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Segment Routing MPLS a
SRVG6

Classic MPLS

Classic MPLS (LDP) kratké shrnuti
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MPLS

X ALEF

MPLS - Multi Protocol Label Switching

MPLS je prepinaci mechanismus kde sitové prvky pfepinaji pakety podle znaCek (MPLS
Labels) nesenych v hlavicce MPLS paketu.

MPLS Labels jsou obvykle svazany s cilovou IP adresou, mize to byt vSak L3/L2, QoS
skupina, MPLS TE Tunel, ...

Dynamicka alokace MPLS labeld, lokalni platnost

Puvodné Cisco proprietalni feseni, nasledné RFC standard, TDP->LDP, pfidany dalSi
funkcionality (L2VPN, mLDP, ..)

IETF's MPLS Working Group zaloZzena 1997
1998 Prvni nasazeni MPLS VPNs
1999 MPLS TE

e

RFC 3032 TC
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Label Encapsulation

- ,Label stack” je umisten mezi hlavickou druhe (L2) a treti vrstvy (L3)
- Zacatek ,label stack” (top label) je pfimo za L2 hlaviCkou

» L3 hlaviCka je umisténa bezprostredne za MPLS labelem s nastavenym
,S" bitem

* Veskery forwarding se vzdy odehrava podle ,top labelu”

MPLS Label Stack

MPLS Label [MPLS Label|MPLS Label DATA
s=0 s=0 s=1
MPLS_LabeI MPLS_LabeI DATA
s=0 s=1
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Classic MPLS a jeho slabiny

- Komplikovany control plane (LDP, RSVP-TE)
— LDP

= dalsi protokol k IGP

= nutno resit LDP-IGP synchronizaci
— RSVP-TE (RSVP)

= Komplikované nasazeni i nasledna udrzba (troubleshooting),
omezena skalovatelnost

= Problematicke rozkladani (ECMP)

= MPLS FRR pro rychlou konvergenci Casem “nahrazeno” IP LFA/R-
LFA

* Neresi ,Microloop avoidance”
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Segment Routing MPLS a
SRVG6

Segment Routing

Obecny uvod
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Proc Segment Routing ?

» Zjednoduseni
— automatizace: TILFA sub-50msec FRR
— eliminace pouzivanych protokolu: LDP, RSVP-TE, VXLAN, ...

 Application Engineered Routing

— Skalovatelnost — sit nedrzi zadnou stavovou informaci ,per-flow* pro
Traffic Engineering Ci NFV

— Bezstavovost - Source Routing — cesta (topologicka a/nebo sluzeb
(NFV)) je kdbdovana primo v hlaviCce paketu

— Programovatelnost

— Jednoducha konfigurace a troubleshooting

+ Lze nasadit ,End-to-End”
— DC, Metro, WAN
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Co je to ,,Segment Routing* ?

« Source Routing

— zdroj urCi cestu, kterou ma paket pouzit a zakoduje ji do jeho hlavicky
jako usporadany seznam.

— zbytek sité pouze provadi instrukce zakédovane v hlavicce paketu

* Segment
— Jednotliva instrukce (forwarding Ci sluzba)

« Segment List
— usporadany seznam instrukci
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Segment Routing Data Plane
« MPLS -> SR-MPLS

— uspofadany seznam segmentu je reprezentovan jako MPLS label stack
= 1 segment =1 MPLS label, segment list = MPLS label stack

— Segment Routing vyuziva MPLS data plane (bez jakychkoliv zmen)

— Segment je reprezentovan jako MPLS label

— Lze aplikovat jak IPv4 tak i IPv6

* IPv6 -> SRv6

— usporadany seznam segmentu je vloZzen do ,routing extension header” v IPv6
hlaviCce paketu

= 1 segment = 1 adresa, segment list = usporadany seznam adres v SRH
— RFCB8200 — ,Routing Header” Cast
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Kombinace IGP Segmentu (MPLS)

- Kombinaci Globalnich a Lokalnich segmentu Ize poslat provoz libovolnou
cestou v siti

- Cesta je Segment list - seznam Segmentu (zde stack MPLS labelu)
- Cesta neni vysignalizovana/postavena (LSP)
- Sit nedrzi ,stav” pro konkrétni flow | 16008 |

24045
Packet to 5

24045
5

Packet to 5

16004 24045

All nodes use default SRGB 16.000-23.999
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Segment Routing MPLS a
SRVG6

Segment Routing
SRV6

IPv6 Data Plane
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SR for IPv6 Dataplane

« Segment Routing pro IPv6 Dataplane

— SID je definovan jako 128 bit IPv6 adresa (Zadny label, zadny MPLS
Data Plane, Cisté IPv6)

— Vyrazne jednodusSi z pohledu signalizace — propaguje se pouze IPv6
prefix (prefix je SID)

IPv6 Hdr

« Segmenty jsou ulozeny v IPv6 hlaviCce
— zavadi se novy ,Routing Extensions Header” typ
= Segment Routing Header (SRH)
= Obsahuje Segment List
= VELMI blizké predchozimu standardu RFC2460 SR-IPV6 SR-MPLS

IPv4 or IPv6
Hdr

PAYLOAD PAYLOAD

X ALEF 12



Prefix Summarization

* Navrat s zakladnim principum IP smérovani a sumarizaci
* Nepotrebujeme BGP inter-AS Option A/B/C, BGP-LU

® oF

Gl |SIS ISIS
.. | Summary B:1:1::/48 Summary B:2:2::/48
; ;
~ METRO 1 Core METRO 2
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IPv6 SR Header

* IPv6 hlavicka

— Next header pole: co
nasleduje v dalsi hlaviCce

— Destination address

X ALEF

0 1

©01234567890123456789012345678901

2

3

t-t-t-t-t-dototot-t-t-F-t-t-t-t-t-t-t-t-t-t-F-F-t-t-t-F-F-+-+-+-+

|version| Traffic Class
Gk T SR A
| Payload Length
Gk T T I S AR
I
I
I
|
Gk T T I S AR
I
I
I
|

+-t-t-totobototot ot -t +-

| Flow Label
F-t-t-+- -
Next Header
Fot-t-+- ' -
Source Address

tot-tott-t -ttt -ttt -+

Destination Address

e e e S SR b R

+

+

_+_+_
Hop
_+_+_

-—4-4-

-4 -4-

+-4-4-
Limit
+-t-4-

+-t-+-

+-4-+-

+

+

+

I
+
I
I
I
I

+

I
I
I
I
+
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IPv6 SR Header

* |Pv6 hlavicka

X ALEF

— Next header: 17 -> UDP

0 1 2 3
©12345678901234567890123456789601
R EF SRR SR SR S SR TR SR W WS R WA WS WRYE SRS RS TS ASYE SRYE TS SE SRR S SRR S S N S SRS
|Version| Traffic Class | Flow Label |
SRS SF SR SR SR SR TR R WA W ST WA WA W o ctmdeb bttt
| Payload Length Hop Limit |
P PSR R P PR P S
|
|
|
|

