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MPLS: Avadpoun (1) ?:
» AuUo TTpwTéKoAAa yia label distribution pe MPLS

LDP fy/kai RSVP-TE + MpoBARpaTa:

- LDP yia ammAdtnTa — pe emTekTaOoEIC Yia fast re-route (loop- TE AUGEIC 56V KMNAKOVOUV 6Tav

free alternates [LFAs
[ ) atrauteital FULL MESH LSP (x PE)

- RSVP-TE yia TE kair FRR granularity/dynamicity

* [a emmekraoipétnra tou MPLS dnuioupyrOnkav: -- unidirectional
- LDPORSVP R-LFA apketd TTepiTrAOKO (dynamic
- Seamless MPLS: Labeled-BGP pe LDP T-LDP signaling)

Traffic engineering: RSVP-TE pe duvartotnTeg++:

- BGP/IGP shortcuts, PW (T-LDP/BGP), VPLS (LDP/BGP),
VPRN (BGP), MVPN (BGP/mLDP/P2MP RSVP)
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MPLS: Avadpoun (2)
P RSWTE

Overview Multipoint to point Point to point
Dependencies Relies on IGP Relies on IGP TE

Traffic Engineering

Fast Reroute LFA, LFA Link/Node protection
Policies, RLFA - (detour/facility) —
<100% 100% coverage
coverage

IPv6 Extensions required Extensions required
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¢
[Tolo €ival To TTPOBANpa ? 3;
€npzed
] o * [lAeovekmruara:
» Au¢non duvauIKAC Kivnong e _ )
araitnon yia traffic engineering (TE) B iig;}egg&gd\(g?m‘:ghQI'OLUEpF;i;XE'SP
1.X. DC East-West UEXEI TO TIPOOPITHO
* RSVP-TE n povadikn eupewg - Presence of strong FRR and TE capabilities

dladedopévn Auon yia TE
* Aev umrapxel LDP-TE

* MelovekTipara:
- Soft-state ; Xpeidderal unxaviouo refresh

« LDP Fast ReRoute (FRR) ptopei va . refresh reduction (RFC2961) ; Me
XPNOoIJoToINBsi o OpICPEVEG TOTTONOVIEG unvouaTa aggregate aAAd 6xi # soft-
ala  efaptdtal amd TNV €KAOTOTE states
UPIOTAPEVN TOTTOAOYIQ. - katavaAwvel CPU cycles kai pyvrun étav

UTTAPXEI HEYAAOG apIBuog tunnels



>10X0G Tou Segment Routing $
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* [1p6BAnua Tpog Auon: TE o€ KAiyaka Kal o€ dlakpIToTNTA
» [lpoteivopevn Auon: segment routing

H duvartdtnrta evog kOuBou va kabopilel pia diadpoun (unicast
forwarding path) dia@opeTikr) atrd TRV TUTTIKR (hormal shortest path)

dladpourn (source routing)
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IETF SPRING working group B
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« SPRING (Source Packet Routing in Networking) Working Group PeAETA: enyes
- IGP-based MPLS tunnels XQPIZ tnv pooBrkn onuatodogciag signaling protocol

« H duvarérnta yia tunnel services (VPN, VPLS, VPWS) amé 10 ingress PE oT10 egress
PE pe/xwpig explicit path, kar xwpic MPOZOETO forwarding plane/control plane o€

eVOIANEOOUG KOUPBOUG.

— Fast Reroute

* OTTOIOONTTOTE TOTTOAOYIA, UTTOAOYIOHOC TTPIV TNV £yKaBidpuon TnG backup di1adpoung

Xwpic TTpoobetn onuarodoaia.

* YTmrooTnpign shared-risk constraints, uttooTrpign TTpooTtaciag link/node, uttooTAPICN

atropuync Bpoyxou (micro-loop avoidance)

- Kavéva véo dataplane !! Yrootpign MPLS ... ye eAaxiotn Tpotrotroinon véo IPv6 hdr
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Eicaywyry Segment Routing

« Segment Routing TTpooc@épel Eva unxaviopo Pe tunnels yia source routing.

» Paths (diadpouéc) kwdikoTrolouvTal cav akoAouBia (sequence) atrd TOTTOAOYIKA
UTTO-JOVOTTIATIO T OTTOI OVOPAdovTal segments, Ta OTToid AVAKOIVWVOVTAI OTTO TA

TTPWTOKOAAQ dpouoAdynong (link-state) 1S-1S ry/kar OSPF).

Segment Segment Segment Segment
@ Segment @ Segment @ Segment @
Segrnent Segrnent

@ Segment @

Segment Segment



KwdikoTtroinon Segment Routing tunnels
+ Eva Segment Routing (SR) tunnel, trepiéxel €ite Eéva povadikd segment 1 pia Aiota
atrd segment KwOIKOTTOINUEVO WG:

- 'Eva povadiké MPLS label A pia diatetaypévn Aiota amrd hops avatrapiotwpevn armd stack MPLS labels

(KAMIA aAAayr og oxéon ye MPLS data-plane ') kai dpa oto HW

- Mia povadikr) dieubuvon IPv6, pia diatetayuévn Aiota atmd hops, avatrapioTwuevn atmo d/voeig IPv6
ENTOZ evdéc NEOY IPv6 Extension header (Segment Routing Header-SRH)!!

* H Aiota segment list ytropei va avatrapioTd pia véa TOTToAoYIKA d1adpoun N YIa uTTnPECia

(service).
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Segment routing pe MPLS data plane (1) ks

£
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« H apyxikotroinon tou Segment Routing pe xprion 1ng apxitektovikic MPLS (RFC 3031)

« [la kaBe segment, 10 IGP avakoivwvel éva identifier, To Segment ID (SID) éva 32-bit

apIBuo6 ue o MPLS label va kwdikoTtroigital ue Ta 20 1o d€€1d bits Tou segment

] 1 2 3

212345678001 234568T7TEB09012345667EB09801
+—-+—+-+-+—+—-+-+—-+—-+—-+—-+—-+—+—+—+—+—+—-+—+—+—-+—-+—+—+—-+—+—+—+—-+—-+—+—+ Lahel
| Label | Exp |5] TTL | Stack

mEEE

F—d—t ottt -ttt —F—+—+—F—+—+—+—+—+—+—+ Entry

Label: Label Value, 28 bits
Exp: Experimental Use, 3 bits

5: Bottom of Stack, 1 bit
TTL: Time to Live, B bits

11



Segment routing pe MPLS data plane (2)

« Orav yiveral xprion Tou MPLS data-plane yia to segment routing, TOTE :

12

H AioTa Twv segments avatrapiotaTtal ocav pia otoifa (stack) labels

To active segment egival oTnv Kopu®r TNS oToifag (top/head label)

