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ISPD&EAE & Hot Potato Routing
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BGP Peer Establishment\DOiHRN

« TCPDPort&FS179 Tkt

o L= —DEESBAIBTCPDServer(Cidid UClient(CEIRND(HTTP, Telnet & (F3ED)

« BGPDPeerh‘Established(C/d > fzd & (EXTCPDServer/ClientdDX Bl (E7R LY

« [EIEFICPeerdtzw = 3 >HMETI SN BEIEEMN DB IcdbENZE AR T BCollision DetectEL\D

ANZXLhH D
Router A Router B
BGP State __________________________________________________________________
! Idle Idle :
Idle | 0 | 4
! < pen L EBES5HD)IL—F -
Connect ! | _ N .
| 1 Accept(CIRBDENH D
Accept i o Connect :
Opensent . Notification ——» .
OpenConfirm R DA
Established Connect Accept Accept(cxt U TConnect
i i Open > ! z173
BGP Message Type i OpenSent i
Value [Name Reference i < Open | ';‘_C%egt_cogﬁn%%gé
| - - ' J=50pen&KeepAlive
OReserved i KeepAlive . D OEFRLTED
1OPEN [RFC4271] : KeepAl OpenConfirm :
2|UPDATE [RFC4271] ! cepalive S |
3INOTIFICATION [RFC4271] ! 0 - .
| enConfirm - .
A[KEEPALIVE [RFC4271] ! P Established i
5ROUTE-REFRESH [RFC2918] ! |‘ :
6[DYNAMIC-CAPABILITY [[draft-ietf-idr-dynamic-cap-16] : Established !
7-255 |Unassigned ! < Update > :
e Y 6
v v




BGP Packet Format

1 2 3
1234567890123456789012345678901
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Length | Type |

e s st E R B et At =

Marker: 16byte COXFFCIED. HUIIEBEFDS D EVWDSETFENH O eh. FLR(IRIEET
HEUEEE (C

Length: N\w5 -5/ Tv bR, &//M19byte. &KX4096byte

Type: BGP Packet Type

T I:Io0777 TUTZI I Ios & TU T ZI L oo s O TOT OO OUZ 70T IT7 7 [Tl oOCq=Ul MTR=IOJL WINT=IoIJUY LCCIT=U ToOVOI=UOU7Z7U70Z7 TOCGCL=7 IOUUIO7 L

12 1.160773 10.211.55.65 10.211.55.2 BGP 85 KEEPALIVE Message

13 1.160866 10.211.55.2 10.211.55.65 TCP 66 62963 > 179 [ACK] Seq=81 Ack=150 Win=131584 Len=0 TSval=3692709829 TSecr=713551874

14 2.265685 10.211.55.65 10.211.55.2 BGP 141 UPDATE Message

15 2.265776 10.211.55.2 10.211.55.65 TCP 66 62963 > 179 [ACK] Seq=81 Ack=225 Win=131520 Len=0 TSval=3692710934 TSecr=713552978
Frame 12: 85 bytes on wire (680 bits), 85 bytes captured (680 bits) on interface bri 5e e9 1le 08 4d 64 @0 1c 42 bé 61 4d 08 @0 45 ¢c2 " Md-- B-aM:‘E
Ethernet II, Src: Parallels_b6:61:4d (80:1c:42:b6:61:4d), Dst: 5e:e9:1e:08:4d:64 (5e g‘; g; gg ég :;g ?g gé g({ ﬁ? gg g ;12 g; gg gg gg 7Gt @ o )5270
Intern?t Frotocol Version 4, Src: 10.211.55.65, Dst: 10.211.55.2 01 fd de 7e 00 00 91 @1 08 0a 2a 87 8 02 dc la N : "
Transmission Control Protocol, Src Port: 179, Dst Port: 62963, Seq: 131, Ack: 81, Le gpupg 47 c3 FFf ff Ff ff ff ff Ff ff ff ff ff ff ff ff Gloviis i
Border Gateway Protocol - KEEPALIVE Message o050 Fff ff o0 1304 ...