+

|

|

|

|
Fotot-t-t-+ Fodot-dotodotototot-tot-t-t-+
| |
| Destination Address |
| |
| |
+

-+-F- R e T R el e L L E e s
=+

Source Port Destination Port
-ttt -F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F—F-F-F-F—F -

Length | Checksum
-ttt -t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F—F-F-F—F—F -+~
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IPv6 SR Header

* |IPv6 hlavicka
— Next header: 6 ->TCP

X ALEF

0 1 2 3

©1234567890123456789012345678901
Fodododododododododod-dodododododbodod ot bt b bt ot -d -+
|Version| Traffic Class | Flow Label |
Fodododddodbodbodododtodtot ottt P PR P S
| Payload Length Hop Limit |

ST S PR P RS
|
Source Address |
|
|

F-t-t-t-+-+-+-+-t-t-t-F-F-F-t-t-F-F-+-+-+-+

+

|

|

|

|
Fodot-dotototot -t
|

| Destination Address |
|

|

+

-+ o = 4~
N N YA YR A S S N SR R AR AR S SRR Y AR €
| Source Port | Destination Port
+ A S N S YRR AR N AR R
| Sequence Number |
+ A S N S YRR AR N AR R
| Acknowledgment Number |
R N N A A A R N S YR AR AR YR S SRS
| Data | [U|A[P|R|S|F]| |
| offset| Reserved |[R|C|S|S|Y|I] Window |
|
+
|
+
|
+
|

1
+
1
+

1
+
1
+

| |GIK[H|T[N[N| |
O ah ok S ST S S A S et ok b OF TF TF TS
Checksum | Urgent Pointer |

O ah ok S ST S S A S et ok b OF TF TF TS
Options | Padding |

O Tk ok S S T S T S ok of TF TF TF s
data |

Sk Tt It Tt ST S S e e s ok ok (F F S e
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IPv6 SR Header

IPv6 hlavicka

X ALEF

Next header: 43 -> Routing

IPv6 Routing extension header

Generic header format defined in RFC 2460
= Next Header: IPv4, TCP, UDP, ...

= Hdr Ext Len: Any IPv6 device can skip
this header

=  Segments Left: Ignore extension
header if equal to O

Specific data depends on
field:

= 0 - Source Route (deprecated since
2007)

= 1 — Nimrod (deprecated since 2009)
= 2 - Mobility (RFC 6275)

= 3-RPL Source Route (RFC 6554)
= | 4 - Segment Routing

0 1 2 3

©12345678901234567890123456789601
S R A A E A YR AR SR
|Version| Traffic Class | Flow Label |
A A R R P S A R A R N SR
| Payload Length Hop Limit

N S S E A R AR AR A R A A R
| Source-Address |
g < S A R R SN YU AR W A S R RS
| Destination Address |
N R N S SRR AR YR A A R RaES

St b oot oo bbb b oo o o - l—l————— -+ - 4 ===

| Next Header | Hdr Ext Len Segments Left |
R T e e i e e o

Type-specific data
5 T
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IPv6 SR Header

« IPv6 hlaviCka
— Next header: 43 -> Routing

« IPv6 Routing extension header
— Generic header format defined in RFC 2460
= Next Header: IPv4, TCP, UDP, ...

= Hdr Ext Len: Any IPv6 device can skip
this header

=  Segments Left: Ignore extension
header if equal to O

— Specific data depends on
field:

= 0 - Source Route (deprecated since
2007)

= 1 — Nimrod (deprecated since 2009)
= 2 - Mobility (RFC 6275)

= 3-RPL Source Route (RFC 6554)
= 4 - Segment Routing (RFC8754)

X ALEF

0 1 2 3

©12345678901234567890123456789601
T T T T e S O ot it ok ot (T T S A S S TS S S
|version| Traffic Class | Flow Label
T T T It (of T I S S S —— T T
| Payload Length Hop Limit |
T Tk o0 (I SER SRR AR AR AT T A M A
| |
| Source Address |
| (128 bit) |
| |
S In ok Tt S e D ot s ok ot T T S A S e e
| |
| Destination Address

| (128 bit) |
| |
R et ek et T T T B S s Ik b it sk T S S e A S A S S
S n ek T S L L o WU WA RIS S ST T SR
| Next Header | Hdr Ext Len z1 Segments Left |

I B EEm RE NE REe SR

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

[
b
+
+
+
+
+
+
+
+
N\

| First Segment | Flags | Tag
s s Tt e e e e s st Sl S S e e e e N Ak I Tt Tl

| Segment List[@] (128 bits IPv6 address)

t-t-t-t-t-t-t-t-F-t-t-t-t-F-t-t-F-F-t-t-t-t-F-t-t-F-F-t-t-F-F-+-+

. .

. o o0 .

B et et et T S S B B S B B S s [k (T T S A Aol Ao S S S S
| Segment List[n-1] (128 bits IPv6 address)
s e Tk T T e Tl A s S T e e e e S e R it

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

|

SR specific

// //

Bl B e e e e Ll el R

RFC 2460
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IPv6 SR Header

X ALEF

IPv6 hlavicka
— Next header: 43 -> Routing

— First Segment
= Pointer to very first SID

Pointer to the First segment

(= last record in the SRH)

%]

1 2

3

©1234567890123456789012345678901

S S S S S R
|version| Traffic Class | Flow Label
Fotod ot bbbt b - pr—————— = = = o=
| Payload Length zl:g Hop Limit |
Fobod ottt bbb bbb - o - Wp——— - -
| Source Address |
| (128 bit) |
ko et Tt It S S &
| Destination Address
! (128 bit) |
Next Header | Hdr Ext Len zl m |
e + = = = = = 4 = - Srp—t—t————— Ambofododododo
First Segment | Flags | Tag
T T T s < ok o ot T e Sae
“Last Segment” = Final Destination
Segment List[@] (128 bits IPvé address) |
e S S S R S

Segment list [

] (128 bits IPv6 addr)

“First Segment”

|
—F-t-F-t-F-t-F-t-F-Ft-F-F-F-Ft-F-t-F-t-F-Ft-F-F-F-F-t-F-+-t-+-F+-+-+
|
|
|

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

—t-d-t-d-t-f-t-f-t-f-t-d-t-f-t-f-t-f-t-f-f-f-t-f-f-f-t-f-t-f-4-4

/
/
/

Optional Type Length Value objects (variable)