H Aeitoupyia PUSH uAotroigital cav PUSH (MPLS) (véo TOP pe rpoc0ikn)
H Asitoupyia NEXT uAotroigeital cav POP (MPLS) (véo TOP pe agaipeon)

H Aeitoupyia CONTINUE uAotroigital cav SWAP (dev TpoTtToTrolei To BAB0G TnG AioTag)

\CCs
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Segment routing pe MPLS data plane (3)

Segment Routing Global Block (SRGB)

- SRGB éva ouvoho atrd To1TiKG (local labels) deougupéva

yia global segments
- Tommkn 1010TNTa £vO¢ SRNnode

- Me idia SRGB ot G\oug Toug kOuPBous oe éva SR domain

atrAouaTeUETal N apXIKoTToinon TNG avaBeong SiD
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Eidn segments (€

IGP SEGMENTS BGP SEGMENTS
Prefix Segments Adjacency Segments Prefix Segments  Egress Peer Engineering (EPE)
| Segments
Node Anycast | I |
Segments Segments PeerNode PeerAd] PeerSet

Segments Segments Segments

132 v4
/128 (v6)
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Segment

Eidn segments — BGP Prefix Segment | ﬁn
BGP Peer Segi®nt

* I.x. Prefix Segment

LADARS

* TomK& povadikd —

: oto DC « EPE ; Egress Peering
Prefix Seament KaBe SR router oTo - B9
- T domain ptropei va -bccw Engineering

* Movadiko ato XPNOIUOTIOINTEI representation * Emnpeacpog Tng

v SRGB TOV id10 XWPo * £NUATOS0TOUVTAI OTTO Kivnong 1mpog 1o ()
 Tutnika multi-hop - Typically single-hop BGP (o1o DC) YEITOVIKO AS
- ECMP-aware » nuartodorolvral ’ Eg“(ma(/)?zolgllzac%zﬁcael’lis-

shortest- path amd To IGP H

IGP.routeros eEva . . AS2

il — il il
* Indexed n — — WAN

absolute SID

* 2NMUATODOTOUVTI(

15
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Segment identifiers — prefix segments ?

» Prefix Segment (Prefix-SID)
- Movadiké eviog IGP/SR — até 1o SR Global Block (SRGB)*
- AvrtioTolxei o€ €va prefix pe xprion evog ECMP shortest-path IGP route 1Tpog 10 prefix
- Tumkd éva multi-hop path

- [Mepiéxer éva “P” flag yia va emTpETTEl OTOUG YEiTOVES va KAvouv Asitoupyia “NEXT” (pop) evw

eTecepyadovral To segment (avriotoixa pe 1o Penultimate Hop Popping oto MPLS).

- Auo mapaAdayeg; Indexed ) Absolute-SID (o€ etToueva slides)

* 2 epIBAaANov MPLS, SRGB: ouvolo twv local labels deoupeupéva yia global segments.

16
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Segment identifiers — node segments ?
9t
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* Node Segment ID (Node-SID)

- 'Eva €101k0 prefix segment trou TTepiypagel éva router (loopback/system

address).
— TautoTtroigital atro 10 “N” flag ota avakoivwuéva segment (Prefix-SID

Sub-TLV).

- Avatrapiota 1i¢ diadpouéc ECMP e xprjon Twv shortest-path IGP

route TTPOG TO CUYKEKPIUEVO KOW[30.

17
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Segment identifiers — anycast segments

-
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« Anycast Segment ID (Anycast-SID)
— 'Eva prefix segment yia éva ouvoAo routers (11.X. SPINES o¢ éva DC)

- Avatrapiota pia diadpopur) (ECMP-aware shortest-path IGP) oto TTAncI€E0TEPO KOUPBO

Tou “anycast set”.

— AuvnTIKG Xprio1ho yia XovTpikou TuTrou traffic engineering. (11.X. @TA0€E O€ €va

SPINE router)

18
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[Mapadeiyua: SR tunnel pe prefix-SID (node-SID) [

Enpzed

* PE2 avakoivwvel Node Segment oto IGP (Prefix-SID Sub-TLV Extension o1o 1S-IS/OSPF)

» OAol o1 dpoporoyntéc o€ éva SR domain eykaBioTouv node segment mrpog 10 PE2 pe

MPLS data-plane (LFIB iLM).

- Kaveva RSVP I’]/KGI LDP PHP péow tou p-bit ato Prefix-SID
TTOoU GVGKOIVU)VETGI atré Tov PE2

- 2e mmepIBAAAov MPLS, To Segment gival éva LSP.

SWAP SWAP
FEC PE2
800 to 800 800 to 800
PUSH 800 POP 800
Node-SID 100> Node-SID 200 Node SID 300 Node-SID 400
LFIB._ 4 E
FEC>NHLFE __ - LEB , ” - e Node—SI[’) 800
Label Label Label | [ ' QAVOKOIVWVETAI
LFIB B0 oS LeaH = amé 10 IGP

To-P1
In Out Interface
Label Label

19
800 800 To-P3
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[Mapadeiypa : SR tunnel pe prefix-SID (node-SID) &

Y EPAN

» [a kivnon atmé PE1 - PE2, PE1 PUSH oT1o node segment {800} kai xprjon shortest
IGP path yia va ¢tdoel oto PE2.

» To Active segment gival aTnv Kopu@r TnG oTtoifag o€ repiBaAAov MPLS:

- P1 ka1 P2 uAotroiouv CONTINUE ("swap") ce MPLS data-plane

, ; . . PHP péow tou p-bit oto Prefix-SID
— P3 uAotroiouv NEXT (pop) (ue Baon 1o P-bit oto Prefix-SID ). TTOU AVAKOIVGVETAI AT Tov PE2

FEC PE? SWAP SWAP 1/
800 to 800 800 to 800

PUSH 800 POP 800

FEC->NHLFE .- ~

-
Out Interface Node-SID

To-P1

. Kapla 1'rAr|po<pop|a (state)/path oTo OiKTUO L€ £Caipeon TNV AioTa Twv segment

, Yla Tnv apxn Tou tunnel Tou ouvTnpeital otov PEL.
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Prefix segment identifiers — absolute SIDs
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* H xprion absolute SID atraitei pia yovadikry SRGB o€ 6Aoug Toug SR routers oe Ao 7712+

10 IGP domain.

* [Napdadeiyua:

MP-BGP
Label 910

Node-SID
- PE2 avakoivwvel service Label 200
MP-BGP (RFC4364) label 910 yia Node-SID @
10 IP-VPN prefix Z. 100
- Kivnon -> VPN prefix Z, kai A @ @
uttoBétovtag (non-ECMP) path atrd
PE1 -> PE2 civai PE1-P3-P4- PE2,
To PE1 2IPQXNEI label 910 oTo . NOZ?)OSID

KATWw MEPOG TNG OTOoIRag, Kal label
600 (Node-SID yia PE2) otnv

600
910
Packet

Node-SID

Node-SID
300

@ Node-SID

600

é\ @ @ .
Packel
500 .