Length: 19

Type: KEEPALIVE Message (4)
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BGP Open Message

1 2

1234567890123456789012
—t-t-t-t-t-+- -+

Version [
-+ttt -ttt +

My Autonomous System I

+-+-+-+-+—+—+-+-+-+-+-+-+-+

Hold Time I
e T T et et e T e e e e e e e e e e e e e e
BGP Identifier

s S e R
Opt Parm Len |
s S e

Optional Parameters (variable)

et el T T e e e e e e e e el s e T

Version: 4(CEE

My AS: BHASES - 40ctet¥hsEEF(ECapability (CASESZI8TE

Hold Time: Keepaliveh'expired B85

BGP Identifier: BJL—4—ID

Opt Parm: AT >3 FHILI\S A -4, FEEICED EWDSTFEEH > M. EBCapability/ZZiFHMENDN TS



BGP Open Message
OpenXwt—(IHEE (XD DIF CHESR S B DORMEITD (R —>IT— 3 >3 R0W)

Router A Router B
« AS Number <« » + AS Number
- Router ID ASES ,Router IDDHEER - Router ID

- HoldTime HoldTimeld EE5HVIRWNESZEEA -« HoldTime
HoldTime=0(dKeepalivei L
HoldTime>=3(&HoldTime/3h'Keepalive’ 7 1< —

Capability Option Capability Option
e MultiProtocol « MultiProtocol
AFI=IPv4 SAFI=unicast AFI=IPv4 SAFI=unicast
AFI=IPv4 SAFI=mpls-vpn >  AFI=IPv4 SAFI=mpls-vpn
AFI=IPv6 SAFI=unicast - Route Refresh
- Route Refresh - Graceful Restart
- Graceful Restart - 40ctet AS=100.101

- 40ctet AS=100.100

MultiProtocol(3send/receive®
mAMNDDIGE(CBR



BGP Open Message Capability

8 0.003098 10.211.55.65 10.211.55.2 BGP
9 0.003129 10.211.55.2 10.211.55.65 TCP
10 0.003328 10.211.55.65 10.211.55.2 BGP
11 0.003348 10.211.55.2 10.211.55.65 TCP

196 OPEN Message

66 61054 > 179 [ACK] Seq=81 Ack=131 Win=131584 Len=0 TSval=915220693 TSecr=707822237
85 KEEPALIVE Message
66 61054 > 179 [ACK] Seq=81 Ack=150 Win=131584 Len=0 TSval=915220693 TSecr=707822237

Marker: ffffffffffffffffffffffffffffffff
Length: 130

Type: OPEN Message (1)

Version: 4

My AS: 100

Hold Time: 9

BGP Identifier: 10.211.55.65

Optional Parameters Length: 101

Optional Parameter: Capability
Parameter Type: Capability (2)
Parameter Length: 6
Capability: Multiprotocol extensions capability
Type: Multiprotocol extensions capability (1)
Length: 4
AFI: IPv4 (1)
Reserved: 00
SAFI: Unicast (1)
Optional Parameter: Capability
Parameter Type: Capability (2)
Parameter Length: 2
Capability: Route refresh capability
Optional Parameter: Capability
Parameter Type: Capability (2)
Parameter Length: 2
Capability: Enhanced route refresh capability
Optional Parameter: Capability
Parameter Type: Capability (2)
Parameter Length: 6

Optional Parameter: Capability

Parameter Type: Capability (2)

Parameter Length: 2

Capability: BGP-Extended Message
Optional Parameter: Capability

Parameter Type: Capability (2)

Parameter Length: 6

Capability: Support for Additional Paths
Optional Parameter: Capability

Parameter Type: Capability (2)

Parameter Length: 7

Capability: Unknown capability 76
Optional Parameter: Capability

Parameter Type: Capability (2)

Parameter Length: 2

Capability: Support for Dynamic capability
Optional Parameter: Capability

Parameter Type: Capability (2)

Parameter Length: 10

Capability: FQDN Capability

Internet Protocol Version 4, Src: 10.211.55.65, Dst: 10.211.55.2
Transmission Control Protocol, Src Port: 179, Dst Port: 61054, Seq: 1, Ack: 81, Len: 130 0020 37 02 00 b3 ee 7e 35 65 02 Oc be 00

Capability: Support for 4-octet AS number capability

0000 5e e9 le 08 4d 64 00 1c 42 b6 61 4d
0010 00 b6 41 d9 40 00 @1 06 b2 be @a d3

0030 01 fd 2d fe 00 00 01 01 08 Qa 2a 30
0040 28 d5 ff ff ff ff ff ff ff ff ff ff
0e50 ff ff 00 82 01 04 00 64 00 09 0a d3
0060 06 01 04 00 01 00 01 02 02 02 00 02
0070 06 41 04 00 00 00 64 02 02 06 00 02
0080 01 01 01 02 @7 4c @5 00 01 01 00 00
0090 02 0a 49 08 @6 75 62 75 6be 74 75 00
00be 13 12 46 52 52 6f 75 74 69 6e 67 2f
00co 2d 64 65 76