//
//
//
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SRv6 Dataplane # n

0 1 P 3 .
01223245678 3%012345e785%0123456785%01 ¢ 'S;EEEJrT]GEr]i: L-Eaft - UI‘(EiquE3 r]Ei
b T e s sl e T e e e e e A ———— ———— .
| Next Header | Hdr Ext Len | Eouting Type Segments Laft aCtIVE Segment V Segment
—_— —_—— : —t bt — bbb b — ——— —— =
Last Entry | Flags | Tag | LIStu
- tlei, e —t—t—t -ttt — bbb bbb -+

* Meéni se POUZE hodnota
| ukazatele — tj. radek Segments

|

I

| List [xxX] se neodstranuje jako
v pfipadé MPLS labell

« Posledni Segment SR Policy
(index = 0)

* Prvni Segment SR Policy

Segment List[0] (128 bits

Iy Optional Type Length Value objects (variable) I . _
/7 /1 (index = n)

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF 20



SRv6 Dataplane # n-1

U 1 P 3 °

0122324353678 8201:23456678%012345e785%01

+—+-+—+—+-+—-+—+—+—-+—+—+—+—+—+—+—+—+—+—+—4+—-F—+—+- m— s

| Hext Header | Hdr Ext Len | ERouting Type | Segments Laft

t—t—t bt — bt —t— bt — b —F— bt —F — o F — b——t— e

| Last Entry | Flags | Tad I

+—t—r—t—t—t—t— -t —+—F= —t—t—t—t— bbb — bbb — b -+

| I

I Segment List[0 1268 bits IPve address) ¢

| I

| I

+—+-+—+—+-+—+—F<+-4+—+—+—+—-+—+—+—+—4—+—+—4—-F—+—+—-F—-+—-+-4+—+—+—+-+

I [

| I
+———+—+—+———+—+—+—+—+—+———+—+—+———+—+—+———+—+—+—+—+—+———+—+—+—£\\\ °

I
Segment List[n] (128 bits IPv6 address) I
I

+—+———+—+—+———+—+—+—+—+—+———+—+—+———+—+—+———+—+—+—+—+—+———:t:?¢>*\\\ °

—
I
|
I
|

£ £
Iy Optional Type Length Value objects (variable) L
£ I

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF

Segment Left |- ukazuje na

active Segment v Segment

Listu

Meéeni se POUZE hodnota
ukazatele — tj. radek Segments
List [xxX] se neodstranuje jako

v pripadé MPLS labelll

Posledni Segment SR Policy
(index = 0)

Prvni Segment SR Policy
(index = n)

21



SRv6 Dataplane # n-2 ....

glE]-éEuE'-‘S?é'.EBéEETE5512345E?EE§1 ° SegmentLeft_Ukaquena

b T e s sl e T e e e e e A ———— ———— .
| Next Header | Hdr Ext Len | EREouting Type J Segments Laft aCtIVE Segment V Segment
ot —r bt — b —t— b — b — b b — — S — <} — b——t— —— =

| Last Entry _ | Flags | Tag | LIStu

+—t—r—t—t—t—t— -t —+—F= —t—t—t— Tt bt — bbbt —F+—+

« Méni se POUZE hodnota

I . v
e e e S e e el e et el T e +—+—+———+—+—+—-!— Ukazatele — tj. radek Seqments
| List [xxX] se neodstranuje jako

) v pripadé MPLS labelll

Segment Listk&] (128 bits IPvé address)

I
|
I
|
-
|
|

+———+—+—+———+—+—+—+—+—+———+—+—+———+—+—+———+—+—+—+—+—+———+—+‘+"'\ ® POSIean’ Segment SR POIICy

+_

| I

| Segment List[n] (128 bits IPvé address) I : —_

| | (index = 0)
I

I
:::;+___+_+_+___+_+_+_+_+_+___+_+_+___+_+_+___+_+_+_+_+_+___:h+f;\ ° Prvnl’ Segment SR POIiCy

£ Optional Type Length Value objects (variable) Iy . _
7y /7 (index = n)

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF 22



SRv6 Dataplane # 3

|‘_:
01 2

+—

+—

4 —

|
I
|
I
+—
I

1 2 3

2456678 9%01234536678%0123456785%01
+—+—+—+—+—-+—+—++—+—+—+—+—+—+—+—-+—+—+—+—F—+—+-
HNext Headear | Hdr Ext Len | Eouting Type
+—t—t—t—t—t et —t— bt — b —p— b —F — £ —
Last Entry | Flags |

et ot SRR R S

| Segments Laft

I I

I I

Segment Lis#{0] (128 bits IPvé address)

I
R . e T S e LT TP e S e
[

|
|
-
|
I
|
I

+—
’f
!
rf

-

X ALEF

L
I
+———+—+—+———+—+—+—+—+—+———+—+—+———+—+—+———+—+—+—+—+—+———+::j:?$\\\ ®

I
Segment List[n] (128 bits IPv6 address) I
I
I

t-r—t—t—t—t ottt ot —F—b—t—F—F—t—d—d—F—t—t—F—t—dt—t—F—t—+—F

°
i
Optional Type Length Value objects (variable) I
A
e e B e S aoe s e S e T A Ak s s sl Rk s e ET

Segment Left |- ukazuje na

active Segment v Segment

Listu

Meéeni se POUZE hodnota
ukazatele — tj. radek Segments
List [xxX] se neodstranuje jako

v pripadé MPLS labelll

Posledni Segment SR Policy
(index = 0)

Prvni Segment SR Policy
(index = n)
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SRv6 Dataplane # 2

0 1 2 3

01223245678 3%012345e785%0123456785%01
+—+-+—+—+-+—-+—+—+—-+—+—+—+—+—+—+—+—+—+—+—4+—-F—+—+- m— s
| Hext Header | Hdr Ext Len | Routing Tyvpe | Segments Laft
t—t—r bt — bt —t— b — b —F— b — — T — b———— e
| Last Entry | Flags | Tad I

e st ST SR A R

I

I Segment E15t[0] (128 bits IPvé address)
I

I

+ -

4o bt —t—t—pmd ot mbmt et m b b —F b m b m b m b = PGt b —d b — k=
L
| I
|
T e e i s s bt S T e ®
|
|