KOPU®N TNG oToiRag. » Label (SID) dev aAAalel atté hop o€ hop
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Prefix SID indexing f

-
=

« N\oyog ? £ned
- 'Eva SR domain ptropei va repléxel TTOAAATTAOUC KATOOKEUQOTEG UE TNV TTIOAvVATNTA KAOE
KATAOOKEUAOTAG va €xel To OIKO Tou eUpog atrd MPLS label
- To Prefix SID trpétrel va povadiké oto SR domain (Avri yia global uniqgue SRGB povadiké index)
¢ [wg?

- O pnxavioudég Indexing xpeialetal yia avalntnon Twv prefix SIDs. OAol ol dpopoloyntéc o€ éva SR
domain trpéTTel va puBuioTouv Kal va avakolvwvouv 1o IAIO prefix SID index range yia kG0e

O10PopPEeTIKO IGP.

- H 1R Tou label TTou Xpnoipotroicital atrd K&Be router yia éva prefix ‘Z’ (o1o LFIB = label oto

ILM) utropei va gival TOTTIKY oTo router ye xprion €vog offset label, To Aeydpevo kai start label :

Tomika Label (yia Prefix SID) = (tomikd) start-label + {Prefix SID index}

22



[Mapadeiyua: Prefix Segments aAAd e SID indexing [ &
* lapadeiyua, €otw SID Index Range eivai {1,100}. €nyge™

+ Kd&Be SR router ato domain opiel To apxiko label otnv SRGB (start-label), éva offset label
called an SID index.

- SR routers aBpoidouv {start-label + SID
index} yia va @Tiagouv €va local label

\ Start-Label Start-Label POP 1012
yia 10 Prefix SID. 1050 1040 POP 910 Node-SID
@ @ index 2
. . MEZQ b
- ‘Eotw PE2 avakolvwvel To Start-Label Start-Label IGP 1! Y
; 1060 MP-BGP 1010
!oopback 192.0.2.2/32 g prefix Label 910
index 10 2: A
Start- Label
- PEZ2’'s SID givai {1010+2}= 1012 Start-Label 1020

1030
P4’s SID gival {1020+2}= 1022 yoa e gefgx z @

; : _ FEC PE2 1052
P3’s SID eivail {1030+2}=1032 KOK. PUSH 1032 . "
PE2 avakoivwvel MP-BGP label 910 Packet 910

yia 1o VPN prefix Z.

@ 1012

910

23



Segment identifiers — adjacency segments ?
« ‘OMor o1 SR routers avakoivwvouv Adjacency segment(s) oto IGP (Adjacency-SID
Sub- TLV Extension oTo IS-IS/OSPF).

« Ta Adjacency segments €ival TOTTIKA, aAA& povo o avakolvwy SR router eykaBiota

T0 adjacency segment oto MPLS data-plane
- Kara avriorolyia ue data-path, givar avrioroiyo rou label-swap oro implicit-null.

« KartdAAnAo yia atré akpn-oe-akpn (end-to-end) source-routing étrou Ta Adjacency
segments kaBopilouv eTTakpIBw TNV diadpoun hop-by-hop diapéoou Tou dikTUOU.

» [lpoooxn, To BAaBo¢ Tou label stack £xel ETTITITWOEIC OTO XEIPIOUO TOU ATTO TO UAIKO TOU

dpouoloynTth.

24



Segment identifiers — adjacency segments Ny

25
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Adjacency Segment ID (Adj-SID)

‘Eva segment tTou kaBopilel va link (adjacency) ) éva auvoAo Toug TTou €ival oTo IGP.

To Segment Identifier (SID) avakoivwveTal (atrdé KGBe SR router oto SR domain).
Eav:

* AB ¢ival To Node-SID tou node N, Kai...

* ABC cival T0 Adj-SID oTo node N yia éva adjacency Tmdvw ato 1o link L, TOTE....

+ 'Eva mmakéto pe segment list {AB, ABC} Ba TrpowBnBei ye shortest-path -> node N, pe petaywyn ammdé N mpog
link L, XQPIZ shortest-path routing.

Eav Adj-SID tautoTrolei €va ouvoAo atrd adjacencies, node N utropei va poipdoel (load-balance)

oTa PMEAN TOU ouvOAou.
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[Mapadelyua: SR tunnel ye adjacency segments

POP 1001
00 POP 1007
0[0 0[0
00 Packet Packet
- Node-SIR2Q,........»""NOte-SID 300 Node-SID 400
00 Adj-SID1001 4
100%

2050 @
Packet 1007 a Adj-SID

07
@ e

’ EEEENy *e\‘
Node-SID
100

-‘--llll
.
“

1001 & Node-SID 800
@ @ Adj-SID 1001
Adj-SID 1003
Node-SID 500 Node-SID 600 Node-SID 700
POP 1003 POP 1001
Packet




[Mapadeiyua: SR tunnel ye node kal adjacency segments .

[/712?_\'\’

* O ouvduaoudg node kal adjacency segments gival EQIKTOC.

* Auto 0 ouvdUQONOG TTPOCPEPEI TNV duvaTtotnTa yia ECMP paths mrpog Tov €1TOUEVO node

segment, aAAG pe xpAon evog () ouvoAou links) atmd autd 1o kOuBo.

27



[Mapadeiyua: SR tunnel ye node kal adjacency segments [ &
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PE1 B¢éAel va dlaoyioel To
link P2-P5 kaBoddv 1pog 10
PE2, etTe1dn €ival utro

XPNOIKJOTTOIOUMEVO.

PE1 rpooBETel TO segment
list {300, 1003, 800}
avatraploTwvTtag 1o Node-
SID yia 1o P2, To Adj-SID
yia 1o link P2-P5, kai TEAOG
170 Node-SID yia 1o PE2.