R .
++I--ubu ntu---@-
'X"G"'

-+FRRout ing/10.1
—dev

10



BGP Update Message

EISHI RO S

Oz 5HIBR T B#FIEZNLRIO T A —< v FTWithdrawn Routes(C AN TiXD
Path Attributes(df L

RSB DSE

O 5EFITBIRIEZNLRIO I A —< W R TNLRIICANTES
Path Attributes(dw’E

NLRID I A =X © IPv4,IPv6,VPNE R < Prefix Length &Prefixzilli XS
Prefix(dLength(CHER YA X(CTrim&Nd
0.0.0.0/0D%m&Length=0, PrefixE L
10.0.0.0/8MizELength=8, Prefix(1byte)=10
192.168.0.0/24MDizELength=24, Prefix(3byte)=192,168,0

11



BGP Attribute

1 ORIGIN well-known mandatory

2 AS_PATH well-known mandatory

3 NEXT_HOP well-known mandatory

4 MED optional non-transitive

5 LOCAL_PREF well-known

6 ATOMIC_AGGREGATE well-known discretionary
7 AGGREGATOR optional transitive

8 COMMUNITIES optional transitive

TT T ToC TOTZTII OO TTIT OO TOT TOT TU—OUZz7UT =5 TIvoTeT O MTR=IOT

WITT=IOT OO CTCIT™=U TOVOI=UU7Z7U70Z

ToTTT ToOOTTOTZ

Type: UPDATE Message (2)
Withdrawn Routes Length: @
Total Path Attribute Length: 43
Path attributes
Path Attribute - ORIGIN: IGP
Path Attribute — AS_PATH: 100
Path Attribute — NEXT_HOP: 10.211.55.65
Path Attribute — MULTI_EXIT_DISC: ©
Path Attribute — LARGE_COMMUNITY: 65538:655900:14560
Network Layer Reachability Information (NLRI)
1.1.1.0/24
NLRI prefix length: 24
NLRI prefix: 1.1.1.0
1.1.1.1/32
NLRI prefix length: 32
NLRI prefix: 1.1.1.1

12 1.160773 10.211.55.65 10.211.55.2 BGP 85 KEEPALIVE Message

13 1.160866 10.211.55.2 10.211.55.65 TCP 66 62963 » 179 [ACK] Seq=81 Ack=150 Win=131584 Len=0 TSval=3692709829 TSecr=713551874

14 2.265685 10.211.55.65 10.211.55.2 BGP 141 UPDATE Message

15 2.265776 10.211.55.2 10.211.55.65 TCP 66 62963 » 179 [ACK] Seq=81 Ack=225 Win=131520 Len=0 TSval=3692710934 TSecr=713552978
Frame 14: 141 bytes on wire (1128 bits), 141 bytes captured (1128 bits) on interface 5e €9 le 08 4d 64 00 1c 42 b6 61 4d 08 00 45 c2 A md B-aM- -E
Ethernet II, Src: Parallels_b6:61:4d (@0:1c:42:b6:61:4d), Dst: Be:e9:1e:08:4d:64 (5e gg ;; ;g ég 22 gg g; gi 8? g3 gg 33 g; g% gg gg . e ol e 7C

- 2 . cl 3c a <5z

Intern?t ?rotocol Version 4, Src: 10.211.55.65, Dst: 10.211.55.2 o1 fd el df 00 00 01 061 08 8a 2a 87 f4 52 dc 1a % 'R
Transmission Control Protocol, Src Port: 179, Dst Port: 62963, Seq: 158, Ack: 81, Le 0040 47 c5 Ff Ff ff £f £f ff ff ff ff ff ff ff ff £f G-
Border Gateway Protocol — UPDATE Message 0050 Ff ff 00 4b 02 00 00 60 2b 40 01 01 00 50 02 80  |-=-K---- +@---P

Marker: ffffffffffffffffffffffffffffffff 06 02 01 00 00 00 64 40 03 04 Qa d3 37 41 80 @4 - de ----7A

