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O yem Oyaem cerogHsi rOBOPUTL

Q ApxutekTypa Segment Routing
0 BBeaeHue
O CueHapuun UCrosib3oBaHns
0 BHeaopeHne Ha ceTu onepaTopa

| 2

0 O630p SR Traffic-Engineering n HOBbLIX BO3MOXXHOCTEN

0 BeBeneHune B SRv6
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MPLS — npoCcTOon Unun cnoXHbin?

NMpocTton Data Plane
Label/Label stack + 3 onepayuu (push/pop/swap)

CnoxHbin Control Plane
IGP + LDP + RSVP + Service Plane (LDP/BGP)

TpebyeTcsi CUHXPOHM3aLUNA MPOTOKOSIOB
Jlerko caenaTtb OWKNOKY

CnoXxHo oTnaxusaTtb

Bbonbwasna Harpy3ka Ha Control Plane
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YTto XoueTcsa caenartb?

O CoxpaHuTb 1 ncnonb3oBatb MPLS Data Plane

O CoxpaHuTb M ucnonb3oBaTtb Bce MPLS-cepBUCHI
= VPLS, VPNv4/v6, VPLS, FRR, L2VPN n gpyrue

O Co3paTtb 6onee yaoo6Hbin Control Plane ana forwarding
= MeHblUe NpOTOKONOB
= MeHbLlUe HacTpoek
= MeHble Harpy3ku Ha CPU

O CoxpaHUTb BO3MOXHOCTb COBMECTHOM paboTbl ¢ LDP u RSVP

Service _|:

Protocols =
RFC 3107
BGP SR
Transport | IGP/SR Enabled Transport
- Protocols MPLS LDP




YTo Takoe Segment routing?

« Source Routing — BO3MOXHOCTb 3agaTtb Ha UCTOoYHMKe (Ingress PE) nyTb
NPOXOXOEHMA NAKeTOB MO CETU, C MNOMOLLbIO NMOCneaoBaTesibHOCTY
CEerMeHTOB B 3arofyiloBke caMmmnx nakeTos

CermeHT = NIHCTpYKUMS (Hanpumep, «4ocTaBuTb Tpaduk Ao yana N

KpaTyauimm nytem»)

[MPLS forwarding plane CermeHT = Label ] < Ha4dHewm c npocToro

IPv6 forwarding plane CermeHT = routing extension header (see 4.4 of RFC2460)

The state is no longer in the network but in the packet

afuen|n
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Segment Routing - ctaHAapTU3auus

Strong commitment for standardization and
multi-vendor support

SPRING Working-Group (started Nov 2013)
All key documents are WG-status

Over 25 drafts maintained by SR team
* Over 50% are WG status
* Over 75% have a Cisco implementation

Several interop reports are available
First RFC document - RFC 7855 (May 2016)

s,
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Teonnglegy and Problen Staremsnt

e Architecture ([draft
® Prablem Statement
o Generic (araf
o Resillency (draft
o Ve (drafr)
QAN (draft)
* Applicability
o SR llustratian to problem statement (draft
o centrallzed Egress Peer Englnesring (draf)

Protocol Extension

® |SIS extenslon for SB |draft)

e OSPF extension for SR |draft

® OSPFV3 extenision for SR (draft

* BGRLS extensian for SR |dratf)

* BGP.LS extenslon for SR EPE use case (draft)
® PLEP extension far SR (SR exx, setup method)

ZRR
* Topology-independent LFA FRR with SR (drafy
MELS Instansiatlon of Segment Rowsing

* MPLS support for SR |draft)
* SRAD? Interactlon and kterwarking (aralt)

1PvE Insantistion of Seament Routing

® |Pv6 SR rouzing extension header (draf
® |PvE use-cases (draft)




Segment Routing

Kak aTo paboTtaet? Het LDP, HeT RSVP-TE

UcTo4yHUK onpeaensieT MmapLlwpyT U nporpaMmMmpyeT ero UCnosib3ysa 3arorioBoK
naketa C MOMOLUbLKO CEerMeHTOB, KOTOpble HeobGxoAMMO MCMNoNb3oBaThb
(cermeHT - MPLS meTtka wvnu IPv6 appec). CeTb nepenaeTt nakeT UCNoOsfb3ys
MapLUpyT, 3aKoANPOBaHHbIA C MOMOLLLI CEerMeHTOB.

|
Dynamic path Paths options
Dynamic Explicit
@4@ (Headend computation) (Operator / Controller)
Control Plane
Explicit path

Routing protocols with
extensions SDN controller
(IS-1S,0SPF, BGP)

(S S Data Plane
ety (segment labels) (+SR header)




UpeHTudukaTopsbl IGP Segment

Q

Q
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Prefix/Node SID

65 65

/it NG

N o] P ///////

UmeeT rmobanbHOe 3Ha4YeHUue BHYTpU
aomeHa SR

NMepepauya Tpachmka c ucnonb3oBaHUEM
shortest-path tree

MoxeT ObITb 3agaH Kak abcontoTHad
BeJIn4MHa, TakK U Kak MHOEeKC

Ucnonb3yeTcsa 3ape3epBUPOBAHHbLIN
6nok metok (SR Global Block nnu
SRGB)

Adjacency SID

9101/B%c D

9105
A 9107\l' z
9105

—

9103

O WUmeeT nokanbHoe 3Ha4YeHUe BHYTPU

node

O Mepepaua Tpachmka Ha OCHOBE

adjacency

O 3apaeTtcs Kak abconoTHasa Benu4imHa



Node Segment (npumep)

FECZ swap 65  swap 65
push 65) to 65> to% pop 65
A ° © ° § MNMaket c label 65
- - - Z |65 nepenaertcs K yany “Z”
Packet Packet Packet Packet Packet Nno KpaTtyavwemy nyTu
to Z to Z to Z to Z to Z

O Y3en Z aHoHcupyeT node-SID 65
= |GP sub-TLV extension

O Bce y3nbl nuctannumpytot node-SID B MPLS Data Plane

e
CI5CQ



ABTOMaTU4yecKasa barnaHCUpPOBKa
Tpaduka B cny4vyae Node/Prefix SID

A |_B D>
Z
N P

0 ECMP

U Tpadumk npeaHasHa4yeHHbI And y3na O n umerowmn SID 16078 aBToMaTUYECKU
pasbanaHcupyetcsa no BceMm aocTynHbiMm ECMP nytam