I
Segment List[n] (128 bits IPv6 address) I
I
I

tot—F—t—t—d bt ottt —d ottt -ttt —F—t—t—F bt —F—+—F—F

°
£ £
Iy Optional Type Length Value objects (variable) L
£ I

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF

Segment Left |- ukazuje na

active Segment v Segment

Listu

Meéeni se POUZE hodnota
ukazatele — tj. radek Segments
List [xxX] se neodstranuje jako

v pripadé MPLS labelll

Posledni Segment SR Policy
(index = 0)

Prvni Segment SR Policy
(index = n)
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SRv6 Dataplane # 1

0 1 P 3

01223245678 3%012345e785%0123456785%01
+—+-+—+—+-+—-+—+—+—-+—+—+—+—+—+—+—+—+—+—+—4+—-F—+—+- m— s
| Hext Header | Hdr Ext Len | ERouting Type J} Segments Laft
t—t—t bt — bt —t— bt — b —p—F— bt — — 2 F — 4 — b——t— e
| Last Entry | Flags | Tad I

e st ST SR A R e L e S T e

|

|

+—t—F—t—t—F—t—F—F—F—t—F—F—F—F—t—F—F—t—F—F—F—F—F—F— -t —F—F—F—+—+—+
| I
I Segment List[n] (128 bits IPvé address) I
| I
I

+—+———+—+—+———+—+—+—+—+—+———+—+—+———+—+—+———+—+—+—+—+—+———:t:?¢>*\\\ °

£ £
Iy Optional Type Length Value objects (variable) L
£ I

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF

Segment Left |- ukazuje na

active Segment v Segment

Listu

Meéeni se POUZE hodnota
ukazatele — tj. radek Segments
List [xxX] se neodstranuje jako

v pripadé MPLS labelll

Posledni Segment SR Policy
(index = 0)

Prvni Segment SR Policy
(index = n)
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SRv6 Dataplane # 0O (last)

0 1 P 3
01223245678 3%012345e785%0123456785%01
+—+-+—+—+-+—-+—+—+—-+—+—+—+—+—+—+—+—+—+—+—4+—-F—+—+-
| Hext Header | Hdr Ext Len | Eouting Type
B e S S e ot e

| Last Entry

L.Eegmen() Laft

|

|

+—t—F—t—t—F—t—F—F—F—t—F—F—F—F—t—F—F—t—F—F—F—F—F—F— -t —F—F—F—+—+—+
| I
I Segment List[n] (128 bits IPvé address) I
| I
I

+—+———+—+—+———+—+—+—+—+—+———+—+—+—+—+—+—+———+—+—+—+—+—+———:t:?¢>*\\\ °

! i
Iy Optional Type Length Value objects (variable) I
rf !

e S e R A s e e S S B B e A s s o it s P S P S

X ALEF

— ukazuje na

Segment Left

active Segment v Segment

Listu

Meéeni se POUZE hodnota
ukazatele — tj. radek Segments
List [xxX] se neodstranuje jako

v pripadé MPLS labelll

Posledni Segment SR Policy
(index = 0)

Prvni Segment SR Policy
(index = n)
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Network instruction

[ Losator | Funcion (Arg)

» 128-bit SRv6 SID
— Locator (horni cast ze 128b SIDu): smerovan k uzlu, ktery provadi
Funkci
— Function (dolni cast ze 128b SIDu): libovolna funkce (pripadnée
doplnena o argument)
= vykona lokalne NPU cCi aplikace ve VM/Container

LI 40"V 4

« Hranice Locator/Function obecnée je flexibilni

Locator Function
1111 : 2222 : 3333 : 4444 : 5555 |6666 : 7777 : 8888

X ALEF

27



Forwarding — Source Nodeﬂ

OO0

¢ ZdrOj je SR'CapabIe YL SA = AL:, DA = A2:
. (A4::, A3::, A2::) SL=2
- SR Header (SRH) obsahuje Payload

— Segment list v obraceném poradi nez je cesta
= Segment List[ 0 ] is the LAST segment
= SegmentList[n —1]is the FIRST segme

—  Segments Left nastaven n — 1 o\ Version  Traffic Class Flow Label
s 9 T Payload Length Next = 43 Hop Limit
- ,,FlrSt Segment“ naStaven n - 1 E Source Address = Al:
- |Pv6 Dest Adresa je FIRST segment Jestination Address = A2
Next\Header Len=6 Type =4 SL=2
« Packet je odeslan k IPv6 Dest. Adrese ] Firstx2 Flags 1V
— Normalni IPv6 forwarding o Segment LIt[0]=Ad4:

SegmentList[1] =

Segment List [ 2¥= A2::

X ALEF
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Forwarding - Non-SR Tranﬁit Node

. —0 - -
Al::
IVeRale[d SA = Al::, DA = A2::
SR8l (A4::, A3, A2::) SL=2

Payload

- Cisty IPv6 forwarding
— Vyhradné podle IPv6 dest. adresy
— Neprovadi se zadna inspekce ani modifikace SRH

X ALEF
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Forwarding - SR Segment Endpﬁ)ints

* SR Endpoints: SR-capable uzel jehoz

adresa je dst. adresou v paketu

* SR Endpoints zpracuje SRH a:

— IF Segments Left > 0, THEN

= Decrement Segments Left (-1)

= Update DA with Segment List |
Segments Left ]

= Forward according to the new IP DA

X ALEF

OO0

[V lale[@ SA = Al:;, DA = A3::
(A4::, A3::, A2::) SL=1

Version  Traffic Class Flow Label
Payload Length Next = 43 Hop Limit
Source Address = Al::
Destination Address = A3::
Next Header Len=6 Type =4 SL=1
First = 2 Flags TAG
Segment List [ 0 | = A4::
Segment List[ 1] = A3::
Segment List [ 2] = A2::

IPv6 Hdr
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Forwarding - SR Segment Endpointsﬂ

* SR Endpoints: SR-capable nodes whose address is in @ ’O - -
the IP DA -

- SR Endpoints inspect the SRH and do: SRR A = AL DA= Al
SR8 (A4::, A3::, A2::) SL=0
— IF Segments Left > 0, THEN
= Decrement Segments Left (-1)
= Update DA with Segment List [ Segments Left ]
= Forward according to the new IP DA

o Version Traffic Class Flow Label
T Payload Length Next = 43 Hop Limit
- E Source Address = Al::
— ELSE (Segments Left = 0) - Destination Address = A4::
= Remove the IP and SR header Next Header Len=6 Type = 4 SL=0
. . Standard IPv6 processing o L
Process the payload: — The final destination does '% First = 2 Flags st
o InnerIP: Lookup DA and forward | ot have to be SR-capable. = Segment List [ 0] = A4::
o TCP/UDP: Send to socket wn Segment List[ 1] = A3::
; Segment List [ 2] = A2::

X ALEF 31



Interoperability

* Neni treba aby vSechny uzly pres které protéka provoz ,,umeély*

SRvV6
 Priklad:
— Traffic Engineering z A do H cestou ,ABCFGH"
— Uzly ~, C a’ rozumi SRv6

— Uzly B, D, E, G a H zajistuji Cisty IPv6 forwarding

X ALEF
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Full SID priklad konfigurace — |IOS-XR

1
segment-routing
srvé
logging locator status
locators
locator MyFulllLoco1l
prefix fc00:ab00:2::/64

is-type level-2-only
net 49.0001.0000.0000.0002
I

metric-style wide
segment-routing srvé
locator MyFulllLoce1l
level 2
!
]
|
interface Loopback®
passive
circuit-type level-2-only
address-family ipv6 unica
]
|
interface GigabitEtherneto

point-to-point
address-family ipv6 unica
!