Length: 75 04 00 00 00 00 cO 20 OCc 00 91 00 02 00 Ba B2 1c  r=:=++ = e

00 00 38 €@ 18 01 01 01 20 01 01 01 01 (Y DIOERO

12



BGP Path Selection
Nexthop/‘'Reachable’d#Ri&EMD S5

CiscofBDWEIGHTZ MU E 1 — MAEHBEAETLVIL— MBS

LOCAL_PREF7Z RUE1— MO mRBAREVIL— MZEEI

O—A)LL— bORETTHDIL— b (networkONY> RTERKUZIL— ) =B
AS PATHY” MU E 11— M'&EREVL— MBS

ORIGINZ MU E1— Mh&mE/NEVL— 2B (IGP < EGP < Incomplete )
MED (MULTI_EXIT_DISC) 7 MU E1— M&mHE/INEWL— MBS
IBGPTEEUIEIL— FEDEEBGPTEE UIEIL— MEES
NexthoplCXt U CE&/INDIGPA kU w 0% DI)L— MBS
EBGPR1/)\—mSXEUEIL— rDDSE. EHWIIL—b (BICRELEIL—) ZE85
10.Router IDA'ER/NDBGPE 7 5{E UTE)L— M ZE BT

11.BGPEFDIPY RL AN/ INDIL— MBS

LCOoONOUNAWNH

13



IBGPEEBGPMDIEL

B UASEIDIEsStZIBGP. 27D JcASRIDiEstZEBGP & /5
—&HAETTNEL(INexthopZzResolve T 3N ESH ?
EBGPDiZEEARImmediate Nexthop®D#+ER. BGPOTCPETTL=1TiRD
IBGPDiZENexthopZResolved B EC KD FERRFRY MDD —T5%5TH RIEE(C

BGP(Cw)E T Static RouteDid

+ Floating Nexthop(£7/&> /=X k1w OdStatich*NexthopDBENE(C K DIBEIREND)
« S$10.0.0.0/24 1 1.1.1.1
« S$10.0.0.0/24 100 2.2.2.2
-« C1l.1.1.1/24 Down
e C2.2.2.2/24 Up
« Recursive Nexthop
- RFigZTHEIFHN(CLookUpT 3
- AggregatefFigZNull 0 255(C 9 DI
« Discardf®lg - wFUTe/\Twv "MHEEEND

14



BGPC—&E

Connected

SE/RIBGP - Next HopDfE#ER & HiSR1E

Nexthop B 192.168.0.0/24
10.0.0.0/24

O

Recursive Nexthop B 192.168.0.0/24

172.0.0.2/32
10.0.0.0/24

Q O

Recursive Nexthop B 192.168.0.0/24

Recursive Nexthop
(Resolve to LSP)

172.0.0.2/32
172.100.0.0/24

0 n

192.168.0.0/24
172.0.0.2/32
172.0.0.2/32
10.0.0.0/24

QO 0 W

10.0.0.2
GigabitEthernet 0/0

172.0.0.2
10.0.0.2
GigabitEthernet 0/0

172.0.0.2

172.100.0.1
E -
172 .0.0.2 } fERecursive

172.0.0.2
Push 100
10.0.0.2
GigabitEthernet 0/0

15



Aggregate(#RIRER) E S TIEN D RE®IL—T

AS100
192.188.0.1 192.1

>0.0.0.0/0 192.168.0.2 » B 10.0.0.0/16 192.168.0.1
0 10.0.0.0/24 BGP 10.0.0.0/16
0 10.0.20.0/24

©o

o

»
>
<

10.10.0.158/) Uy hIL—T 93

AS100(210.0.0.0/24&10.0.20.0/24% £#(Aggregate) LC10.0.0.0/16%AS200([CNET S
[EIF (CAS100(3Static Route TDefault RouteZzAS200(CmIlFlz&ET D
IGPICTEE U ULVREE%E10.10.0.100) Uy M ZEAS1000 5 H T &
Default Route(C KX DAS200(CERX TN D
AS200TCI(IBGPHFIEICNY WY F I DD TASI00(CERXETND
NZEDIRT
s HTRLLEERIL—TD5RK !
CiscoDiza CNZRE < Tz (CLL T dDStatic RouteZ s&TE 9 2DH'Best Current Practice&E =N TLD

ip route 10.0.0.0 255.255.0.0 NullO 255

CiscoEIGRP & L\SIGPT O k)L TlEsummary-route (BGPMDaggregate LR U)i&EZE 9 B & HEMIICNUllOFERREEMERR =N B
Juniper T (I T DEE TEEM (Cnexthoph'rejectMERIEHMER =1 D (nexthopZ discard (CEXE B OJHE

routing-options {
aggregate {
route 10.10.0.0/16;
}

} 16



BGP Tl FICR DD NS T4 w212 bO—)LULTZLY
____________ Wl [192.168.0,0/24
7J—|? i

|

|

|

|

|

|

|

I Upstream ISP
i AS 100
|

|

|

|

|

|

10.0.0.0/24 101

Local ISP
AS 101

10.0.0.1 _T

- i

« Upstream ISP&I(FEREREKRIRD 2 EPACHEH LU THDEL <10.0.0.0/24Z72EFLTNDETD
« EFRM10.0.0.0/2415KR0>192.168.0.0/24\DiBEEZITIRD IZHE
- ITEEO> bO—-JLTEBINIED (TUpstream ISPIREE 17