U He TpebyeT AONONMHUTENbHbLIX HACTPOEK



Adjacency Segment (npumep)

A B C D>
M N O P

a Ysen “C” aHoHcupyeT adj-SID no IGP

Ha y3ne “C” nakeT ¢ MeTKkon

65 9003 gomkeH bbITb NepenaH
no kanany “C-O”

O Tonbko y3en “C” nHctannupyet adj-SID B8 MPLS Data Plane

e
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BanaHcupoBkKa Tpadmka ana Adjacency Segment

0 9001 nepeaaTtb Yepe3 1bin MHTEpeUnc

0 9002 nepeaaTtb Yepe3 201 uHTepdenc

O 9003 6anaHcupoBaThb Mno rpynne
uHTepcencon

s,
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KombuHupyem cermeHTbI

9003

Packet
toZ

72 to Z

O Bo3MoxHocTb coBmewatb TE u ECMP

O Bcero oguH npotokon (IGP + extension)

s,
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Packet Packet
to Z to Z

Packet
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Tabnuua LFIB ¢ Segment Routing

O LFIB HanonHaeTca npu nomown IGP (ISIS /
OSPF)

O Tabnuua kommyTaumm noctosiHHa (Nodes +
Adjacencies) BHe 3aBUCMMOCTU OT Yncna
BO3MOXHbIX NMyTeun

O HApyrue npotokonel (LDP, RSVP, BGP) no
npeXxHemy MoryT nporpammupoBatb LFIB

In Out Out
- Label Label Interface _
L1 L1 Intf1
L2 L2 Intf1
naeHTudukaTopbl |
Node Segment
L8 L8 Intf4 | Tabnuua KommyTaumu
. L9 Pop Intf2 ocTaeTcs HeM3MeHHOMN
draft-previdi-isis-segment-routing-extensions ugeHTUdmkaTopbl L10 Pop Intf2
draft-psenak-ospf-segment-routing-extensions Adjacency Segment 7
s, L] Ln Pop Intf5 ]

CISCO



Segment Routing u cepBucbl MPLS

- AdpchekTMBHOE ncnonb3oBaHue
npeuMyLlecTBa NakeTHbIX ceTen (ecmp-
aware shortest-path) :

0 node segment!

- YnpoweHue paboTbl ceTu:

JoaHum paboTarowmm
NPOTOKOSZIOM MéeHbLUe

dotcytctByeT LDP/ISIS
CUHXPOHU3aLUuS

e
CI5CQ

PE1 [ PE2

Bce cyuwecTtyrowme VPN
cepBUCbI BO3MOXHO
peanu3oBaTb NoBepx node
segment gna PE2




CueHapum nNpMMeHeHus
TEeXHONOoMu



MPLS dataplane monitoring =&

9105
9107
9108
9104
9107 9105
C 9108
9105 9102

OAM
A 910 9105
08

9101

Google  Localizing packet loss

In a large complex network

Nicolas Guilbaud nguilbaud@google.com
Ross Cartlidge rossc@google.com

Nanog57, Feb 2013

9104

draft-geib-spring-oam-usecase-06

s,
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Anycast segment gna Dual Core

- icnonb3yem Node-SID [65]

[lepegaem Tpaduk OO0  y3na

ncnonb3ysds ECMP B 06enx nnockocTax

- icnonb3dyem Anycast-SID +

Node-SID [111, 65]

[lepegaem Tpadpuk go ysna “Z°

ncnonbaya ECMP Tonbko B O4HOW
MITOCKOCTU
ECMP-awareness!




Topology Independent LFA FRR

Segment Routing no3BonseT rapaHTUPOBaTb

LFA FRR B nro6bou Tononoruu:

Q
Q
a
a

TI-LFA 3awumTta gnsa nuHka R1R2 Ha R1

Packetto Z

Pacuutaem LFA(S)
Pacuutaem post-convergence SPT

Onpepenum LFA y3en gns post-convergence SPT

Packet to Z

Default metric:10

s,
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Topology Independent LFA FRR

Segment Routing no3BonseT rapaHTUPOBaTb

LFA FRR B nro6bou Tononoruu:

a TI-LFA 3awumTa ana nMHka R1R2 Ha R1

O Pacuuntaem P n Q obnactum

LJOHM nepeceKkaroTCcA B HaLLeM
cny4ae

O Pacuutaem post-convergence SPT

O Onpepenum PQ y3sen ana post-
convergence SPT

O R1 po6aBur prefix-SID R4 gna co3gaHus
backup path

s,
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Packetto Z

Packetto Z

Default metric:10

Q-space

Packetto Z

Packetto Z




Topology Independent LFA FRR

Segment Routing no3BonseT rapaHTUPOBaTb
LFA FRR B noboun Tononorunu:

O TI-LFA 3awmTta ansa nuHka R1R2 Ha R1 Packet to Z

Packetto Z

Pacuntaem P n Q obnactu

adj-SID(R4-R3)

a
O PacuuTtaem post-convergence SPT
Q

Onpeagenum Q y3en u cocegHut ¢ HUM P

Packetto Z

y3en ans post-convergence SPT Packet to Z
O R1 po6aeut prefix-SID R4 n adj-SID R3- : _@
R4 nuHka ansa cosgaHua backup path - 1000
P-space “—spaee

adj-SID(R4-R3 )
J ( ) Default metric:10
Packet to Z

s,
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OTKa30yCTOM4YMBOCTb Y3J10B CEeTHU
SN1: SID 101

Packet sent
to SN1 or SN2 SN1 or SN2:

Anycast SID 1001

= HeckonbKo yCTpOUCTB
aHOHCUPYHOT OAUHAKOBbIN
Segment ldentifier (anycast
segment) B BOMNONMHEHUN K UX
SID

= Tpadhuk nepenaetcs K
onunxanwemy yCTPOUCTBY Ha
ocHoBe IGP best path

= Ecnun ocHOBHOE YyCTPOUCTBO
criomaeTcsi, To Tpamk
nepeHanpaBuUTCS K Apyromy
yCTpOﬁCTBy C TeM Xe anycast segment SN2 : SID 102