\CCs

Y EPAN

SWAP {300, 300}
00

00 POP {300, 1003}

Packet Packet

Node-SID 200

= Node-SID 300 Node-SID 400
0]0)
2 @ s
- 300 ': Adj-SID 1003
@ lsoo E
- $e\
Node-SID Q'&/’ Ngde
100 @ @ @ ~3ID 800
Node-SID 500 Node-SID 600 Node S5 700
SWAP 800 POP 800

Packet




>Uykpion LDP <-> RSVP-TE<-> SR
LDP RSVP-TE SR
Overview Multipoint to point Point to point Multipoint to point

Relies on IGP Relies on IGP TE Relies on IGP + offline TE

Fast Reroute LFA, LFA Link/Node protection | LFA, LFA Policies,
Policies, RLFA - (detour/facility) — RLFA/DLFA
<100% 100% coverage - can get to 100% coverage

coveraie (better than LDP with RLFA)

IPv6 Extensions required | Extensions required Native

29




SRVG6

IPv6 Forwarding
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SRv6 Mnxaviouoi €.

emze>

Encapsulating mode

* SRingress router kavel ENCAPSULATION payload packet og €va IPv6 header

* Source node evowpatwvel €va routing extension header petaéu IPv6 header kal

payload (.. specs )

Simplified mode

SR ingress mpooBEtel €va routing extension header petaéy tou payload IPv6 header

ko payload data

(MTPWTEC UAOTIOLOELG- TIPAYLOTLOTLKI) TIPOCEYYLON)
Kot otic U0 MeEPLUTTWOELC:

To routing extension header petadépet tnv otoifa twv SIDs



SRv6 Mnxaviouoi

Transit behaviours

IPvV6

T.Insert

T.Encaps

T.Encaps.L2

IN-MAC

IPv6

Transport

header header header Payload

OEET:(;E:C hzzgr Al T?::g;“ Payload

“heacer | neader | S | neacer | header | P
“hoacer | neader | 5™ | Meacer | neader | neager | PV

\CCs
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Oplopoc/Tunonoinon AelToupylwy:

\CCs

myze

End Endpoint [PSP/USP flavors]
End.X Endpoint with Layer-3 cross-connect [PSP/USP flavors]
End.B6 Endpoint bound to an SRv6 policy
End.B6.Encaps  Endpoint bound to an SRv6 Encapsulation policy
End.DX6 Endpoint with decapsulation and IPv6 cross-connect (per-CE VPN label)
End.DX4 Endpoint with decapsulation and IPv4 cross-connect (per-CE VPN label)
End.DT6 Endpoint with decapsulation and specific IPv6 table (per-VRF VPN label)
lookup
End.DT4 Endpoint with decapsulation and specific IPv4 table (per-VRF VPN label)
lookup
End.DX2 Endpoint with decapsulation and Layer-2 cross-
connect




IPv6 SR Header

- KaBe segment civai IPv6 d/von

- Ta Segments KwdIKoTToIOUVTAl
ANAZTPO®A

- TEAEYTAIO segment index gival O

- NpwTto segment index eival First
Segment

- Active segment index civalr Segments
Left

- Active Segment ANTIFPAGETAI
2TO Destination Address mredio
Tou IP header

0 1 2 3
01234567890123456789012345678901
e S L e st st e e S

|Version| Traffic Class | Flow Label

Fot—t—t -ttt —F—F—F—F—F—F -ttt —F—F—F—F—F—+—+
| Payload Length | 43 | Hop Limit |
Fot—t—t—t—F—F—F—F—F—F—t—t—F—F—F—F— -+ —+

|
Source Address

|

|

B e e B el e e et St

Destination Address

|

|
Active Segment |
e e T i L—t—t—t—t—t—t—t—t—+
e T e e T S B St St SRRSO
| Hdr Ext Len | 4

Next Header

Last Segment / Final Destination
@Segment List [0]

R A s S S T

Active Segment
@Segment List [Segments Left] .
\
R et B e e e T e e R e e e Rt

First Segment
@Segment List [First Segment]

B S e At e St S e

// //
// Optional Type Length Value objects (variable) //
// //

R e A e B s e e



Segment Routing Header (SRH) : (1 of 6)

Source
2001:db8:0:1::1

| <=
% SRvV6 Ingress
2001:db8:0:1::2

SR \ SRv6 Router
/ 2001:db8:0:1::3
é SRv6 Egress

2001:db8:0:1::4
Destination

2001:db8:0:1::5

Domain

Ver

DSCP Flow Label

Payload Length | Next HDRHop Limit
40 TCP 255

Source Address
2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Header and Payload

IPv6
HEADER

TCP
Header/Payload




Segment Routing Header (SRH) : (2 of 6)

Source
2001:db8:0:1::1

% SRV6 Ingress

I 2001:db8:0:1::2

SR . | \ SRv6 Router
Domain // 2001:db8:0:1::3

¢
P
®

Destination
2001:db8:0:1::5

SRv6 Egress
2001:db8:0:1::4

Ver| DSCP) Flow Label
Payload Length | Next HDR Hop Limit
136 SRH 255
Source Address

2001:db8:0:1::2

Destination Address
2001:db8:0:1::3

Next HDR Length |HDR Type Seg Left
TCP 56 4 1
Last 2E ntry Flags Tag
Segment 0
2001:db8:0:1::4
Segment 1
2001:db8:0:1::3
Segment 2
2001:db8:0:1::2
Ve | DScP Flow Label
I Payload Next HDR  Hop
Length 40 TCP Limit

Pdole]
Source Address

2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Headed and Payload

IPv6
HEADER

Segment
Routing
Extension
Header

Payload
(TCP/IPv6)




Segment Routing Header (SRH) : (3 of 6)

Source
2001:db8:0:1::1

¢

% SRvV6 Ingress
2001:db8:0:1::2

-\
SR \ SRv6 Router
/ 2001:db8:0:1::3

Domain

I SRv6 Egress
% 2001:db8:0:1::4

Destination
2001:db8:0:1::5

Ver | DSCP Flow Label

Payload Length | Next HDR Hop Limit
136 SRH 254

Source Address
2001:db8:0:1::2

Destination Address
2001:db8:0:1::3

Next HDR Length |HDR Type Seg Left
TCP 56 4 1
Last 2E ntry Flags Tag
Segment 0
2001:db8:0:1::4
Segment 1
2001:db8:0:1::3
Segment 2
2001:db8:0:1::2
Ve | DScP Flow Label
I Payload Next HDR  Hop
Length 40 TCP Limit

Pdole]
Source Address

2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Headed and Payload

IPv6
HEADER

Segment
Routing
Extension
Header

Payload
(TCP/IPv6)




Segment Routing Header (SRH) : (4 of 6)

Source
2001:db8:0:1::1

% SRV6 Ingress
I 2001:db8:0:1::2
SR . | \ SRv6 Router
Domain // 2001:db8:0:1::3

é SRv6 Egress

2001:db8:0:1::4
Destination

2001:db8:0:1::5

Ver| DSCP) Flow Label
Payload Length | Next HDR Hop Limit
136 SRH 253
Source Address

