBPS 3aZjlaHre OrpaHUUYUTEJbHON CKOPOCTH, IIPU IOCTHIKEHUU
KOTOPOM IIpeBHIIIAIIUN TpaUK 6yeT OTOPOIIIEeH.
JlaHHBIU ITapaMeTp SIBJIIeTCA 00513aTeIbHBIM.

exit BosBpaT B pexuMm KOHQUIYPHUPOBaHUA U co3fgaHUsg QoS
IIapaMeTpoB.

rate-limit profile PROFILE_NAME Co3gaHue OIpaHUYUTeJbHOIO IIPOPMIIA [ BXOIAIIETO
Tpapuka. B pmaHHON Bepcun IIO0 BxXopdmuil Tpaduk
BO3MOJKHO OTPaHUYUTH TOJIBKO IIOCPEICTBOM IIPUMeEHEeHUs
rate-limit.

rate KBPS 3aflaHye OrPaHUYUTEJBbHOM CKOPOCTH, IPH JOCTH KEHHUH
KOTOPO¥ IIPEBHIIAOIINAN TpaQUK OyAeT OTOPOIIIeH.

IZ[aHHI:»IIL/'I IIapaMeTp ABJISIETCA 00s13aTeJTbHBIM.

exit Bo3BpaT B peXuUM KOHOQUIYPUPOBAHUS U Co3maHUsA QoS
IIapaMeTpoB.

Temepb /I TOTO, YTOOGBI KaK-TO IOMeYaTh NPUXOAAIIUHN KIMEeHTCKUU TpaduK, HeoO6XOTHUMO
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co3zaTh tc-map (KapTa KjaccoB Tpa¢uka). Ha ocHOBe JaHHOM KapThl MaKeThl OYAYT ITOMeYaThCs
BHYTPEHHHUMH /IJIs1 YCTPOHCTBA MapKepaMHU - {C -, U y>Ke Ha UX OCHOBe IIPOBOJUTHLCS BhIOPaHHOE
I10J1b30BaTeJIeM JeHiCTBUE - KacCUQUKAIIUA B HEOOXOMMBIN KJIacC C IIOMOIIBI0 class-map winu

IepeMapKUpPOBKa.

Tabauua 79. Co3daHue u Hacmpotika tc-map.

Komanpa
tc-map MAP_NUMBER
ipv4-dscp DSCP_VALUE

tc INTERNAL_TC VALUE

set ipv4-dscp DSCP_VALUE

exit

exit

HasHaueHue
Co3pmaHue KapThl KJ1acCoB TpadUKa.

OmpepesiseM Kakoe 3HadeHue DSCP B IPv4 makere Oyzer
IIoMeyaThCsa MapKepaMH tc.

HasHauaeM HOMep BHYTpPeHHero /g YCTPOMCTBa tc-
MapkKepa.
JIaHHBIH ITapaMeTp SIBJIIETCS 00sI3aTeTbHBIM.

[IpuMeHsieM TIepeMapKUpoBKy DSCP Ha Heob6xomuMmoe
3Ha4yeHMue II0 JU3aHY.

Bo3BpaT B peXUM KOHQUIYPHUPOBaHUA U CO3maHUA QoS
IapaMeTpoB.

Bo3BpaT B peKUM I7106aIbHOM KOHQUTYPaAITHH.

OcraéTrcs moOCAeJHUM IIar - IIpUMeHeHHe Ha KIIMEeHTCKUN uHTepdelic shape profile pis
OrpaHUYeHHUs UCXOJAIIeH CKOPOCTH, rate-limit profile fjia orpaHUYeHUs BXOJAIEN CKOPOCTH U tc-
map 1 lepeMapKUPOBKH BXOJAIIEr0 OT KJIMeHTa MapKUPOBAaHHOTO TpadHKa B HYKHBIM KJIacc.

Ta6auya 80. IlpumeHeHUe qoS-HACMpoeK Ha uHmepdgelic.

KomaHnpma

interface { tengigabitethernet |
bundle-ether } num | num.subif id

shape output profile
PROFILE_NAME

rate-1imit input PROFILE_NAME

tc-map input MAP_NUMBER

exit

commit

Ha3sHnaueHue

Ilepexosl B peKUM KOHQUIYpUPOBaHHUS HHTepdeiica aubo
cabuHTepderica.