"3 PheKTUBHLIN MEXaHN3M OTKa30yCTOMYMBOCTU Ha
Juy. TPAHCMOPTHOM YPOBHe, He TpebyeT AONONMHUTENbHbIX
TEXHONOornm



Latency TE Service

- «[laHHble» u3 Tokno B bproccenb

- «'onoc» n3 Tokno B bproccenb

IGP shortest-path yepe3 CLUA, wunpokue n geweBble
KaHanbl
PrefixSID of Brussels

S

) 'O
SRTE nonuTtuka po6aBnsieT oavH AONONHUTENbHbIV w Node segment to Brussels

cermeHT “Russia Anycast”
Low-latency path

- NMpuemyLtecTBa N\ Node segment to Russia

ECMP Russia

OTKa3oycToOM4YMBOCTb NMpPU UCNOSMb30BaHUM anycast
segment

OTtcyTtcTtBUe hop-by-hop curHanusauum load u delay Data Voice

Brussels
pkt

Brussels

pkt

OTtka3 ot midpoint state

s,
CISCO



MpumeHeHne Segment Routing B SDN

Ona nytb A-Z cTeK MeTokK

2Gb/s oT A go Z nnu3 {66, 68465 ' Meperpy3ka
i A B

‘
\Visuaization/ Bandwidth o
[ ] 53PS, Netcont, SNMP

~

PacuutaHHbIn NnyTb - ABCOPZ.
Tpebyemasi nonoca npuHATa BO
BHMMaHue. O6xogum neperpysku B

Het per-tunnel state Ha mid-point = MoXHO nepenTun K tunnel per-application
ECMP + Explicit routing = nossonseT ymMeHbLWUTb Konnyectso TE tunnels
He Hy)XXHO nporpammupoBaTtb mid-point - npoule KOHTPONMpoBaTb CETb

CeTb npocTa, nporpammMmupyemMma n cnocobHa pearmpoBaTb Ha
BO3HMKawLWme codbITus

s,
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Ewe oauH BaXHbIN cnana

MPLS-MeTKn nmweHbl COOCTBEHHOM CEMaHTUKWU
CermMeHT MOXET BblpaXkaTb n|-06y|-0 MHCTPYKLMIO

« Service

 Context

« |GP-based forwarding construct
« BGP-based forwarding construct
 Locator

|||||||||



SR 1 ynpaBneHue BHeLHEeN CBA3HOCTbIO

http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
Cisco, Facebook, Yandex

( )
Onpenensem Touky [ /T e J\IV
Bbixoga n3 AS Ha - AW N z
. AS1 AS4
ingress router .

AS3

(] PeerNode SID

- MepeaaTb NakeT Yepe3 3aAaHHbIU NUP

[ PeerAdj SID- lNepeaaTb nakeT 4yepes3 3agaHHbIN MHTepdenc

d PeerSet SID - banaHcupoBaTb TpaduK no rpynne nUpoB


http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01
http://tools.ietf.org/html/draft-filsfils-spring-segment-routing-central-epe-01

BGP Prefix SID - SR-based MSDC

= MPLS dataplane

= BGP control-plane (Het LDP, HeT
RSVP)

=  AHanoru4yHble npeummyLlecTBa
IGP Prefix SID
= ECMP
= Automated FRR (BGP PIC)

" OTCYTCTBUE PYYHOMN
KOHpurypaumm

= Heob6xoaumble anemMeHTbl Ans
Traffic Engineering

= EanHbIn SRGB Ha kaxaom
KOMMyTaTope

s,
CISCO

(DC 4 ECMP paths ik
AS14 N
|
(as15 O )

V.

ToR leaf spine leaf BrdrSw

eBGP ipv4
labeled-unicast

https://www.nanog.org/meetings/nanog55/presentations/Monday/Lapukhov.pdf
https://www.nanog.org/sites/default/files/wed.general.brainslug.lapukhov.20. pdf



https://www.nanog.org/meetings/nanog55/presentations/Monday/Lapukhov.pdf
https://www.nanog.org/meetings/nanog55/presentations/Monday/Lapukhov.pdf
https://www.nanog.org/sites/default/files/wed.general.brainslug.lapukhov.20.pdf
https://www.nanog.org/sites/default/files/wed.general.brainslug.lapukhov.20.pdf
https://www.nanog.org/sites/default/files/wed.general.brainslug.lapukhov.20.pdf

SR n ynpaBneHune BHeLIHEW

CBA3HOCTbIO AS 00 BHeLUHero numpa

TE Policy

installed by

Controller

"

(A81 )
ASZ
NyyLumii rayload | B D
BGP v IGP ISIS/SR-based WAN
nyTb A

gy
PrefixSID (C)
PeeringSID(E)

Payload

. . Payload
Engineered Path PeeringSID(E) N

AS4

9.9.9.9/32

Payload '
Engineered Path

s,
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EavHaa nonutuka nepeaayvm tpadpuka

)

Cnepyroume
Onpenensiem BepxHun CerMeHTblI MocneaHuii
flow n cerMeHT onpeaensoT CermMeHT
npucsavBaem npepocTaBnseT WAN Policy: BLIGMpaeT
SR segment ECMP-mapLupyT K Cost vs Latency,
list BbIGpaHHoMy DCI Disjointness, coress peet

\_ ) \_ '/ \ SelectegressBR/J  \_ Y,

s,
CISCO




EavHaa nonutuka nepeaavm tpaduka

Monutnka end-to-end ansa npunoxxeHus:

IABa cepBucHbIX y3na B DC
- Low-latency mapuwpyt B WAN

- Touka Bbixoaa B Internet oo norpeburensn




Kpntunka Segment Routing

NMpobnema: HW orpaHuyeHnsa rmyouHbI cTeKa
B bonblwmnHcTBe crniyyaeB anda TE goctatoyHo 2-3 cermeHTa
Ona NG NPU rnybuHa cteka >10 nenbnos

NMpobnema: Segment routing TE He y4uTbIBaeT pecypcehbl
JTO TaK, HO Af1sl 3TOro eCTb KOHTponsep

s,
CISCO



BHeopeHne SR B ceTunt
onepartopa CcBA3N



Kak nporpamMmmMmupyrotcsa MeTKu Ha
obopynoBaHUn?