2001:db8:0:1::2

Destination Address
2001:db8:0:1::4

Next HDR Length |HDR Type Seg Left
TCP 56 4 0
Last 2E ntry Flags Tag
Segment 0
2001:db8:0:1::4
Segment 1
2001:db8:0:1::3
Segment 2
2001:db8:0:1::2
Ve | DScP Flow Label
I Payload Next HDR  Hop
Length 40 TCP Limit

Pdole]
Source Address

2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Headed and Payload

IPv6
HEADER

Segment
Routing
Extension
Header

Payload
(TCP/IPv6)




Segment Routing Header (SRH) : (5 of 6)

Source
2001:db8:0:1::1

% SRvV6 Ingress
I 2001:db8:0:1::2
SR | \ SRv6 Router
/ 2001:db8:0:1::3

| <=
SRv6 Egress
% 2001:db8:0:1::4
Destination
2001:db8:0:1::5

Domain

Ver | DSCP Flow Label

Payload Length | Next HDR Hop Limit
136 SRH 252

Source Address
2001:db8:0:1::2

Destination Address
2001:db8:0:1::4

Next HDR Length |HDR Type Seg Left
TCP 56 4 0
Last 2E ntry Flags Tag
Segment 0
2001:db8:0:1::4
Segment 1
2001:db8:0:1::3
Segment 2
2001:db8:0:1::2
Ve | DScP Flow Label
I Payload Next HDR  Hop
Length 40 TCP Limit

Pdole]
Source Address

2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Headed and Payload

IPv6
HEADER

Segment
Routing
Extension
Header

Payload
(TCP/IPv6)




Segment Routing Header (SRH) : (6 of 6)

Source
2001:db8:0:1::1

¢

% SRvV6 Ingress
2001:db8:0:1::2

SR \ SRv6 Router

/ 2001:db8:0:1::3
I SRv6 Egress

% 2001:db8:0:1::4
|

Destination
2001:db8:0:1::5

Domain

Ver

DSCP Flow Label

Payload Length | Next HDH
40 TCP

Hop Limit
254

Source Address
2001:db8:0:1::1

Destination Address
2001:db8:0:1::5

TCP Header and Payload

IPv6
HEADER

TCP
Header/Payload




SRv6: Network Programming

myzed
IPv6 SRH HEADER
IP Header 128 Bit 128 Bit 128 Bit 128 Bit
~ ) T~ —
/

Segment [0]
1. Flexible Segments Segment [1] ~

SR Header vible Fields e
Segment [n] 2. Flexible Fields of Segment

3. Flexible TLVs Combination
Option TLV

Func Args

 « X «—Y—>+«—7

SRv6 network programming innovation



Segment format

Locator Function
1111 : 2222 : 3333 : 4444 : 5555 : 6666 ;: 7777 ;. 8888

« SRv6 SIDs : 128-bit addresses

- Locator: Ta 1o onuavtikd yia dpopoAdynon Tou segment

« Function: Ta Aiyodtepa onpavTika yia AsiIToupyieg atrd 1o node

- Flexible bit-length allocation
- Segment format £xouv TOTTIKA) onuacia yia kdBe SR k6o

« Ouyuicel Aiyo LISP 1TpwTdKoAAO

42
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SRv6
LocalSIDs



“o'.
Endeint function 8
€nyzed
......................... - - -
:'>VPP: show sr localsid ] >VPPi show sr hloc‘a151d
jLocalSID  Behavior : ko?:jnlsID Eedavmr
1A4::1 End i o "
ITotal SR LocalSIDs: 1 ), Jotal SR LocalsiDs: 1

SR: A4::1, A6::1, A8::)

Default metric 10

- Ma anAéTnTa function 1 onpaivel Tnv Baoikn Asitoupyia (function)
- Shortest-path > Node



\CCs

‘\0{
- . . [ ;
Endpoint kal xconnect = neighbor function S
WA
EEXEE;;;T;‘;W- S-Br:h%v:i%r,;i-d ----------- \E [EE;%S?EOW Sléézlaovciaol:id ]
1A4::C5 End.X {TenGE@/1/0 A5::} 1 o
I\'E)Ea_l_S_R_Lgc_alS_ID_s_:_l ____________ ) Jotal SR LocalSIDs: 1
SR: A4::C5, A6::1, A8::) 4 lﬂ
/

Default metric 10

- For simplicity Ak::Cj denotes:
- Shortest-path to the Node K and then x-connect (function C) to the neighbor ]



SRv6 yia Network Slicing: Data Plane

* SRv6 €10IKd yia network resource awareness

* Ta tommkd SRv6 SIDs avatmmapioTouv SIKTUOKOUG TTOPOUG

OTOUG OTTOIoUG dpoUV

» Tautotroinon Tou Network slice identification

* Avdbeon SRv6 Locator yia kéBe network slice

* SRvV6 SIDs kAnpovopouv To slice atmd Tov Locator

10

Al:1:1

Al:2:1

A2:1::1

A2:2::1

A6:1::C1

A6:1::1
A6:2::1

A2:1::C2
A2:2::C2

A6:1::C2
A6:2::C2

A3:1:1

A3:2::1

A3:1::C3

A3:2::C3

AT7:1::C3

A7:2::C3

v

A7:1:1

AT:2::1

A4:1:C1 @

A4:1::C2

SRv6 SID (128bit) npped
A
[ \
Slice-ID embedded

Slice-specific
Functions/Args

A7:2:.C3
AB:2::C2

Slice 1

Slice 2

A6:2::C1

tools.ietf.orq/htmI/draft—donq—sprinq—sr—for—enhanced—vpn
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Segment format -uSID ¢

Z‘/‘”Z;_\X

BBBB: BBBB:uSID1:uSID2: uSID3: uSID4 :uSID5 :uSID6
BBBB:BBBB:<uSID1>:<uSID2>:<uSID3>:<uSID4>:<uSID5>:<uSID6>
Function: 1o SID €ival TTAgeov Container SID pe aAAnAouyia atré pikpo SID
MeiwveTal 1o stack Twv SRH
Allocation atré Private IPv6 space
AvaBeon Twv micro SID o€ TepPaTikoug KOPBouUGS , Trpoypdupara i kar docker containers

AokiyaoTtnkav o€ Alibaba k Bell Canada

YMAotroinon o€ Cisco 8000, Cisco ASR9000, Cisco NCS5500, Cisco XRvIK series, Barefoot Tofino,
Arrcus pe Jericho2, Marvell Falcon, Linux kernel and FD.1O VPP.