Hot Potato RoutingDiza (—&HEWLVHEAMNSIMNIHT)
i [192.168.0,0/24 ?

aies

Upstream ISP
AS 100

Nexthop IGP Mei::ric

10.0.0.0/2§4 101

Local ISP
AS 101

10.0.0.1 T~

- u

_____________________________

« Upstream ISP(Z—&AL\H [ (Closest Exit)'5/\Uw hZINCHED ET D
- BEBRZ CTEATTIHEDRWVEK DIRFR &I
« RDD/\Tw MHKRIRDIL—F—ICRED T e SN CELocal ISPEUTIFEFR U <7



RROBESADR S T4V IFTERD)IL—F—H5 xjcécmbm

-4-192.168.0,0/24 7

I

|

|

|

|

:

I

i Upstream ISP
| AS 100
|

|

I

|

|

|

|

10.0.0.0/24 101

Local ISP
AS 101

o ERUEGIRAT > MOBBBEICEDDO NS I w1 bO—)LULTEL
. FOEDHEE10.0.0.0/24D) v MIERDIL—F—H\BSRD> TETALLY
. :Itiléﬁctlj7\7>§:l:)lx7\0) NS JDa4wONWNZ1—a3—ITONBSRERO>TEENTS 19



op

MEDZ{E Di5E

----------------------------- e [192.168.0,0/24 ?

'E' |

Upstream ISP
AS 100

101 MED=150

Local ISP
AS 101

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
10.0.0.0/24 101 MED=100 | 1o_o.o_o/zi4
|
i
|
|
|
|
|
|
|
|
|
|

« MEDZDITTRETBCEICEKD,. DIRUVMEDDIEDRZRIEMNMEL EIND
« UM UMEDI(ENon-TransitiveldM TASE E=H' > TIEAE =N/
« Upstream ISPTMEDZIEEL TWLWBD EDELSEHRVD, STEBIRFETHD 20



AS Path Prepend
----------------------------- oo 1102.168.0,0/24 ?

'TEZ' .

Upstream ISP
AS 100

10.0.0.0/24 101

10.0.0.0/24 101 101

Local ISP
AS 101

« BEEZEUEVERIBICBASZENNULTAEST S
o ASHEFIENO>TREENDN. - »
« LWAWARBIEMNSDZEMNFISNTLS 21



Community Attribute®FZES

h

—

« AS#:LOCAL_PREFTC. $EMDASHDLOCAL_PREFDIEZHETESD

« Community Attribute 174:120Z D173 Z & TCAS174MDLOCAL_PREFZ 120

(@734

TEF]HE

Transitive Attribute’2MTEIEEHREL CLVRV\RY KD —2o00> rO—I)LATES

Services/Features

Local Preference

All customer routes announced to Cogent will have a local pref of 130.

The customer can control the local preference for their announcements by using a community
string that is passed to Cogent in the BGP session. The following table lists the community strings
and the corresponding local preference that will be set when they are used.

Community String Local Pref Effect
174:10 10 Set customer route local preference to 10
] (below everything-least preferred)
174:70 70 Set customer route local preference to 70
(below peers)
i Set customer route local preference to 120
174:120 120 (below customer default)
) Set customer route local preference to 125
174:125 125 (below customer default)
) Set customer route local preference to 135
174:135 135 (above customer default)
174:140 140 Set customer route local preference to 140
(above customer default)

22



Community AttributeDz&E
Al U TE K DIFTER < BARBIREEENNE

route-map community permit 10
match community 174:80
set local-preference 80
route-map community permit 20
match community 174:90
set local-preference 90

19955 ~2000F(XLOCAL_PREF=80, 90D EN E 7 (Default=100)
IXBL4+DPrivate PeertPaid PeerhMENNT 5 &(CKDLOCAL_PREF=110, 120, 130D5&FENES

23



C

FEBREDZFROIO> bO—JLAUTZLY = Community AttributeD3EE-

-192.168.0,0/24 ?