OSFP ISIS

NS

RIB — LDP —— LSD

‘\\\\\\\M///////’

FIB




Segment Routing Global Block (SRGB)

SRGB
- Ucnonb3yuTte eanHbin SRGB Ha Bcex ycTpoucTBax 5000
 BbbicTpoe n npocToe BHeApeHNe TeXHIIOrmm 16,001 ldx 1
* Global Segment == Global Label value 23999 1dx 7,999

 Ucnonb3oBaHue pa3HbiXx SRGBS BO3MOXHO, HO COMPSXXEHOo 24,000
CO CIIOXXKHOCTSIMU HACTPOMKU U interoperability

- HectaHpaapTHbin SRGB mMmoxeT ObITb Ha3Ha4yeH u3 Dynamic labels
avanasoHa ot 16,000 go 1,048,575 Aoy

1,048,575

s,
CISCO



PekomeHpgoBaHHaA moaenb npumeHeHnsa SRGB

1.1.1.1/32, Prefix Segment index 1
_kﬁi . @EE . kz-iE
,

Payload Payload Payload 5 Payload
" 16,000 Idx 0 16,000 Idx 0 " 16,000 Idx 0
M
O 16,001 ldx 1 O 16,001 ldx 1 O 16,001 Idx 1
a4 @ 04 o
n )] 0p)
23,999 ldx 7,999 23,999 ldx 7,999 23,999 Idx 7,999
24,000 24,000 24,000
alual 1,048,575 1,048,575 1,048,575

CISCO



Bo3MoOXHbIU cueHapuun ¢ pa3Hbimu SRGB
1.1.1.1/32, Prefix Segment index 1

1 €SP 3 659 2
—t =y k-:-i

1

—&3

Payload : Payload : Payload E Payload
16,000 ldx 0 16,000 16,000 Idx 0
m m
0 16,001 Idx 1 0 16,001 ldx 1
o o L
)] 0p)
23,999 Idx 7,999 23,999 Idx 7,999
24,000 24,000
533,334
533,335 Idx 0
m
0 533,336 Idx 1
04
0p]
541,334 Idx 7,999
541,335
afisifis 1,048,575 1,048,575 1,048,575

CISCO

36



Mopaenu Bsanmoaeunctesmusa SR u LDP

SR to LDP
0P to SR
SR over LDP
LDP over SR

s LDP




OT LDP Kk SR — npocTtou nyTb

- Y3en A xoueT nepenaTb Tpadumk Ha y3en Z, HO LDP
y3en Z 1 4acTb NPOMEXYTOYHbIX Y3IOB He
asnsaetca LDP capable.

« oTcytcTByeT LDP outgoing label A &
- B atom cny4yae LDP LSP nogknto4vaeTca K prefix

segment LSP

% 16066

+ ¥Y3en C nHcranupyet cneayuiyto 3anmcb LDP-to-
SR FIB:

* incoming label: label HasHa4yeHHbIN LDP ana FEC Z

1
1
1
1
1
1
1
1
1
1
i

Out Label (LDP),
Interface

Input Label Out Label
(LDP) (SID), Interface

Prefix

* outgoing label: prefix segment gna pocTmxeHus
y3naZ z 16, 0 32 16066, 1

* outgoing interface: uHTepcenc B CTOpoHy y3na D

... CBA3HOCTL ABYX Pa3NUUHLIX AOMEHOB NPOUCXOANT
<sco aBTOMATU4YECKU U He TpebyeT pyYyHON HAaCTPOMUKHM



OT SR K LDP — TpebyeTca yToO4YHEeHMe

- Y3ny A TpebyeTtcsa nepeaaTtb Tpaduk ana
y3na Z, Ho y3en Z n 4aCcTb NPOMEeXYTOYHbIX
y3M0B He noaaepXusaroT SR: SR LDP

+ OTcytcTtByeT SR outgoing label, Z He
m -

nopaexpuBaeT SR, Z He MOXeT 00bABUTb
AR coss

Hukakoro prefix-SID
- A
- Kakom label cnegyet ncnonb3soBatb y3ny A
Ansa nepepaym Tpaduka?

B atom cnyyae Heo6xoauUMO NMOAKITHOYNTb
prefix segment LSP k LDP LSP BpyuHyto

prefix | Out Label (SID), Input Label |Out Label (LDP),
INo601 norpaHNYHbLIN y3en ¢ NoanepPKKou Interface (D) e go

SR/LDP ponxeH co3gartb 3anucb SR-to-LDP Z 05 1l
FIB

s,
CISCO
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OT SR kK LDP - ¢pyHKkumnoHan Mapping
Server

dyHkumoHan Mapping Server ncnonb3yeTtcs
ana oobvasneHus SID mappings Ansa y3noB He
noagepxuBarwwmx SR

* Hanpumep, y3en C ob6baBnseT 4to ysen Z
nmeet SID 16068

¥Y3nbl A n B MHCTanNUMpyoT HopMarnbHbIA SR
prefix segment 16068 gna yana Z

C noHumaeT 4To ero next hop ana SPT B
HanpaBneHuu Z He noaaepxuBaeT SR,
noatomy C pobansiet 3anucb SR-to-LDP FIB

* incoming label: prefix-SID bound to Z
(16068)

* outgoing label: LDP binding from D for
FEC Z

Y3en A nocbinaet Tpadumk ans ys3na Z c single
label: 16068

CISCO

G-

SR

Prefix Out Label (SID),
Interface

16068, 0

LDP

\ 4
Input Label |Out Label (LDP),
(SID) Interface

16068 16,1




NMNopapepkka B TeKywnx npoaykrax Cisco

C—
= 5

NCS6000  CRS-3/CRS-X ASR9000 NCS5500 (NCS4000)

" enll

CSR1000v
XRV-9000

(NEXUS 7000) .
NEXUS 9000 FD.io

(Docker)

ASR1 ISR4000 / (cBRS8 :
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Circuit Optimization vs SR Optimization

Knaccuyeckum anroputm He acpdeKkTnBeH
TpebyeTca onpeaennTb CUCOK BCEX
TpaH3UTHbIX y35oB: {4, 5, 7, 3}
Het ECMP,
Ctapbin anroputMm u TexHonorua, ATM
alualn optimized