47



\CCs
‘\‘o{

Service Chaining ye SRv6 LR

Empzed

Packets kaBoonyouvtai uéow akoAoubiac amo services/ function/ Ynnpeoiec = server

B2,
8"\ /7N

S3

SR: S1, C1, S2,S3, D) @ D

C1 S2

* O1 Ynnpeoieg ~ w¢ segments
- Eueli€ia
- EnekTaoipa
- Kavéva State
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Use case 3: Disjointness (1) n

4“/7,2105

» AUO UTTNPETiEC XWPIG KOIVEG DIAOPOUES. — TT.X. BAGPBN oTn pia dev eTTnpeadlel TNV AAAN.

» Disjointness ue xprjon Anycast segments.

50



[MepiTrTwon 1: Disjointness (2)

* 'EoTw service 1 pyetacu PEL kai PE3 va unv mrepva arrod service 2 yetacu PE2 Kk PEA4:

- Service 1 o010 PE1 €xel

segment list {902, 300}
oupuTtTEPIAaPBavouévou Tou
Anycast SID 902 Trou
dlaoyicel To KOKKIVO plane
TIpIv pTdoel o1o PE3.

- Service 2 010 PE2 €xel

51

segment list {901, 400}
ouuTTEPIAaPBavopéVOU TOU
Anycast SID 901 tTou
Olaoyicel TO PTTAE TTPOTOU
gT1aoel PEA4.

Node-SID
100

Node-SID
200

Service 1

Service 2

Red Plane

Anycast SID

o —

902

@ 0

A/
—@

/7

©

Blue Plane
Anycast SID 901

\CCs
8

»
&

Node-SID
300

Node-SID
400



[lepiTrTwon 2: Egress peer engineering (EPE) (1)

52

Egress Peer Engineering opicel
Tpia BGP Peering SIDs, yia
TTPOYPOUMATIONO Source-routed
inter-domain paths; PeerNodeSID,
PeerAdjSID, kai PeerSetSID.

R1 cival évag EPE egress router
TToUu deopeUEl T akdAouBa:

- PeerNode segment yia kaBéva
atro Toug peers (R7, R8, kai R9)

- PeerAdj segment yia kKGB¢ recursive
interface o€ éva multi-hop peer (R9)

- PeerSet segment o€ £éva oUuvoAo atrd
peer (R7 kai R8) (AS200)

EPE Controller

FlowSpec

)il

/B\?P ~ G?/, QAS 200

a0
Q s« @

Node- SID
100

EBG
U/t/ho 0

@ AS 300
S
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Use case 3: Egress peer engineering (EPE) (2) :

2

* BGP-LS session uyetagu EPE- €nped
border router (R1) kai EPE EPE-%'im”er

controller: /7‘—

Q)

- R1 avakoivwvel PeerNode, PeerAd), kai FlowSpec B‘CZF;@@@’ AS 200
PeerSet SIDs pe SR extensions oTo @ 100 @ (/EBGP/7®
BGP-LS, kai avdAoya trpoy/Cel To FIB.

Node- mflfep - @ AS 300
« EPE Controller Tpoy/Cel source- SID 100 Hhap
routes atrd Tov ingress routers 1TPOG
Incoming Label Operation Outgoing Interface

E-BGP peers Je FIOWSpeC 1001 POP Link to R7

~ 80% traffic -> AS 300 ye segment list {100, 1005} 1002 S

1003 POP Upper link to R9
- 20% traffic -> AS 200 pe segment list {100, 1006} 1004 POP Lower link to R9
. . 1005 POP Load-balance on any link to R9
- Preflx <NLRI/Length> Segment IISt {1001 1003} 1006 POP Load-balance on any link to R7 or R8

53 - Prefix <NLRI/Length> segment list {100, 1004}
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Segment Routing in the Data Center ' &

Y EPAN

 BGP-LU evopxrotpwon Twv SIDs/labels oto diktuo (T- MPLS)
» Controller @midyvel paths

« Controller pushes paths

« Controller Trpoypauparilel Tov egress server

Egress TOR

Transmitted packet

“‘Loose hop” load balances
over ECMP through spine
switches

Ingress server

ﬂ T
Ul

Egress VM
Egress server



[MepirTwon 4: Adjacency segment load-balancing (1)

» AuUo adjacencies petagu P1-P2.
* Me v uttéBeon xprong capacity-based metrics, 1o 10G link petagu P1 kai P2

gival axpnoipotroinTo yia shortest path forwarding.

Packet

SWAP 800-800

Packet

@_.0

Node-SID
100

55

800

Node-SID
200

POP 800

Packet

106G
oS
406G
A=A

— Node-SID

300

kavéva load-balancing
ota P1-P2 links

L @

Node-SID
800

\CCs



Use case 5: Adjacency segment load-balancing (2)

* Adj-SID TLV mrpoo@épel duvartoTtnta yia load-balance petagu TTOAAATTAWY

adjacencies.
Weighted load-balancing ota P1-P2 links

- P1 avakoIvwVel JEPOVWHEVD - POP 200. 1003
Adj-SIDs yia 10 10G link o0
(1001) pe weight 1, kai yia 10 POP 800 @
40G link (1002) pe weight 4. - Packet Dackel

- P1 emiong avakoivwvel Adj-

SID yia 1o adjacency set @ @ 10 @ @
(1003) —_ 40 -

~ PEL1 kavel push segment list 800 Node-SID 200 8009 Node-SID 300 Node-SID 800

{200, 1003, 800}. Node-SID
200 oTtéAvel kiv/ion -> P1, evw
pe 1o Adj-SID 1003 yiveTal Link Adj-SID Adj-Set Weight
load- balance kivnong mmpog 1o 10G 1001 1003 1
P2 ue avaloyia 4:1.

®

®

40G 1002 1003 4
Both 1003
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Virtual Box (1)

58

Windows 10 PRO vi-d , AMD-V

Virtualization SW

GNS3 Local Server

GNS-GUI VM

GNS VM pe KVM

Cisco IOS-XRV

Public

Hypervisor

Virtual Switch

Virtual
Cisco I0S XR

Virtual
Route Processor

360861



Virtual Box (2) GNS3 (1)
* Nested Virtualization
 GNS-GUI

* GNS3 VM + KVM

Servers Summary F

& DESKTOP-ITILS4G CPU 0.6%, RAM 21..,
& GNS3 VM (GNS3 VM) CPU 0.5%, RA...

GNS3 Local server process

59

@ General

Mame: GNS3 VM
Operating System:  Ubuntu (54-bit)

@ System

Base Memory: 2048 MB

Processors: 2

Boot Order: Hard Disk, Optical

Acceleration:  VT-x/AMD-V, Nested Paging, PAEMX, KVM Paravirtualization

@ Display

Video Memary: amMB
Graphics Controller: VBoxVGA
Remote Desktop Server Port: 5966
Recording: Disabled
Gl storage

Controller: IDE Controller
IDE Primary Device 0:

Controller: SATA Controller
SATA Port 2:

5 Audio

Host Driver:  Windows DirectSound
Controller:  ICH AC97

B Metwork

GNS3 VM-disk00 1.vei (Normal, 19,53 GB)
GNS3 VM-diskD02.vei (Normal, 488,28 GE)

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, "VirtualBox Host-Only Ethernet Adapter”)

Adapter 2:  Intel PRO/1000 MT Desktop (MAT)

(7 usB

Disabled
[C] shared folders

MNone
(&) Description

Mone

GNS3 VirtualBox VM specificationss.