!

address-family ipv6 unicast

circuit-type level-2-only

—

! //
router isis 1

.00

st

/0/0/0

st

Locator name

Locator value in IPv6 address format

Routing protocol for IPv6 routing

X ALEF
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Full SID show commands pfriklad — |0S-XR

SIDs associated with MyFulllLocO1

RP/0/RPO/CPUO:RO2#sh segment-routing srv6 locator MyFullLoc@l internal

Configured Locators

Format: base <40B/24N/16F/8A> (1)

FSM state: UP

Global OOR State: Resource Available
Local SID OOR State: Resource Available
Interface:

RP/©/RPO/CPUO:RO2#tsh segment-routing srv6e locator MyFullloc@1l

Name ID Algo Prefix Status  Flags
MyFullLocel 3 0 fc00:ab00:2::/64 Up
RP/©/RPO/CPUO:R@2#sh segment-routing srvé locator MyFulllLoc@l detail
Name ID Algo Prefix Status  Flags
MyFulllocel 3 ©  fcee:abee:2::/64 Up

Interface:

Name: srvp-MyFullloc@l
IFH : ©0x9000002c
IPv6 address: fc@0:abeo:2::/64
Number of [SIDs: 3
Created: Nov 5 14:12:55.129 (1d21h ago)
RP/0©/RPO/CPUO: RO2#

RP/0/RPO/CPUO:RO2#sh segment-routing srvé locator MyFulllLocol sid
SID Behavior Context

[EBEREBEBRRERH 1 - End (PSP/USD) 'default’:1

FCOONabORRI2NGN40::  End.X (PSP/USD) [Gi@/@/@/e, Link-Locall
FCOORSBOOENGN41::  End.X (PSP/USD)  [Gi@/6/6/2, Link-Local]
[FCORabeRRReN42::  End.X (PSP/USD) [Gi@/@/@/4, Link-Locall

RP/@/RPO/CPU@:RO2#

Name: srv6-MyFulllLocol
IFH : ©0x0000002c
IPv6 address: fc@0:ab00:2::/64 (IM notified: fc00:abe0:2::/64)
Algo: @ (IM notified: 0)
Number of SIDs: 3
Chkpt Obj ID: Ox2f60
Number of SID CTX: 4
Number of Auto SIDs: 1
TI Object:
Type: Entry
Ptr: 0x139839370908128, Producer ID: ©
Flags:
Generic: ox0 ()
Specific: @x0 ()
Modified: Tue Nov ©5 14:12:54 UTC 2024 (1d21h ago)
Created: Nov 5 14:12:55.129 (1d21h ago)
Event history:

Thu Nov 7 11:26:11.810 UTC
Name ID Algo Prefix Status Flags
MyFullLoco1l 3 (%] fc00:ab00:2::/64 Up

Index: 3

Flags: 0x@

-- cut --
Owner State RW
sidmgr InUse Y
isis-1 InUse Y
isis-1 InUse Y
isis-1 InUse Y
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X ALEF

Segment Routing MPLS a
SRVG6

Mikro SID

RFC draft
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SRv6 Network Programming

« SRv6 Network Programming (RFC8986)
— zdroj zapise ,Network Program® jako seznam instrukci
— Prvni instrukce je v IPv6 Destination Address
— Zbyvajici instrukce jsou v Segment Routing Header (SRH)

* Instrukce je nazyvana SID

- Container SID muze obsahovat az 6 mikro-instrukci které jsou nazyvany
uSID (Micro-SID)

— The IETF term is “NEXT-CSID” (Compressed SID)

X ALEF
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Container pro 6 uSID’s

FCO00:0000:1111:2222:3333:4444:5555:6666
Min-Cost Block

* Doporucéena alokace uSID z privatniho bloku IPv6 adres (FC/8)

L aLD a4

— Lze pouzit i Public adresy
* NejCastéji pouzit /32 Block
— lze pouzit /16 Ci /48

X ALEF
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uSID Format — Quick review

« Compressed SID. Can be of length 16/32 bits
« Configured on the boxes in the form SRv6 locators

« SRv6 Locator consists of two portions: uSID block, and a uSID.
— SRv6 Locator— [uSID Block]:[uSID]::/L

* Four different formats defining the length of the uSID block & uSID:
— F1616: 16-bit uSID block, 16-bit uSID — L =32
— F3216: 32-bit uSID block, 16-bit uSID — L =48 “Industry Standard”
— F4816: 48-bit uSID block, 16-bit uSID — L =64
— F3232: 32-bit uSID block, 32-bit uSID — L =64

» L represents SRv6 locator length

« F3216: uSID Container with a 32 bit uSID Block + 16 bit uSIDs making
up a TE path

fccc:cc00:0001 :0004 :0002 :0005:0003:0006/128

X.AIF/IE%X' of 6 uSIDs per container. More than 6 uSIDs, use of SRH required.

38



Container of 6 uSID’s

FCO0:0000:1111:2222:3333:4444:5555:6666

Min-Cost Block  ySID1 uSID2 uSID3 uSID4 uSID5 uSID6

« uSID “default size” je 16 bitd “:WXYZ:”
— lze sou€asné pouzit uSID-y ruzné délky

— napr. 32-bits uSID pro ,ultra-scale” service (mnoho L2VPN, ...

« Az 6x USID v IPv6 dst. adrese EEe——)

— uSID program ,Cteme” prirozené z leva do prava
= jdi na 1111 potom 2222 potom 3333 potom ....