Ucnonb3yeTca SR-oNnTUMU3NPOBaHHbIN
anropuTtm
INo more circuit!
Recognized Innovation - Sigcomm 2015
SID List: {7, 3}
cisco ECMP, minimized SID list, IP-optimized



SR Policy <4 greers

« SR Policy onpegensaerca npu noMmoLwy Tpex <4 blue>
COCTaBSAOLWMX:

* The head-end (TO4ka NPUMEHUS NOSTUTUKN)
* The endpoint (Toyka HasHa4YyeHUS)
* The color (ob6s3aTenibHO Y1COBOE 3HAaYEHME)

- HenocpeacTteeHHo Ha head-end, SR Policy ogHo3Ha4HO
onpeaensieTcs cesaskon <color, endpoint>

- B kadecTtBe endpoint MoxeT 6bITb yKa3aH Kak IPv4 Tak
n IPv6 address

s,
CISCO



SR Policy - anMep SR policy (1.1.1.4, 20)
L
Path received via BGP signaling
preference 300
segment-routing binding-sid mpls 1000
traffic-eng weight 1, SID list <16002, 16005>
policy FOO weight 2, SID list <16004, 16008>
end-point ipv4 1.1.1.4 color 20
[ Dinding-sid mpls 100U Path received via PCEP signaling
path preference 400 r
preference 100 binding-sid mpls 1000
explicit SIDLIST1 SID list <16002, 16005>
preference 200
dynamic mpls Path received via NETCONF signaling
metric preference 500
type latency binding-sid mpls 1000
affinity SID list <16002, 16005> -
exclude-any red
(explicit—path name SIDLISTI1
index 10 mpls label 16002 7 N
index 20 mpls label 30203 FIB @ headend
index 30 mpls label 16004 Incoming label: 1000
\Action: pop and push <16002, 30203, 14004> )

s,
CISCO



Binding SID o
- Binding Segment aBnsaetca
dyHAamMeHTanbHbIM Of1I0OKOM AnAa paboTtbl SR-

TE

« Binding Segment - 3TO fioKanbHbIN CErMeHT
@ * VmeeT nokanbHoe 3HaveHue
« A Binding-Segment ID ccbinaetca Ha SRTE
Policy

« Kaxpaa SRTE Policy cBaszaHa 1-k-1 ¢ Binding-
SID

« [lakeTbl, nonyyeHHble ¢ MeTkon Binding-SID B
kadecTBe top label, aBTomaTn4yeckun
obpabaTtbiBatoTcss SRTE Policy, cBsizaHHOM C
Binding-SID
« Binding-SID label is popped, SRTE Policy’s

SID list is pushed

s,
CISCO



Binding SID

- Binding Segment aBnsaetca
dyHAamMeHTanbHbIM Of1I0OKOM AnAa paboTtbl SR-

TE

« Binding Segment - 3TO fioKanbHbIN CErMeHT

* VmeeT nokanbHoe 3Ha4yeHue

Binding-Segment ID ccbinaetca Ha SRTE
Policy

« Kaxpaa SRTE Policy cBaszaHa 1-k-1 ¢ Binding-
SID

« [lakeTbl, nonyyeHHble ¢ MeTkon Binding-SID B
kadecTBe top label, aBTomaTn4yeckun
obpabaTtbiBatoTcss SRTE Policy, cBsizaHHOM C
Binding-SID
« Binding-SID label is popped, SRTE Policy’s

SID list is pushed

s,
CISCO



Inter Area Path Computation with SLA

Ask: Provide latency optimized path across multiple AS’s from a source to a destination

Service Y

Service
Configuration

w/ SLA
Latency

with SLA X Get back SID-list Real Time

. . . ’ . Topology feed via
a Configuration of SR Policy Delegation to the BGpP Lgy
to Node 1 with SLA Latency ___ ~_._PCE fo_r_rgggt ________________ N
/ \ / \
(segment—routing \ ‘I
traffic-eng 5 :
policy POL1 |
end-point 9.9.9.9 color 10 |
path 1
preference 100 : :
dynamic mpls pce ! 14-15- 1617 |
metric X I :I :
\ type TE ) : |: |: I
| | |
el \ Regionl  } CORE A Region2 )

____________________________________



KoHTponnep SDN - XR Transport Controller (XTC)

MpunoxeHune

- LleHTpanuaayma cbopa gaHHbIX O WAE

TONONOMMM . ST WS @a@
XTC N

- CHop AaHHbIX O TONOMNOrnU C
MOMOLLbIO CTaHAAPTHbIX

- M

“CeBepHoe” API

. I'IporpaMMMpOBaHvle nyTn -J & j
cTaHgapTHbIM npoTtokonom PCEP >
“C6op AaHHbIX “TporpammupoBaHue”
M o Tononorun” PCEP
- [Nopoepxka Segment Routin BGP-LS
AR p g g ISIS / OSPF

- MynbTBEeHOOpHAas noaaepkka alvilne JUNIPEr H
CISCO S

s,
CISCO



On-Demand SR Policy

A service head-end automatically instantiates an SR Policy to a BGP

nhop when required (on-demand), automatically steering the BGP
traffic into this SR Policy

« Color community is used as SLA indicator

« Reminder: an SR policy is defined[(endpoint, color) ]

e \

BGP BGP Color

Next-hop @ Community

s,
CISCO



What is ODN

Intra and inter-area/AS On Demand Connectivity with SLA for L2 and L3 VPN

VPN LIVE
Site 1 / RGP \ 4

| O

“ % 3——*€

\_

VPN LIVE
Site 2

2

J

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002



Real Time Topology Feed

k eBGP

XTC - XR Transport Controller
PCE — Path Computation Element

ISIS ISIS (level-2)
AS 64001 AS64002

s,
CISCO

ISIS (level-1)
AS64002




vrf LIVE

VP N p rOV | S | O N | N g address-family ipv4 unicast

import route-target 1:303
export route-target 1:303

router bgp 64002
vrf LIVE

rd auto address-family ipv4 unicast
redistribute connected route-policy ODN-LATENCY

VPN LIVE
Site 1 / ) eBGP \

]

O

Al

PE10

(HC

€

K / eBGP \_

N

VPN LIVE
Site 2

B

172.10.2.0/24

J

ISIS ISIS (level-2)
AS 64001 AS64002

s,
CISCO

ISIS (level-1)
AS64002



BGP VPN routes distribution via Route

route-policy ODN-LATENCY
Route Reflector pass ey (100:777)
set community :
VPN v4 end-policy