AS 100

10.0.0.0/24 101 101 Com:100:90

Local ISP
AS 101

|
|
|
|
|
|
i
|
l?a‘:E?R Upstream ISP
|
|
|
|
|
:
|
4
|
|
|
|
|
|
|
|
|
|
|
|

Upstream AS:Local Preferenced®CommunityZz DIl CAS
100:90(3AS=100DAEB TLocal Preferencez90(_5%E

Defaulth 10072 T, Z@Community X DUVERFER (SBEEN TS
Community(dTransitive’RDTASZ X ZWLWNTAEFEND

24



Community Attribute&ZDPA

Community & [EIBFHADIEZER AS#, DPA value TpreferenceZ18iE & LVYDCommunity E[E UARE

INTERNET-DRAFT Enke Chen
<draft-ietf-idr-bgp-dpa-05.txt> Tony Bates
Expires September 1996 MCI

March 1996

Destination Preference Attribute for BGP
<draft-ietf-idr-bgp-dpa-05.txt>

Destination Preference Attribute (DPA)

This document proposes the DPA path attribute, which is an optional
transitive attribute of fixed length. The attribute is represented
by a pair <AS#, DPA value>. The AS# is a two octet non-negative
integer, which denotes the AS that specifies the preference. The DPA
value is a four octet non-negative integer.

The DPA attribute has Type Code 11.

25



Community Attribute® 77157
DPA(CES > /=H2ER

Well-known Communities

The following communities have global significance and their
operations shall be implemented in any community-attribute-aware BGP
speaker.

NO_EXPORT (@OxFFFFFF@1)
All routes received carrying a communities attribute
containing this value MUST NOT be advertised outside a BGP
confederation boundary (a stand-alone autonomous system that
is not part of a confederation should be considered a
confederation itself).

NO_ADVERTISE (OxFFFFFF0Q2)
All routes received carrying a communities attribute
containing this value MUST NOT be advertised to other BGP
peers.

NO_EXPORT_SUBCONFED (OxFFFFFFQ3)
All routes received carrying a communities attribute
containing this value MUST NOT be advertised to external BGP
peers (this includes peers in other members autonomous
systems inside a BGP confederation).




NO_EXPORT &NO_ADVERTISE
15Rl70ETETR U TEMET D
AS101 AS100 AS200

10.0.0.0/8 NO_EXPOR

AS101 AS100 AS200

10.0.0.0/8 NO_ADVE




Route Reflectord&i;

BGP Speaker(dZE&Full Mesh®IBGP peeringh\wE
N*(N-1)/20BGP PeeringhM 4B (123

IBGP SessionDI&EF

IBGP#RIDAZHAZ 9 B 1=sHDBGP & U CRoute ReflectorhVa&iz Ui

IBGP Full Mesh IBGP with 2RR PE with 2RR
N*(N-1)/2 N*2 PE*2
8*%7/2 = 28 8%2 = 16 4% = 8

100*99/2 = 4950 100%2 = 200 50?*2 = 100
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RFC2547 - BGP/MPLS VPNs

EGP®DEric Rosen & BGPMDYakov Rekhterd»1999F MDEan

L=« 2270 b JLERETDEE

BET L J4 v IORZEXRRYY —D—E&E U TEROIAD EWDEFTIR 157
Community Attribute®$E% Extended Community Attribute& U CGE{ESE T2
MPLSAMDNext Hop Resolution PayloadDRIEILICER D EWD AT 77 ZHHTRUTE
MP-BGP, MPLS & U\ o 2 (HED) &z J)LiER Uz

VPNH—EX EWDHTEid 1 — R — R z24d A UEDZDSD-WAN,EVPN(CER o /=

RD - Routing Distinguisher, RT — Route Target, SOO - Site of Origin& UL\ #HHE=

VPNvA T L 49 A

— Routing Distinguisher 64 bit

RD IPv4 address

64 b 32 bit % % bg — IPv4 prefix 32bit

—

f
A J
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MPLSDSN)L XS W T ENexthopDLSPADREER

Network Labels
1014:17635:10.0.0.0/9 [100]

Next Hop AS PATH
198.19.7.97 65000

BGP T3 (THX > /7ZVPN LabelZzPush Uz ENexthop T Transport LSPZLookupd 3

Carrier VPN AS 64512

P)L—4 —(dTransportZz R T EN(E+272DT.