X ALEF
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Méneée nez 6 uSID’s v DA

FCO0:0000:1111:2222:3333:4444:0000:0000

Min-Cost Block  uSID1 uSID2 uSID3 uSID4 EoC  EoC
* Nepouzité uSIDy v mikro-programu jsou vyplneny
“:0000:”

— %:0000:” znamena “End of Container” (EoC)

X ALEF
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Je-li treba vice nez 6 uSID

Outer DA: FCO0:0000:0001:0002:0003:0004 :0005:0006

uSID1 uSID2 uSID3 uSID4 uSID5 uSID6
Outer SRH: FCO0:0000:000/:0008:0009:0010:0011:0012

uSID7 uSID8 uSID9 uSID10 uSID11 uSID12

« 12 uSID pouze s jednim SRH Container-SID
— 6x Vv IPv6 Dst Addr + 6x v SRH
— pouze 24Bytes MTU overheadu
" (8B pevna Cast SRH + 16Bytes zakazdy
128bit SID) i.
— 50% ve srovnani s Full-SID
= (12*4B = 48B)

Overhead Gain

X ALEF n



Priklad: jdi na 8 potom na 7 potom na 2

X ALEF

One single micro-program in the DA Is enough
DA = bbbb:bbbb:0800:0700:0200:FDT4:0000:0000

42



Zakladni IP Routing:

ISIS
bbbb:bbbb:0200::/4

|

X ALEF

ISIS
bbbb:bbbb:0800::/4

;

ISIS
bbbb:bbbb:0700::/4

g
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Node 1: klasické IPv6

Follow the path to
bbbb:bbbb:0800::/48

X ALEF DA = bbbb:bbbb:0800:0700:0200:FDT4:0000:0000
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Node 4: klasické IPv6

Follow the path to
bbbb:bbbb:0800::/48

DA = bbbb:bbbb:0800:0/700:0200:FDT4:0000:0000
X ALEF
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Node 5: klasické IPv6

Follow the path to
bbbb:bbbb:0800::/48

DA = bbbb:bbbb:0800:0700:0200:FDT4:0000:0000
X ALEF
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Node 8: Shift and Forward

Rx'd DA:rbbbb:bbbb:080010700:0200:FDT4:OOOO:OOOO

— o SHIFT << 16
Tx'd DA:Lbbbb:bbbb20700}02001FDT4:OOOO:OOOO:OOOO

l bbbb:bbbb:0700::/48

FIB Longest-Match bbbb:bbbb:0800::/48 - SRv6 Instruction:

Shift micro-program by one micro-instruction

Set last micro-instruction to “End-of-Container”

X ALEF
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Node 7: Shift and Forward

X ALEF

|

SHIFT << 16

<4
bbbb:bbbb:0200::/48

FIB Longest-Match bbbb:bbbb:0700::/48 - SRv6 Instruction:

Shift micro-program by one micro-instruction

Set last micro-instruction to “End-of-Container”

Rx’d DA:[bbbb:bbbb:O?OO: 0200:FDT4:0000:0000:0000

Tx'd DA{bbbb:bbbb:OZOOj FDT4:0000:0000:0000:0000

48



Node 6: klasické IPv6

2 3 b= 6 F={ 7

Follow the path to
bbbb:bbbb:0200::/48

DA = bbbb:bbbb:0200:FDT4:0000:0000:0000:0000

X ALEF
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Node 3: klasické IPv6

Follow the path to
bbbb:bbbb:0200::/48

DA = bbbb:bbbb:0200:FDT4:0000:0000:0000:0000

X ALEF

50



Node 2: SRv6 End.DT4 behavior

— (2 )=(3 6 7

Rx'd DA:{bbbb:bbbb:0200:FDT4}0000:0000:0000:0000

Decapsulate and forward inner IPv4 packet to Site B

FIB Longest-Match bbbb:bbbb:0200:FDT4::/64 - SRv6 Instruction:

X ALEF
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Micro SID configuration example — I0S-XR

N AL

1
segment-routing
srvé
logging locator status
locators
locator Loc_uSID Algo ©
micro-segment behavior unode psp-usd

-

Locator name

Micro-SID is used

prefix fc00:ab00:1::/48
!
!

Locator value in IPv6 address format

router isis 1
is-type level-2-only
net 49.0001.0000.0000.0002 .00
!
address-family ipv6 unicast
metric-style wide
segment-routing srvé
locator Loc_uSID Algo ©
level 2
|
!
interface Loopbacke
passive
circuit-type level-2-only
address-family ipv6 unicast
|
!
interface GigabitEtherneto/0/0/0
circuit-type level-2-only
point-to-point
address-family ipv6 unicast
|
|

Routing protocol for IPv6 routing
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uSID

vrf A

G0/0 G0/2(
v

CEO1

RO1: Lo0=2001:9999::1/128; l6cator=fc00:ab00:1:/48;

NET=49.0001.0000.0000.0001.00

R02: L00=2001:9999::2/128; I6Cator=ic00:ab00:2: /48

NET=49.0001.0000.0000.0002.00

SR 00=2001:9999::3/1 2881~ =110 (000000

NET=49.0001.0000.0000.0003.00

RO4: [MeJos
NET=49.0001.0000.0000.0004.00

PAOFREEEERETIVAS: Locator=fc00:ab00:4::/48;

RP/@/RP@/CPUO:RO1#

ID Algo Prefix

RP/0/RPO/CPU@:RO1#sh route ipvé

- Cut --

L ::ffff:127.0.0.0/104 [0/0] via ::, 1de2h

L 2001:9999::1/128 is directly connected, 1d@2h, Loopbacke
i L2 2001:9999::2/128

[115/10] via fe8@::5054:ff:fel7:af75, 22:40:11, GigabitEtherneto/0/0/0
i L2 2001:9999::3/128

[115/20] via fe80::5054:ff:fel7:af75, 22:40:11, GigabitEtherneto/0/0/0

i L2 2001:9999::4/128

[115/20] via fe80::5054:ff:fel7:af75, 22:40:11, GigabitEtherneto/0/0/0

—

fc00:ab00:e000::/48, SRv6 Endpoint uA (shift)

[6/0] via fe80::5054:ff:fel7:af75, 22:40:11, GigabitEtherneto/0/0/0
fc00:ab00:e000::/64, SRv6 Endpoint uA (PSP/USD)

[6/0] via fe80::5054:ff:fel7:af75, 22:40:11, GigabitEtherneto/0/0/0
-- Cut --
RP/0©/RPO/CPUO:RO1#

—




Funkce a jeji pojmenovani ...