VPN LIVE
Site 1 / \
ﬂﬂﬁi N
172.10.1.0/2 VPN LIVE
Site 2
_ LI - P
j72.10.2.0/24
ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002



PE1 process BGP VPNv4 172.10.2.0/24 nh

1AM 1N 1N 1N

if community matches-every (100:666) then
set mpls traffic-eng attributeset ODN-IGP
elseif
community matches-every (100:777) then
set mpls traffic-eng attributeset ODN-LATENCY VPN v4

Route Reflector

Yaer N [ ™
- O\ 7 £
172.10.1.0/2 VPN LIVE
Site 2
| o B
U \\/ 72.10.2.0/24
2N P)

K / eBGP

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002

s,
CISCO



PE1 process BGP VPNv4 172.10.2.0/24 nh

' if community matches-every (100:666) then segment-routing
' set mpls traffic-eng attributeset ODN-IGP traffic-eng
elseif attribute-set

community matches-every (100:777) = pce
set mpls traffic-eng attributeset metric type te
_ _ VIEIN V&
VPN LIVE
Site 1 eBGP

)

N
O

D

0

A
172.10.1.0/p4 VPN LIVE
Site 2
o Bk

K / — U \ j72.10.2.0/24

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002

s,
CISCO



PE1 ask PCE to resolve 10.10.10.10

wnth Q1 A 1o |
PCEP Path request ate

Source 1.1.1.1
Dest. 10.10.10.10
Path Selection metric T

|IIIIII|iiiiIIIIIII
PCE
f””’)'

Site 1 ( ~
L | PE1
ﬂaﬁa— 1.1.1.1 10003
172.10.1.0

24 »T

N

-

in
CISCO

ISIS

AS 64001

E

F 1 18006
' ‘\-___—/M\———‘/ g
eBGP

1 18005

~

-

— 18007 ;

—

1 18008 ;

—/

ISIS (level-2)
AS64002

\_

<

18010

| 10.10.10.10

VPN LIVE
Site 2

— B

172.10.2.0/24

J

ISIS (level-1)
AS64002



PCE reply with the SID list

PCEP Path reply

[16003, 24050,
18006,18010]

VPN LIVE
Site 1

Al

172.10.1.0

—— PE1
1111

24

.

k\ )

/\;@{

XTC
/ PCE

16003  F 1 18005

24050

— -

- E 18006 |

in
CISCO

ISIS

AS 64001

N\

VPN LIVE
Site 2

— B

172.10.2.0/24

J

—! 18007 | l
18010
| 18008 | 10.10.10.10
ISIS (level-2) ISIS (level-1)
AS64002 AS64002



PE1 install the SR Policy

and assign a Binding SID the SR policy

VP

co

172.10.1.0§2

& G '
VPN LIVE
A Site 2
O el afn
\

172.10.2.0/24

eBGP \ )

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002

s,
CISCO



PE1 steer 172.10.2.0/24 vpn traffic on top of it

Recursion via label with Binding SID

172.10.1.0 VPN LIVE
Site 2

Bl

172.10.2.0/2.

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002



W h at I f We C h an g e S LVAL?agdress—family ipv4 unicast

import route-target 1:303
Hp- : export route-target 1:303
VPN provisioning
router bgp 64002
vrf LIVE
rd auto address-family ipv4 unicast
redistribute connected route-policy ODN-IGP

o

VPN LIVE ~\ — N
Site 1 / ) \ eBGP \
A
172.10.1.0p4 VPN LIVE
Site 2
1 e0 )| B
v % 172.10.2.0/24

K / eBGP - /

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002

s,
CISCO



BGP VPN routes distribution via Route

Reflector Route Reflector

VPN v4

pass

route-policy ODN-IGP

set community (100:666)

end-policy

VPN LIVE
Site 1 / W

.
C )N

M X

10.10.1.0/21
K /}A

-

PE10

~

ISIS ISIS (level-2)

AS 64001

AS64002

\_

VPN LIVE
Site 2

- BEa

10.10.2.0/24

J

ISIS (level-1)
AS64002



PE1 process BGP VPNv4 172.10.2.0/24 nh

1010 1N 1N

if community matches-every (100:666) the segment-routing
set mpls traffic-eng attributese @ Rd traffic-eng
elseif N attribute-s @
-

community matches-every (100:777) then pce
set mpls traffic-eng attributeset ODN-LATENCY metric type igp

VPN LIVE
Site 1

M

172.10.1.0/

-

N\ )
7 £
g a0 | L Elaem

K / ~— / \ )72.10.2.0/24

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002

C
o/

s,
CISCO



PCE reply with the SID list

PCEP Path reply
[16003, 24050, 18010]

VPN LIVE
Site 1

Al

172.10.1.0

—— PE1
1111

.

24

k\ )

16003 r

<

w E 18006 |

ISIS

AS 64001

in
CISCO

= =

24050

XTC
”””””’_ PCE

1 18005

1

N\

-

—! 18007
18010
{ 18008 ; | 10.10.10.10

— / U

-

VPN LIVE
Site 2

— B

172.10.2.0/24

J

ISIS (level-2)
AS64002

ISIS (level-
AS64002

1)



XTC always optimize the path
In term of label stack anc

A = P
. \-qmn- O

' 172.10.2.0/24
\ eBGP

ISIS ISIS (level-2) ISIS (level-1)
AS 64001 AS64002 AS64002




BBeaoeHne B SRV6



PocTt IPv6-Tpaduka

s,
CISCO

h

IP q
Metro/Core Legacy
Network DC

IPv6




SRv6 — Segment Routing + IPv6

« Simplicity
* Protocol elimination
« SLA
: « FRRand TE
SRv6 for anything else

« Overlay

IPv6 for reach . NFV
« SDN

« SR is de-facto SDN architecture
« 5G Slicing

s,
CISCO



SR onga Bcex BO3MOXXHbIX
3aJau
CeTb KakK KOMMbKTEP



CeTeBast UHCTPYKUUA

Locator Function(arg)

« 128-bit SRv6 SID
* Locator: onpeagensiet nyTb y y3ny, BbINONHsAKOWEMY hyHKLUIO
* Function: nob6asa yHKUMA (C onuMoHaribHOM nepeaavyen apryMmeHToB)
either local to NPU or app in VM/Container
+ [nbkoe onpepenHue bit-length rpaHunubl

s,
CISCO



CeTeBas nporpamma

Cnepyrowmn ‘ Locator 1 Function 1

CermMmeHT
Locator 2 Function 2

Locator 2 Function 2




CeTeBas nporpamma

Locator 1 Function 1

Locator 2 Function 2

Cneaoyowun ‘

CermMeHT

Locator2 Function2
—— "O-M

- ﬂ""‘.