Virtual Box (3) GNS3 (3)

« GNS3 VM

B P

General
Server
GMNS3 VM
Packet capture
= Built-in
Ethernet hubs
Ethernet switches
Cloud nodes
= VPCS
VPCS nodes
= Dynamips
105 routers
= 105 on UNIX
10U Devices
= QEMIU
Qemu Vs
= VirtualBox
VirtualBox ViMs
= VMware
VMware Vs
= Docker
Docker containers

| GM53 VM preferences

| [Enabie the GHE3 WM
VrtuskzaBion engne

wrtusifiox

VrtialBay sppert. Mested vwiialanten for bath Intel snd AHD processsrd B sperhed sinoe veresn 5.1
The GHED ¥ can be downboadar here

Setargs

VM names | GRED 'Y

[ H -]
ot the 8 i heacdlen mode

 Alacwis wCPUS and RAM

viPLE: 2

BAM: 2048 ME

ichion when deosng GNED;
leeep the GNED WM runnng
maspend the GHE WM

& gioys thi GRE3 W

GNS3 VM specifications in GNS3 GUI.
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Virtual Box (3) GNS3 (2)

e Evepyomnoinon KVM oto VM -

GNS3 serwver wersion: 2.2.31
Release channel: 2.2

WM wersion: 0.13.0

Ubuntu wersion: focal

Qemu version: 4.2.1
Virtualization: virtualbox
kv

KvM support available: True
Uptime: up 1 hour, 59 minutes

IP: 192.168.56.101 PORT: 80

To log 1n using SSH: ssh gns3@192.168.56.101

Password: gns3
Servers Summary F g

&) DESKTOP-ITILS4G CPU 0.6%, RAM 21,., To launch the HWeb-Ui: http:ss192.168.56. 101
&) GNS3 VM (GNS3 VM) CPU 0.5%, RA...
Images and projects are stored in 'Jopt/gns3'

GNS3 Local server process

GNS3 VM running in VirtualBox with KVM enabled.
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Virtual Box (4) GNS3 (4)

» Create Empty Local template

1.
2.

o

© ©® N o

Edit > Preferences > VirtualBox VMs > New.
Run this VirtualBox VM on my local computer.

From VM list ...recently created CRS1000V
“Use as a link base VM (experimental) option.

Finish > Apply > Ok.

Edit > Preferences > VirtualBox VMs >
CSR1000V > Edit.

Console type > telnet.
Ok > Apply > Ok
Boot

Activate Licence

=] General

Mame: GN53 VM
Operating System:  Ubuntu (64-bit)

|E| System

Base Memory: 2043 MB

Processors: 2

Boot Order: Hard Disk, Optical

Acceleration:  VT-x/AMD-V, Nested Paging, PAE X, KVM Paravirtualization

(%] pisplay

Video Memary: aMB
Graphics Controller: VBoxVGA
Remote Desktop Server Port: 5966
Recording: Disabled
G} storage

Controller: IDE Controller

IDE Primary Device O GNS3 VM-disk00 1.vdi (Normal, 19,53 GEB)
Controller: SATA Controller

SATA Port 2: GNS3 VM-disk002.vdi (Mormal, 488,28 GEB)

o Audio

Host Driver:  Windows DirectSound
Controller:  ICH AC97

= Network

Adapter 1: Intel PRO/1000 MT Desktop (Host-only Adapter, "VirtualBox Host-Only Ethernet Adapter’)

Adapter 2:  Intel PRO/1000 MT Desktop (NAT)

L5 uss

Disabled
[] Shared folders

Mone
(E) Description

None

GNS3 VirtualBox VM specifications.



\CCs
C\‘o{

Virtual Box - Topology |

e

¢ CSR-IOS-XR

Gi0/0/0/1

G/ 0/ 00
11.11.11.11/32

2
10.10.10.10/ 32 20.20.20.20/32 ©
30.30.30.30/32

GID/Dj0j0 | P GI/0/0/1

22.22.22.32(32

63 Public



Virtual Box (4) XRv-1 Basic SR configuration




CSR1000v Basic SR configuration
!

interface Loopback1

ip address 10.10.10.10 255.255.255.255
ip router isis LAB

!

interface GigabitEthernet0

ip address 100.100.100.1 255.255.255.252
ip router isis LAB

negotiation auto

no mop enabled

no mop sysid

isis circuit-type level-1

isis network point-to-point

]

segment-routing mpls

65

connected-prefix-sid-map
address-family ipvd
10.10.10.10/32 index 1 range 1

exit-address-family
!
!
router isis LAB
net 49.0000.0000.0000.0001.00
is-type level-1
metric-style wide
segment-routing mpls
I

e Core facing

e Gig-E ->point-to-point for

o IS-ISIGP




TE configuration CSR1000V-1 and CSR1000V-3 / Head-end

mpls traffic-eng tunnels

!

interface GigabitEthernet1 |
ip address 100.100.100.1 255.255.255.252
ip router isis LAB

interface Tunnel

mpls traffic-engtunnels ip unnumbered Loopback1

isis circuit-type level-1 tunnel mode mpls traffic-eng

isis network point-to-point tunnel destination 30.30.30.30

: tunnel mpls traffic-eng autoroute announce

routerisis LAS tunnel mpls traffic-eng priority 6 6

net 49.0000.0000.0000.0001.00

is-type level-1 tunnel mpls traffic-eng path-option 10 explicit name SR-PATH segment-routing

metric-style wide !

segment-routing mpls ip explicit-path name SR-PATH enable
mpls traffic-eng router-id Loopback1 index 1 nextlabel 16002

| index 2 next-label 16004

segment-routing mpls index 3 next-label 16005
! !

mpls traffic-eng level-1

connected-prefix-sid-map
address-family ipv4
10.10.10.10/32 index 1 range 1

exit-address-family



TE configuration CSR1000V-1 and CSR1000V-3/ Tail-end

67

I

mpls traffic-eng tunnels

!

interface GigabitEthernet1

ip address 100.100.100.14 255.255.255.252
ip router isis LAB

mpls traffic-eng tunnels

isis circuit-type level-1

isis network point-to-point

!