[IppuMeHeHUe TIPOQUIA OrpaHUUYEHUs CKOPOCTH Ha
UCXOIAIINMN TPpadUK.

[IpuMeHeHHe TPOGMIA OIpaHUYEHUS CKOPOCTHU Ha
BXO[AIIINHN TpaQUK.

[IpuMeHeHHe IIpaBMJla MaTUMHTa U IlepeMapKUpPOBKU
BXO/ISAIIIeT0 TpadHKa.

Bo3BpaT B pe’KUM I7106aIbHOM KOHQUTYPaITHHU.

[IppMeHeHMe IIPOM3BeJeHHBIX HACTPOEK.

ITpumep. Co3daHue uHmepgelica c nepemMapKupo8Koll KAUeHMCK020 mpa@uxa u3 csé u cs7 8 cs5

qos
tc-map 101
ipv4-dscp 48-63
set ipv4-dscp 40
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tc 5
exit
exit
shape profile 20Mbits
rate 20480
exit
rate-limit profile 20Mbits
rate 20480
exit
exit

interface tengigabitethernet 0/0/2.300
tc-map input 101
shape output profile 20Mbits
rate-limit input profile 20Mbits
exit

AHaJIOTUUHBIM 00pasoM MOJKHO OTCTPOUTH K CEPBHUCH], IIpefloCTaBJsieMble KJIHEHTaM
nocpencTBoM L2-VPN TeXHOJIOTHH, o6ecliedrB TpeOyeMBIM YpOBeHb KaudecTBa 0O0CIyKHUBaHUA
cetd. OTiMune OyneT JIMIIL B TOM, YTO Tellepb HAC HMHTepecyrT L2-3aroJIOBKH KIMEeHTCKHX
¢periMoB U X 3HayeHUsd PCP-11oJ1 (priority code point).

MPLS-3arojioBoK, TakKe UMeHIUN B cebe 3 O6uTa [ IpUOPETU3AIINY,
HacjlelyeT 3Ha4YeHUs IIPUOPUTETOB B 3aBMCUMOCTHU OT WHKAIICYJIUPYeMOM
Harpysku. T.e. mima L3-VPN cepBucoB 3HaueHue 1ot DSCP  Gygper
TpaHcupoBaHo B MPLS-TC u IiepefjaHo B ceTbh, [y L2-VPN 3a ocHOBY OyzeT
B3sTO Iosie PCP. Heo6X0MMO Y4UUTHIBAaTh JAHHBIM MOMEHT B IleJIeBOM
IU3aliHe IIpeoCTaBIeHUs YCIIYT.

IMPORTANT

ITepemapkupoBka MPLS-Tpaduka

Eciii usaliH ceTy TpebyeT IIOJIHYI0 He3aBUCUMOCTh MPLS-cerMeHTa OT IIPUOPUTETOB BXOJSIIIETO
B cerMeHT Tpaduka, Torga Ha PE-MapiipyTrusaTopax TpebyeTcs IIpUMeHSTh rewrite-rpaBuia.

Tabauya 81. Co3daHue u Hacmpotika rewrite-map 0432 MPLS-unmepdgeticos.

Komanpga HasHaueHue

configure [Tepexof B pe>XUM IVI00aJIbHOM KOHQUI'YPAIIHHU.

qos [lepexon B peXUM KOHOUTYPUPOBAHUA U co3maHud QoS
IapaMeTpoB.

rewrite-map MAP_NUMBER Co3pmaHue KapThl IlepeMapKHUPOBKU TpapuKa.

vlan-pcp-outer PCP_VALUE OmnpenensseM kakoe 3HaueHue PCP B 1mosie 802.1p Oyzmer
3aMeHATH IIpuopureT B MPLS-11akeTe.

mpls-tc TC_VALUE HasHauaeM IpuopureT [y ucxogdamniero MPLS-makera.

exit Bo3BpaT B pe’KUM KOHQUTYPHUPOBaHUA rewrite-map.
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Komanpga HasHaueHue

ipv4-dscp DSCP_VALUE OmnpenesnsseM Kakoe sHaueHUe DSCP B IPv4 3arosioBke Oyzet
3aMeHATH IIpuopureT B MPLS-11aKkeTe.

mpls-tc TC_VALUE HasHauaeM IpuopureT [y ucxogdamniero MPLS-makera.

exit Bo3BpaT B pe’KUM KOHQUTYPUPOBaHUA rewrite-map.

exit Bo3BpaT B peXMM KOHQUIYPHUPOBaHUA U CO3maHUA QoS
IIapaMeTpoB.

exit Bo3Bpart B pekKuM I71I06aIbHOU KOHQUTYPaITUH.