BGPZ U RB3MNEBZ X IR0

Packet Packet Packet

VPN VPN VPN Packet
Packet Transport Transport Transport VPN Packet
CE

30



Allow-AS-In&AS Override

BAZHE UASES Z e THESIHFEAS PathdDLoopF T v I (CO>MHD
= Allow-AS-InCAS Path Loop®DF T v O%#EFH9I D
> AS Override T65535Zpll DASES (CEZHZR D

Carrier VPN AS 64512

AS65535

Packet Packet Packet
VPN VPN VPN Packet
Packet Transport Transport Transport VPN Packet

AS65535

.0.0.0/9 64512 65535

LoophVL DT, SOO=Site Of Origin&LYSCommunity CTalliRLoopdDF T WV IMNTED
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MPLS/VPN/M?5SSD-WANAN

Open Networking USER GROUPH'#8IF 2 10E4

OWAN[EI#RZActive-Active([CFIBTE S 2 &

Q7 TV —2a> &l RUZ—, NTA—-I2RICIEUT,
BMEDWANEBRRE CHY A F IV IS T4 v OIS ZF U INERETHD I &

OtzFa1UF«/HINF>R/A>TSATRICEDNT,

SEHN DTSN TS —2 3 (I3 DL EEE (T U
NS DawOTI 27U IONRIETHD &

@o] A% STHEEECENIE/\1 T Uy RWANTHDZ &

®CPEZ/\— R, VI bO@mA TIRMHERIEETHD &

®Layer 2 XU 3TEFFR)MIBRAA vF. IL—F—EOHEBEGFENDD &

WS/ 77TV —2 3> /NPNC ED/)N T A -V AEEETD
v aR—RhEHBTE

@R EDOI ZEREBWSIEM(TF 1 UT A 1237 > MRR—2 v )NERX T DI2HDA—T U IRAPIN G D &
OOy FEU LK IZB/ROFE CRIR(CHSRIOBENBIEETHD &
WOFIPS140-2(FESE> 21 —ILICEAT D TF 1 VUT 1 BHORZ) (ICERLTND L
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SD-WAN

Hybrid WAN

. EFWANZActive/Active CEIFIC{EH

. Jitter/Packet Loss/Delay(C &> TIEWLT T
Local Breakout & Remote Breakout

- EEO-—HD)LoEGEHNSInternet \NATIE

« HBDINIUE— D J— R SInternet\iklF3d
H—EAR—-ADIL—F« >

« O365VOIPZEYFEDT — NI ITAFATIL—FTa >0
COUIEY—EX%®BGPTEIR
Juniper Contrail
Cisco Viptela
VMWare VeloCloud

NTT Cloudwan

Huawei SD-WAN
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plication& U CDOBGP - Contrail

Juniper BREYY1—vay  HRIN—  N—hF—  SHEE

NETWORKS

WE > SDNEA—TANL—Y3> » Contrail

Contrall

Contrailld. YILF ISV RELUTelcoZ TV RKRETA Y
FTUIT VMR Y ND—U EBELROTZEERREL, &%
AVTFsZEEIEET, FOITRTHEENLICHIELT
W£d,

ERNOBEHRWVWEDE
%

HAR—b  bL—ZvY ARVEIETE  T4—KR Q

@ gzAosMVEDE oscy @ piaN SFCHd —

yz7 f X in ™
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Contrail = C++I(C &K BBGP ControllercSD-WAN%Z 31/

[ ] . >
= O tungstenfabric / tf-controller Q Type [/Jto search + - O 1 & @
<> Code 19 Pullrequests 10 ® Actions (@ Security [~ Insights
[[ Files tf-controller / src /bgp / (3 Addfile ~ -

¥ master M + Q e mkraposhin Updates for new VXLAN routing manager: subnet interface routes 4 BGPa... @B 7¢9e044 - 5 months ago <O History
Q Go to file
Name Last commit message Last commit date
> [ lib
v [ src -
> BB base f» daemon [Migration] Add content from Juniper 4 years ago
>
B bfd B ermvpn [Migration] Add content from Juniper 4 years ago
| v @@ bgp
f evpn Updates for new VxLAN routing manager: subnet interface routes 4 BGPa... 5 months ago
> [Bm daemon
> @@ ermvpn 0 extended-community Updates for new VxLAN routing manager: subnet interface routes 4 BGPa... 5 months ago
> [ evpn M inet [Migration] Add content from Juniper 4 years ago
> [ extended-community o
0 inet6 Problem Description: 3 years ago
> [ inet
> B inet6 B inet6vpn [Migration] Add content from Juniper 4 years ago
> [ inetévpn B9 13vpn Updates for new VXLAN routing manager: subnet interface routes 4 BGPa... 5 months ago
v & [3vpn B mvpn [Migration] Add content from Juniper 4 years ago
> I test
M origin-vn [Migration] Add content from Juniper 4 years ago
[ SConscript
[ inetvpn_address.cc B» routing-instance [OLN] BGPaasS route route targets removed before advertising to SDN-GW 2 years ago
[ inetvpn_address.h B8 routing-policy Committing changes for the following: 2 years ago
[ inetvpn_route.cc
BB rtarget [Migration] Add content from Juniper 4 years ago
[ inetvpn_route.h
security_grou Migration] Add content from Juniper 4 years ago
[3 inetvpn_table.cc = y_group [Mig 1 P 4 9
[ inetvpn_table.h 00 test Updates for new VXLAN routing manager: subnet interface routes 4 BGPa... 5 months ago
> B mvpn B testdata [Migration] Add content from Juniper 4 years ago
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RTC - Route Target Constraint