X: Xconnect segment

BM: MPLS Binding segment
_.DX2: Decaps with layer 2 Xconnect

END (local SIDs) __[DX: Decaps + Xconnect] DX6: Decaps with IPv6 Xconnect
“~__[D:Decaps] “\..DX4: Decaps with IPv4 Xconnect.
_ DT6: Decaps with IPv6 table lookup

\._[DT: Decaps + specific table lookup] .
~£ e . " DT4: Decaps with IPv4 table lookup

E: transit with flow-label ECMP hashing

M: transit with traffic matrix accounting_

— INSERT: transit with insertion of an SRv6 Elicx INSERT.Ogt: transit with oEtimized insertion of an SRv6 Elicx
X ALEF ENCAPS: transit with encapsulation in an SRv6 polic ENCAPS.L2: transit with L2 encapsulation in an SRv8 poli

T (transit)




SRv6 funkce - priklad

End

End.X
End.B6.Insert

End.B6.Encap
End.DX6

End.DX4

End.DT6

End.DT4

End.DX2
End.DT2U/M
End.DTM

H.Insert / H.Encaps
H. Encaps.L2

H.Encaps.M

X ALEF

uN

uA

uB6.Insert
uB6.Encaps
ubDX6
uDX4
ubDT6
uDT4
ubDX2
uDT2U/M

uDTM

Endpoint

Endpoint with Layer-3 cross-connect

Endpoint bound to an SRv6 policy

Endpoint bound to an SRv6 encapsulation policy

Endpoint with decapsulation and IPv6 cross-connect
Endpoint with decapsulation and IPv4 cross-connect
Endpoint with decapsulation and specific IPv6 table lookup
Endpoint with decapsulation and specific IPv4 table lookup
Endpoint with decapsulation and L2 cross-connect

Endpoint with decapsulation and L2 unicast lookup / flooding
Endpoint with decapsulation and MPLS table lookup
Headend with Insertion / Encapsulation of / into an SRv6 policy
H.Encaps Applied to Received L2 Frames

H.Encaps Applied to MPLS Label Stack

https://www.lana.org/assignments/segment-routing/segment-routing.xhtml

[Node SID]

[Adj SID]
[BSID]

[BSID]

[L3VPN Per-CE]
[L3VPN Per-CE]
[L3VPN Per-VRF]
[L3VPN Per-VRF]
[E-LINE]

[E-LAN]
[Interworking]
[TILFA]

[L2 Port Mode]

[Interworking]
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uSID - vyhody

- Data Plane
— Mensi MTU overhead (6 uSIDs bez nutnosti pouzit SRH)
— Hardware-friendly (je ,linerate” na merchant silicon NPU)

« Control Plane
— Dostatecné mnozstvi globalne unikatnich uSID v doméne

* |P Power
— zisk vykonem IP sumarizace a vyuzitim ,longest prefix match”
— 2-3x efektivnéjSi z pohledu HW zdroju ve FIB nez klasické MPLS
— diky vyuziti IPv6 Flow label vyrazne efektivnejSi loadbalancing

X ALEF
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Podpora SRv6 uSID

Open-Source Networking Stacks

. Network Equipment Manufacturers A

==
:;g;,, -fgggE;L()eﬁii’ l':llllD ::IIJ:
alalne S nokia ciena JUNIPEr

cisco’ Sk . 5o @

ZTE Asmmcus ARISTA @ oren

) FRRouting
Merchant Silicon Smart NIC
& v6
iy seommcow || marvew R (intel) A4 Mellanox
.B)AREfEm{!' Segment Routing
. Open-Source Applications

Partners

A E

IPTABLES

ckalodm> @yIreNe  ENEA

Qosmos Division

/1
TCPDUMP WIRESHARK
AN KEYSIGHT  /Ry/NoviFlow — [Xi@ | &kese Ospirent

X ALEF



X ALEF

Segment Routing MPLS a
SRVG6

Priklady a vypisy
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vrf A

GO0 GO/
W

CEO1

Full SID

;
\

- RO1: Lo0=2001:9999::1/128; Llocator=fc00:ab00:1:/64:

NET=49.0001.0000.0000.0001.00

- R02: Lo0=2001:9999::2/128; [I66ator=fc00:ab00:2:/64 .

NET=49.0001.0000.0000.0002.00

SN 0l 00=2001:9999::3/1 28/ " =1/ =000 e o]

NET=49.0001.0000.0000.0003.00

SN SYVRE | 00=2001:9999::4/1 288" ¢1-110) 010,05 1010l00 4 [/}

NET=49.0001.0000.0000.0004.00

RP/@/RPO/CPUO:RO1#sh route ipvé
-- Cut --
L c:ffff:127.0.0.0/104
[6/0] via ::, 02:46:07
L 2001:9999::1/128 is directly connected,
01:54:38, Loopbacke
i L2 2001:9999::2/128
[115/10] via fe8@::5054:ff:fel7:af75, 01:53:07, GigabitEtherneto/0/0/0
i L2 2001:9999::3/128
[115/20] via fe8@::5054:ff:fel7:af75, ©1:51:57, GigabitEthernet0/0/0/0
i L2 2001:9999::4/128
[115/20] via fe8@::5054:ff:fel7:af75, 01:50:30, GigabitEthernet0/0/0/0

RP/©/RPO/CPUO:RO1#show segment-routing srvé locator

Name ID Algo Prefix Status
MyFulllLoco1l 1 0 fc00:abo0:1::/64 Up
RP/0/RPO/CPUO:RO1#show segment-routing srvé sid all

RP/@/RPO/CPUO:RO1#

*** locator: 'MyFulllLoc@l' ***

SID Behavior Context Owner State RW

59
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vrf A vrf A
Full SID
u S G0/0 G0/20 &

- RO1: L00=2001:9999::1/128; [l6Cator=fc00:ab00: 15164 ‘ 0a

NET=49.0001.0000.0000.0001.00 RP/8/RPO/CPUB:RO2#sh route ipvé
-- Cut --
- RO02: Lo0=2001:9999::2/128; Locator=ic00:ab00:2::/64 L ::ffff:127.0.0.0/104
— [6/0] via ::, ©3:21:51
NET=49.0001.0000.0000.0002.00 T Tt
. — . . . . [115/10] via fe8@::5054:ff:fel4:94d4, 0©2:29:44, GigabitEtherneto/0/0/0
‘ RO3: L00_2001-9999--3/128 _r L 2001:9999::2/128 is directly connected,
NET=49.0001.0000.0000.0003.00 02:28:14, Loopbacke
=00 00=2001:9999::4/128k _ [115/10] via fe80@::5054:ff:felc:96f4, ©2:27:03, GigabitEtherneto/0/0/2
- ' y ’ ’
NET=49.0001.0000.0000.0004.00 - 115/10] via fe80::5054:ff:fe@9:6ab0d, 02:25:36, GigabitEthernet0/0/0/4

|

RP/©/RPO/CPUO:RO2#show segment-routing srvé locator
Name ID Algo Prefix Status  Flags