!
interface GigabitEthernet2

ip address 100.100.100.18 255.255.255.252
ip router isis LAB

mpls traffic-eng tunnels

isis circuit-type level-1

isis network point-to-point
!
router isis LAB
net 49.0000.0000.0000.0005.00
is-type level-1
metric-style wide
segment-routing mpls
mpls traffic-eng router-id Loopback1
mpls traffic-eng level-1
!
segment-routing mpls
!
connected-prefix-sid-map
address-family ipv4
30.30.30.30/32 index 5 range 1
exit-address-family
1
1
interface Tunnell
ip unnumbered Loopback1
tunnel mode mpls traffic-eng
tunnel destination 10.10.10.10
tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng priority 6 6
tunnel mpls traffic-eng path-option 10 explicit name SR-PATH segment-routing
!
ip explicit-path name SR-PATH enable
index 1 next-label 16004
index 2 next-label 16002

index 3 next-label 16001
!




TE configuration n CSR1000V-1 and XRv2 / Head-Left, Tail Right

! interface Tunnel2

interface Tunnel? ip unnumbered Loopback1

ip unnumbered Loopback! tunnel mode mpls traffic-eng

funnel mode mpls traffic-eng tunnel destination 22.22 22 .22

tunnel destination 22.22.22 22 tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng autoroute announce tunnel mpls traffic-eng priority 6 6

tunnel mpls traffic-eng priority 6 6 tunnel mpls traffic-eng path-option 20 explicit name SR-PATH-XRv2 segment-
tunnel mpls traffic-eng path-option 20 explicit name SR-PATH-XRv2 segment- ~ routing

routing !

! ip explicit-path name SR-PATH-R4 enable
ip explicit-path name SR-PATH-R4 enable index 1 next-label 16002

index 1 next-label 16002 index 2 next-label 16004

index 2 nextabel 16004 !

|
' explicit segment-list SR-PATH-CSR1000W1

]
!
68



TE configuration CSR1000V-1 and CSR1000V-3/ Tail-end

69

1

mpls traffic-eng tunnels

!

interface GigabitEthernet1

ip address 100.100.100.14 255.255.255.252
ip router isis LAB

mpls traffic-eng tunnels

isis circuit-type level-1

isis network point-to-point

!

!
interface GigabitEthermet2

ip address 100.100.100.18 255.255.255.252
ip router isis LAB

mpls traffic-eng tunnels

isis circuit-type level-1

isis network point-to-point
!

router isis LAB

net 49.0000.0000.0000.0005.00
is-type level-1

metric-style wide

segment-routing mpls

mpls traffic-eng router-id Loopback1
mpls traffic-eng level-1

1

segment-routing mpls

! ip explicit-path name SR-PATH enable
connected-prefix-sid-map

index 1 next-label 16004
:ﬁi‘i—j:‘;’f:r;::"‘sm“ge‘ index 2 next-label 16002

! index 3 next-label 16001
! I

address-family ipv4

interface Tunnell

ip unnumbered Loopback1

tunnel mode mpls traffic-eng

tunnel destination 10.10.10.10

tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng priority 6 6

tunnel mpls traffic-eng path-option 10 explicit name SR-PATH segment-routing
!
ip explicit-path name SR-PATH enable

index 1 next-label 16004

index 2 next-label 16002

index 3 next-label 16001
!



70

Dynamic TE configuration

RP/0/O/CPUN:XRy-2#sh run routerisis
router isis LAB

is-type level-1

net 49.0000.0000.0000.0004.00
distribute link-state

RP/0/0/CPUD:XRv-2#sh run segment-routing
!
segment-routing
traffic-eng
!
policy POL1

color 20 end-pointipv4 10.10.10.10
candidate-paths

!

preference 101

dynamic

metric

type te

!

!




routerisis LAB

is-type level-1

net 49.0000.0000.0000.0004.00
distribute link-state
address-family ipv4 unicast
metric-style wide

mpls traffic-eng level-1

mpls traffic-eng router-id Loopback

segmentrouting mpls

!

interface Loopback1
address-family ipv4 unicast
prefix-sid index 4
!

!

interface GigabitEthernet0/0/0/0
circuit-type level-1
point-to-point

!

1

interface GigabitEthemet0/0/0/1
circuit-type level-1
point-to-point

!

Weight ECMP CSR1000V-1 kai XRv-2 ue avaAoyial/3 Ttrpog 2/3

RP/0/0/CPUQ:XRv-2#sh run routerisis

RP/0/0/CPUO:XRv-2#sh run segment-routing
segment-routing
traffic-eng
segmentlist SR-PATH-1-R1
index 1 mpls label 16002
index 2 mpls label 16001
|
segmentlist SR-PATH-2-R1
index 1 mpls label 16005
index 2 mpls label 16003
index 3 mpls label 16002
index 4 mpls label 16001
|
policy POL1
color 20 end-pointipv4 10.10.10.10
candidate-paths
preference 100
explicit segment-list SR-PATH-1-R1
weight4
!
explicit segment-list SR-PATH-2-R1
weight2
]

‘ “CSR1000V-1(config-srte-policy-path-pref j#explicit segmentdist SR-LIST weight

o




SRvV6 o010 LInux
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Kernel 4.10 &

- YTrootApign SRv6 oTto Linux kernel atrdé 2017.

- Evowpdatwon End, T.Insert6, and T.Encaps6

- YTrootripign SRv6 avad interface. ‘OAec o1 &/voelg IPv6 o€ €va SRV6-

enabled interface cival Tommkd local SID

- Iproute2 erékTaon pe SR policy.

sysctl -w net.ipv6.conf.all.seg6 enabled=1 sysctl -w

net.ipvé.conf.<device>.segb6 enabled=1

, ) dev <device>
ip -6 route add <prefix> encap seg6 mode <encapmode> segs <segments>



Kernel 4.14

- NeploooTEPa SRVH behaviors
« T.Encaps.L2, T.Encaps4,End.X, T.Insert4,

End.DX6, End.T, End.DX2, End.DX4,
End.DT6, End.B6, End.B6.Encaps.

- Mpoobnkec IProute2

ip -6 route add <segment> encap seg6local action

<action> <params> \ dev <device> table localsid

\CCs
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L

SREXT 2

4“/'”2;_05

- ECwTtepikO kernel module pe 1Tpo0oBEeTEC

S——
AeItoupyiec Segment Routing. i “‘l"m
- proxy TIOou E€mITPETTEl O0€ SR-unaware
service/ functions va evowpatwBouv.
e sn | RO —] Rﬂ;m F-*!FOWF---L--*M
'




\CCs

SERA ¢

- SEgment Routing Aware firewall

- SRv6-aware Network function

- Me duvaToTnTeC matching kai actions.

- 270 nakero,SRH,
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