[locyieTHUH IT1aT - TPUMEHUTH rewrite-map Ha Bce MPLS-uHTepdechl JaHHOTO MapIIpyTU3aTOopa.

B ciayuae mosBiieHUs HOBBIX MPLS-JIMHKOB, TpeOyeTcd HasHadyaThb U Ha HUX
IIpaBuUJIa IlepeMapKUPOBKY, T.K. rewrite-map siBjsieTcs per-interface o6 bexToM.

NOTE

Tabauua 82. [IpumeneHrue QoS-npasus Ha MPLS-unmepdgericol.
KomaHna HasunaueHue

interface { tengigabitethernet |  [lepexos B peskuM KoOHOUTYpHpOBaHHA MHTepdeiica IGO0
bundle-ether } num | num.subif id cabuHTepdeiica.

qos rewrite output MAP_ NUMBER IIprMeHeHHe KapThbl IIepeMapKHUPOBKHA Ha HCXOIAIUNA

TpadHUK.
exit Bo3Bpart B peKuM I7106aIbHOU KOHQUTYpaIlUH.
commit [IprMeHeHMe IIPOU3BEIEHHBIX HAaCTPOEK.

ITpumep. Ilepemapkuposka mpaguka, ucxodsuezo us PE-mapwupymusamopa 8 MPLS-cecmeHm.

qos
rewrite-map 404
ipv4-dscp 0-63
mpls-tc 1
exit
vlan-pcp-outer 0-7
mpls-tc 2
exit
exit
exit

interface tengigabitethernet 0/0/1.400
gos rewrite output 404
exit

TaxuMm o6pa3oM, Bech ucxogaul L3-VPN Tpaduk Oyzer coxpaHiaThb IPv4 DSCP mpuopHUTeET, HO
mpls-tc 6yzmeT paBeH 1, Bech ucxogamui L2-VPN Tpaduk OyzmeT coxpaHATh 3HaueHue PCP B 802.1p
11oJie, a mpls-tc 6yzeT Bcerga paBeH 2.
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OrpaHuYeHHE I10I0CHI II0 IPHOPUTEeTaM TpadpHKa

HeMmHoOro yciaokHuUM 3agady. IlpexcraBuM, UYTo Heobxogumo L3-TpaduKy  BBILENSITH
OIIpe/le/IeHHYI0 IIPOIIYCKHYIO IIOJIOCY, COIVIAaCHO IIpUOpHUTeTaM, HalpuMep, csl orpaHUYUBATH
20Mbit/s, cs5 orpanuumBaTh 10Mbit/s, cs7 orpaHuuuBaTh 5Mbit/s, a Becb ocTaBIIMMCI TpaduK
orpaHuuuBaTh 60Mbit/s. TakuMm o06pasoM, TOT TpaQUK, IIPUOPUTET KOTOPOTO MBI OyneM
YUYUTBIBATh, HEOOXOAUMO 3aJleTeKTUpPOBaTh C IIOMOIIbI tc-map, 3aTeM IIPOKU3BECTU
KJIaCCUPUKALIMI0 IIPUHATOTO TpaduKa C IIOMOINBI0 class-map , a y»Ke IIOCJie OIpaHUYUBATH
TpeGyeMOH I10JI0COM C IIOMOIIBI0 policy-map.

Tabauuya 83. CozdaHue u Hacmpotika policy-map.

KomaHnpga HasnaueHnue

configure [Tepexof B pesKuM I7106a/IbHOM KOHQUTYPAIIHH.

qos ITepexof B peXKUM KOHOUIYPUPOBAHUA M co3faHUA QoS
rmapaMeTpoB.

tc-map MAP_NUMBER Co3maHue KapThl KJIacCOB TpadUKa.

ipv4d-dscp DSCP_VALUE Omnpenensgsem kKakoe 3HaueHue DSCP B IPv4 makere Oyzper
IIoMedaThbCsa MapKepamu tc.

tc TC_VALUE HasHauaeM HOMep BHYTpPeHHEIro MJjsd VYCTpoucTBa tc-
Mapkepa.