MyFulllLoco1l 1 0 fc00:ab00:2::/64 Up
RP/©/RPO/CPUO:RO2#show segment-routing srvé sid all

*** |locator: 'MyFulllLoc@l' ***

SID Behavior Context Owner -- Cut --

---------------------------------------------------------------------------------- RP/0/RP@/CPU@:RO2#
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RP/0/RPO/CPUQ:RO2#




vrf A vrf A
Fu | | SI I: G0/0 G0/20 - GO0/0
N '
CEO1 RO1
G0/5
-
~
© RO1: L00=2001:9999::1/128; [L6CALOr=fc00:ab00:1:/64; b3
NET=49.0001.0000.0000.0001.00 RP/0/RP@/CPU@:R@3#sh route ipvé
-- Cut --
- R02: Lo0=2001:9999::2/128; Locator=ic00:ab00:2::/64; L ::ffff:127.0.0.0/104
— [6/0] via ::, ©3:47:48
NET=49.0001.0000.0000.0002.00 e
115/20] via fe80::5054:ff:fe@3:dd9a, ©2:55:45, GigabitEth te/0/0/2
NS UEH1 00=2001:9999::3/128 - 0o ] I T ot sosuadee eabitEthernetorers/
NET=49.0001.0000.0000.0003.00 [115/10] via fe80::5054:ff:fe@3:dd9a, ©2:54:15, GigabitEtherneto/0/0/2
L 2001:9999::3/128 is directly connected,
S8 00=2001:9999::4/1 288" ¢lo- 1o/~ (o 6[6k- 10000/ 518 Ly alis 05, Loopbees
_
NET=49.0001.0000.0000.0004.00 [115/10] via fe8@::5054:ff:fell:2f5e, 0©2:51:37, GigabitEthernet0/0/0/3
i L2 fcee:abee:1::/64
i L2 fcee:abee:2::/64
~ [115/11] via fe8@::5054:ff:fe@3:dd9a, 02:54:15, GigabitEtherneto/0/0/2
L fcee:abee:3:0:1::/128, SRv6 Endpoint End (PSP/USD)
- [e/e] via ::, 03:49:21
1L fcee:abee:3:0:40::/128, SRv6 Endpoint End.X (PSP/USD)
RP//RPG/CPUO:RO3#show segment-routing srvé locator  [/0] via e80::5054:FF:e03:ddoa, 03:46:26, GigabitEthernetd/0/0/2
Name 0 Algo Prefix Status  Flags L cep:aboe:3:0:41::/128, SRv6 Endpoint End.X (PSP/USD)
--------------------------- _ [0/0] via fes0::5054:Ffifelli2f5e, 03:43:51, GigabitEtherneto/0/0/3
MyFullloc@l 1 0 fce0:aboo:3::/64 Up i L2 fce0:aboe:4::/64
RP//RPG/CPUD:RO3#show segment-routing srvé sid all © [115/11] via fe80::5054:Ff:fell:2fSe, 02:51:37, GigabitEthernet0/0/e/3
-- Cut --
*** |Locator: 'MyFullloc@l' *** RP/@/RPO/CPUQO:RO3#
SID Behavior Context Owner e
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RP/@©/RPO/CPUO:RO3#




vrf A

RO3

vrf A
GO0 GO/20 - GO/0
CED1 RO1
GO/5
- RO1: Lo0=2001:9999::1/128; l6Cator=fc00:ab00:1:/64; ‘
NET=49.0001.0000.0000.0001.00
- RO2: Lo0=2001:9999::2/128; I6CaI0r=ic00:ab00:25/64;
NET=49.0001.0000.0000.0002.00
SN 0l 00=2001:9999::3/1 28/ " =1/ =000 e o]
NET=49.0001.0000.0000.0003.00
N S0V 00=2001:9999::4/128§ ;
NET=49.0001.0000.0000.0004.00
RP/0@/RPO/CPUO:RO4#sh segment-routing srvé locator \\\\\
Wed Oct 2 13:11:57.420 UTC
Name ID Algo Prefix Status Flags
MyFulllocel : 0  fcoe:abeo:d:i/ed w

RP/0@/RPO/CPUO:RO4#sh segment-routing srvée sid all
Wed Oct 2 13:12:02.846 UTC
*** Locator: 'MyFulllLoc@l' ***

Behavior Context

RP/@©/RPO/CPUO: RO4#

>

1

1
0
c
+

1

1

RP/@/RPO/CPUO:RO4#sh route ipvé
-- Cut --
L c:ffff:127.0.0.0/104
[6/0] via ::, ©4:39:49
i L2 2001:9999::1/128
[115/20] via fe8@::5054:ff:fe@5:ee55, 03:50:33, GigabitEtherneto/0/0/4
i L2 2001:9999::2/128
[115/10] via fe80@::5054:ff:fe@5:ee55, 0©3:49:03, GigabitEtherneto/0/0/4
[115/10] via fe8@::5054:ff:felf:b0f5, ©3:47:53, GigabitEthernet0/0/0/3
2001:9999::4/128 is directly connected,
03:46:26, Loopbacko

—

RP/0/RP0O/CPU@:RO4#
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L3VPN pres SRv6 (Cisco I0S-XR)

« BGP Control Plane - VPNv4 (VPNv6) AF (stejné jako u MPLS)
— Internal BGP, BGP RR
— IPv4 or IPv6 transport (BGP session)

* VRF config
— stejny jako pro MPLS/SR based L3 VPN

* PE-CE routing
— stejny jako pro MPLS/SR based L3 VPN

* VRF config v Casti BGP

router bgp 100
vrf A
rd 65000:1
address-family ipv4 unicast
segment-routing srvé
locator My locator
alloc mode per-vrf
|
N ALEF redistribute connected




L2VPN pres SRv6 (Cisco I0OS-XR)

- Podpora pouze pro EVPN
— Pseudowire potrebuje MPLS dataplane
— VPLS potrebuje Pseudowire a bridge-domain

* BGP Control Plane — 12vpn evpn address-family

router bgp 100

¢ EVPN COnflg evpn bgp router-id 4.4.4.4
interface TenGigE®/0/0/0 address-family 12vpn evpn
I |
segment-routing srvé neighbor fcbb:bbo0:1::1
locator My Llocator remote-as 100
! update-source Loopbacko
! address-family 1l2vpn evpn

« L2VPN config

12vpn
xconnect group 2
p2p 2
interface TenGigE®/0/0/0.2
neighbor evpn evi 2 service 2 segment-routing srvé

X ALEF !




Dekuji za pozornost
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