CeTeBas nporpamma

Locator 1 Function 1
Locator 2 Function 2

Creayiouin  mmmp
CermMmeHT
Locator 2 Function 2

o = e sShn

S Locator 3 Function 3




SR 3aronoBoK

Segments Left

Locator 1 Function 1
Locator 2 Function 2

Locator 3 Function 3

Metadata TLV

s,
CISCO

Internet-Draft IPve Segment Routing Header (SRH) September 2016
@ 1 2 3
212324567 8%8123245678%812345678%81
Lkt ks Sl (e Nt da S s St H M ik dnds s skttt s el M st s sl s ais il st s sk Ml i o
| Mext Header | Hdr Ext Len | Routing Type | Segments Left |
B e el e s et SE e
| First Segment | Flags | RESERVED |
e ettt L e P e e s
| |
| Segment List[@] (128 bits IPvE address) |
| |
| |
e ettt L e P S
| |
| |
| |
| |
R e e Bl it sl ol S s Tt et M el b St (el et A St el e e i sk s b et bl bl e St o
| |
| Segment List[n] (128 bits IPv6 address) |
| |
| |
R e e Bl it sl ol S s Tt et M el b St (el et A St el e e i sk s b et bl bl e St o
I i
i Optional Type Length Value objects (variable) I
I 1
Lkt ks Sl (e Nt da S s St H M ik dnds s skttt s el M st s sl s ais il st s sk Ml i o




SRv6 ona Bcex BO3MOXHbIX 3aaav

Segments Left

Locator 1 Function 1
Locator 2 Function 2

Locator 3 Function 3

Metadata TLV MawiunHa
TbrOpUHTa

s,
CISCO



Segments Left

Locator 1 Function 1

— Optimized for HW processing

HOCElel 2 SUnele 2 e.g. Underlay & Tenant use-cases

Locator 3 Function 3

__ Optimized for SW processing
e.g. NFV, Container, Micro-Service

Metadata TLV

s,
CISCO




SR Header

|||||||||
CCCCC



SR-IPv6

- SR-IPvV6: cnncok cerMeHTOB XpaHALMXCA B HOBOM (6e3onacHom)
3aronoBke Routing Header

« Segment Routing Header (SRH)
- CyLwecTBYHOT ABe onuuu ucrnonb3oBaHna Segment Routing B v6 ceTsax
* |[Pv6 control plane with a MPLS dataplane
[ * |[Pv6 control plane with a IPv6 dataplane ]

e
CI5CQ



0 1 2 3
01234567890123456789012345678901
e

|version| Traffic Class Flow Label

e ST S S s S ot s S e
v6 Header N T

e T S

[
Source Address
N
I
+

|
|

- Next Header (NH) e
| |
]
]
]

Destination Address

|
° OHPEAGHHET nocrieaymouiue 3aroysioBgkum I
N

s e S e e D e S

s,
CISCO



0 1 2 3
01234567890123456789012345678901
s S s E sy

|Version| Traffic Class | Flow Label
V s S S S s T S

| Payload Length | | Hop Limit
e S o O o S S S

Source Address

|
+
| |
| |
| |
| |
B s St MR S
| |
| Destination Address
| |
| |
+

s S

0 1 2 3
01234567890123456789012345678901
s S s E sy

|Version| Traffic Class | Flow Label
e e s s
| Payload Length | Next Header | Hop Limit

s

Source Address

|
+
| |
| |
| |
| |
B s St MR S
| |
| Destination Address
| |
| |
+

s S

s,
CISCO



NH = TCP

s,
CISCO

0 1 2 3
01234567890123456789012345678901
e S s e S S Y

|version| Traffic Class | Flow Label

e S s S
| Payload Length | | Hop Limit |
e s S o e e

Source Address

|
|
|
|
e 2 S St
|
Destination Address
|
|

l

l

l

l

+

l

l

l

l

B 2 S s e St S SRS S S S
L T o s e e s s RS
| Source Port | pestination Port
B e e S e oT e S
| Seguence Number |
T T T S TRy
| Acknowledgment Humber |
o B e L L S e e
| Data | |ula|e|r|s|F| |
| offset| Reserved |R|C|S5|S|¥|I| Window [
I | |G|x|®|T|w|0| I
S S SN A
| Checksum | Urgent Pointer
e T S T s e S S S
[ Options [ Padding [
T T . T T I T S T e
| data |
i T e s e T i D s e T Y



NH = Routing Extension

« Generic routing extension header
Defined in RFC 2460
Next Header: UDP, TCP, IPv6...

Hdr Ext Len: Any IPv6 device can skip this header
Segments Left: Ignore extension header if equal to O

« Routing Type field:

0

A W N P

CISCO

Source Route (deprecated since 2007)
Nimrod (deprecated since 2009)
Mobility (RFC 6275)

RPL Source Route (RFC 6554)
Segment Routing

0 1 2 3
01234567890123456789012345678901

e e s S s o e
|version| Traffic Class | Flow Label

T S S T S S S S S
| Payload Length [ o | Hop Limit |
s e S s e e S

Source Address

|
i
l
i
B e S s e S IR S
i
Destination Address

i

|

B = e S

== =t=t=%=1s =t+—+—-+
Routing Type)| (Gegments Left) |
e i T o e

type-specific data

e . S S S S



NH = SRv6

NH =43, Type = 4

s,
CISCO

A

RFC 2460

SR sqecific

0 1 2 3
01234567890123456789012345678901
o o o S S S

|version| Traffic Class | Flow Label
s JEC N S B s S S
| Payload Length | | Hop Limit |