[[aHHBIﬁ IIapaMeTp ABJIA€TCA 00s13aTeJTbHBIM.

exit Bo3BpaT B peXUM KOHQUIYPHUPOBaHUA U CO3maHUA QoS
ImapaMeTpoB.

class-map CLASS_MAP_NAME Co3maHue KapThl KJIacCUQUKAIIUU TpapUKa.

match tc INTERNAL_TC VALUE HasHaueHNe BHYTPEHHETO /I YCTPOMCTBA tc-MapKepa.

match-mode { all | any } (ommroHasbHO) PeskrM paboThl KaacCUQUKAIUU - JIUO0

JOJDKHBI OBITH COOJIIO/[eHBI BCE YCIOBUS, JIUO0 XOTS GBI O/THO
U3 YCJIOBUH (PesXUM 110 YMOJTYaHUIO).

exit Bo3BpaT B peXuUM KOHOQUIYPUPOBAHUS U Cco3maHUsA QoS
IIapaMeTpOB.

policy-map POLICY MAP_NAME CosmaHue IIOJIUTUKU [JId OIPaHUUYEHUSA UCXOLAIIEro
Tpaduka.

class CLASS_MAP_NAME HacTpolika uCIosib30BaHUs KJIacCOB TpadUKa B IIOJIUTUKE.

shape rate KBPS 3aflaHye OrpaHHUYHUTEJIbHOM CKOPOCTH /I KJjacca, IIPHU
JOCTIDKEHUM KOTOPOM IIpPeBBIIAKOIIUN Tpaduk OyneT
0TOpOIIIEH.

exit Bo3BpaT B pesKUM KOHPUTYPUPOBaAHU policy-map.

exit Bo3BpaT B peXUM KOHQUIYPHUPOBaHUA U CO3maHUA QoS
IIapaMeTpoB.

exit Bo3BpaT B pekKUM IJ106aJIbHOM KOHQUTYPAITUH.
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[TocimeqHUU 111aT - TPUMEHUTH policy-map Ha UHTepderchl MapIlpyTU3aTopa.

Tabauua 84. [IpumereHue policy-map Ha uHmMep@ericol.

KomaHma

interface { tengigabitethernet |
bundle-ether } num | num.subif_id

tc-map input MAP_NUMBER

service-policy output
POLICY_MAP_NAME

exit

commit

Ha3unaueHue

[lepexo/l B pekKUM KOHQUTYpUPOBaHUSI UHTepdeiica aub0
cabuHTepderica.

HpI/IMeHeHI/Ie IIpaBWJIa MaTUYKWHTa BXOJAIIIET0 Tpa(l)I/IKa.

[IppyMeHeHHe CEepBHCHOM IIOJIMTHKH Ha HCXONALIAN
TpaduK.

Bo3BpaT B peKUM I7106aIbHOM KOHQUTYPaAITHH.

HpI/IMeHeHI/Ie IIPOM3BEAEHHBIX HACTPOEK.

IIpumep. OepaHuUeHue ucxodsauje2o mpag@uka co2AACHO NPUOPUMEMAM.

qos
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tc-map 202
ipv4-dscp 8
tc 1
exit
ipv4-dscp 40
tc 5
exit
ipv4-dscp 56
tc 7
exit
exit
class-map cs1
match tc 1
exit
class-map csh
match tc 5
exit
class-map cs/
match tc 7
exit
policy-map shape_cs_output
class class-default
shape rate 61440
exit
class cs1
shape rate 20480
exit
class csh
shape rate 10240
exit
class cs/
shape rate 5120
exit



exit
exit

interface tengigabitethernet 0/0/2.300
tc-map input 202

exit

interface tengigabitethernet 0/0/1.400
service-policy output shape_cs_output

exit
TK. B JaHHOM IIpHMepe tc-map HacTpoeHa Ha KOHKpeTHbIe 3HadeHHs DSCP, To

NOTE af11, af31, ef 1 Bce ocTrasbHBIe Kiacchl Tpaduka O6yAyT IomajaTh II0f, IIPaBHUJIO
class-default 1 mesuTh mosiocy B 60Mbit/s. IIo ymosmuanuio class-default umeer
BHYTPeHHUHN MapKep tc = 0.

NOTE Tpaduxk, IpUHATHIN Ha UHTeppeC ¢ HeHaCTPOeHHOM (He IIpUMeHEHHOM) tc-map,

OyZeT KiIaccCuPUITMPOBaThCI Kak class-default.
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