B s e S e e = e e S I S
| |
| Source Address

| |
I |
e e s e S
|
|
|
|

Destination Address

B S S S e e
i T s s o =ttt ettt —F bttt
Wext Header | Hdr Ext Len |®| Segments Left |
s e s T N R e i i =SS SRR R R
| Pirst Segment | Flags |  RESERVED |
totmtmtetetetatatetetetatetetetetatetetetet et etetetetedeteteteted
} type-specific data }
} Segment List(0) (128 bits IPv6 address) }

e T et B e
totmtmtetetetetetetetetetetetetetatetetetatatetetetetetetetetatat

totateatatatatatatatatatatatatatatatatatatatatatatatatatatatatatat
| |

| Segment List[n-1] (128 bits IPv6 address)

| |

I |

totatatatatatatatatatatatatatatatatatatatatatatatatatatatatatatat
s /1
/! Opticnal Type Length Value objects (variable) 1/
/7 /7

bt edadatatatatatatatatatatatatatatatatatatatatatatatatatatatatatat



SRH

« SRH contains
* the list of segments
« Segments left (SL)
» Flags
« TLV

« Active segment is in the IPv6 DA
- Next segment is at index SL-1

- The last segment is at index 0
* Reversed order

s,
CISCO

0

1 2 3

01234567890123456789012345678901
e S s e S S Y
|version| Traffic Class | Flow Label
s S e S Tt S S

Payload Length | 43 | Hop Limit |

B 2 S s e ST S S SRS S S S

Source Address

I

I

I

I

B S S s s St SIS U S S
| |
| Active Segment |
I I
B 2 S s s Sty S S S S S S
e St s S S S A
| MHext Header | Hdr Ext Len | 4 | Segments Left |
et S e e S S S S A e
| Pirst Segment | Flags |  RESERVED
totmtmtmtatetatetetatetatetetetetatet et et et et etetetetetetetetetet
| |
| Last Segment |
I I
totmtmtetetetetetetetetetetetetetetetetetatetetetetetetetetetatet
|

-t

I
+
I
|
|

ot
//
/!
'y
ot

totatatatatatatatatatatatatatatatatatatatatatatatatatatat

I
Segment List[n~-1] (128 bits IPv6 address) |
I
I

totatatatatatatatatatatatatatatatatatatatatatatatatatatat

/17

Opticnal Type Length Value objects (variable) 1/

/7
tototatatatatatatatatatatatatatatatatatatatatatatatatatat



SRH Processing



Source Node

O~ -0

- Source node is SR-capable YT sa- AL, A= A2:

SR Hdr
« SR Header (SRH) is created with
« Segment list in reversed order of the path

» Segment List[ 0 ] is the LAST segment
* Segment List[n —1 ] is the FIRST segment

» Segments Leftissetton —1
* First Segmentissetton —1

 |IP DA is set to the first segment

S
I
©
p
o

« Packet is send according to the IP DA
* Normal IPv6 forwarding

s,
CISCO



Non-SR Transit Node

L —O O
Al:
IRVGEREhIM SA = Al:, DA = A2::
SIS/ (A4::, A3:;, A2::) SL=2

Payload

- Plain IPv6 forwarding
« Solely based on IPv6 DA

« No SRH inspection or update

s,
CISCO



SR Segment Endpoints_.  *
DO

« SR Endpoints: SR-capable nodes
whose address is in the IP DA [ 5~ 0A=

« SR Endpoints inspect the SRH and do:

* IF Segments Left >0, THEN
* Decrement Segments Left (-1)
» Update DA with Segment List [ Segments Left |
» Forward according to the new IP DA

S
I
©
p
o

s,
CISCO



SR Segment Endpoints
O—0— -0 -0

« SR Endpoints: SR-capable nodes
whose address is in the IP DA s o NS

« SR Endpoints inspect the SRH and do:

* IF Segments Left >0, THEN
* Decrement Segments Left (-1)
» Update DA with Segment List [ Segments Left |
» Forward according to the new IP DA

 ELSE (Segments Left = 0) |
* Remove the IP and SR header Standard 1Pv6 processing

* Process the payload: - The final destination does
th to be SR- ble.

* Inner IP: Lookup DA and forward ot have fobe sreeapable
+ TCP/ UDP: Send to socket

S
I
©
p
o

L]
s
CISCO



SRv6 Use-Cases



Endpoint

For simplicity

Function 0 denotes
the most basic
function

Shortest-path to
the Node

s,
CISCO

DC

-

PEER



Endpoint then xconnect to neighbor

= = ===

« For simplicity
« AK::CJ denotes

Shortest-path to the
Node K and then
x-connect (function C)
to the neighbor J

14

DC WAN PEER

-

s,
CISCO



TILFA

50msec Protection upon

local link, node or SRLG failure

Simple to operate and understand

« automatically computed by the router’s IGP process
» 100% coverage across any topology

* predictable (backup = postconvergence)

Optimum backup path
* leverages the post-convergence path, planned to carry the traffic
* avoid any intermediate flap via alternate path

Incremental deployment
Distributed and Automated Intelligence
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« SRV6 does not only
eliminate unneeded
overlay protocols

« SRV6 solves problems
that these protocols
cannot solve
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Integrated NFV

« A3::A32 means
* App in Container 32
e @ node A3::/64

- Stateless

* NSH creates per-chain state
in the fabric

SR does not

« App is SR aware or not
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Integrated NFV

« Integrated with underlay SLA
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Integrated NFV

« AG::A76 means
— App in VM 76
— @ node A5::/64

« Stateless

— NSH creates per-chain state
in the fabric

— SR does not

« App is SR aware or not
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Integrated NFV

« Integrated with Overlay
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Container
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SRv6 status
NIy
- Cisco HW

« ASR9k - XR CISCO

* ASRI1k - XE

- Open-Source
* Linux 4.10
* FD.IO
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O AktusHas pabota B IETF / Orange, Bell Canada, \
O Pabota B pamkax SPRING Deutche Telecom,
WG ' British Telecom,

O 25 IETF drafts released
0 Over 50% are WG
status
O Over 75% have a Cisco
implementation
UFirst RFC document - RFC 5 1
7855 (May 2016) '

Comcast, Google,
Facebook, Microsoft,
Yandex, Alcatel-Lucent,

k Ericsson, Juniper /
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