« MPLS/VPNS KUSD-WANTREEDENZ < 12D T2l (C I RN TDPEANZERouUting Distinguisher®
RIgZTE I EBEtE<Rd

- BOHEEHIL CTULVBCEDRoute TargetIIMIEXSTRNT <K NEX Y Z—ZFRRAEAT

« CNICKDPEDETRIZELR
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LLGR - Long Lived Graceful Restart

- BEETRY hD—2(3(Z(3Static Route E[FEZF
- RR(Controller) & ME#HEHUIN THCPEBIDIRIE (IRFEF UTcFE F TData Traffic(IHERF LzL)
« Graceful Restart
« mATimeoutH'12bit=6845316%
 LLGR - Long Lived Graceful Restart
- mATimeoutH'24bit=194H
« CNICKDOO-SDY I NIITFPT7vIFT— MOITEDRTCHEData Traffic(3fEZ S IF(C< <
« LLGR-Stale Communityh"i5=N3

S*¥>1 45589:6857:192.168.3.0/24 [0] 198.19.30.238
1d 02:58:37 [{Origin: ?} {LocalPref: 100} {Communities: llgr-stale}
{Extcomms: [45589:6857]}]

37



AddPath - Reachability Information & Forwarding Decision® 77 &

- BGPTI&Path SelectionZ{7109 (C. I NTDNexthopZFIB(C1> X b—JL
- ForwarderTPolicy(CK D EDNexthopZ{EDHRET D
¢ TOERETIIFIBEZ 1—I)LABGP Attributed—EB%E LU CTL\B (AddPathdpathID)

obdobc4a-601£f-4c09-8110-086bf2546b9%b>sh 1p route vrf vrfl
Codes: K - kernel, C - connected, S - static, R - RIP, B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
El - OSPF external type 1, E2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, 1a - IS-IS inter area

I
200/0] wvia 198.19.0.14 pathid 4
200/0] wvia 198.19.0.14 hoplimit 255 pathid 1
180.62.216.224/30 [200/0] wvia 198.19.0.14 hoplimit 255 pathid 3
180.62.216.224/30 [200/0] wvia 198.19.0.14 hoplimit 255 pathid 2
180.62.220.0/30 is directly connected lan-1
198.18.0.0/15 is directly connected sproute3

180.62.216.224/30

[
180.62.216.224/30 |
[
[

Q QU T ww
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Local Breakout & Remote Breakout

Default VRFH S Default RouteZ4FEVRFAIMport

obdobcd4a-601£f-4c09-8110-086bf2546b9%b>sh 1p route vrf vrfl

Codes: K - kernel, C - connected, S - static, R - RIP, B - BGP
O - OSPF, IA - OSPF inter area
N1 - OSPF NSSA external type 1, N2 - OSPF NSSA external type 2
El - OSPF external type 1, E2Z2 - OSPF external type 2
i - IS-IS, L1 - IS-IS level-1, L2 - IS-IS level-2, 1a - IS-IS inter area
I
I 0.0.0.0/0 [20/1000] wvia 10.10.126.32
B 180.62.216.224/30 [200/0] wvia 198.19.0.14 pathid 4
B 180.62.216.224/30 [200/0] wvia 198.19.0.14 hoplimit 255 pathid 1
B 180.62.216.224/30 [200/0] wvia 198.19.0.14 hoplimit 255 pathid 3
B 180.62.216.224/30 [200/0] wvia 198.19.0.14 hoplimit 255 pathid 2
B 180.62.216.228/30 [200/0] wvia 198.19.0.1 pathid 4
B 180.62.216.228/30 [200/0] wvia 198.19.0.1 hoplimit 255 pathid 1
B 180.62.216.228/30 [200/0] wvia 198.19.0.1 hoplimit 255 pathid 3
B 180.62.216.228/30 [200/0] wvia 198.19.0.1 hoplimit 255 pathid 2
C 180.62.220.0/30 1is directly connected lan-1
C 198.18.0.0/15 is directly connected sproute3 39



SD-WAN Data Plane®Full Mesh:®z&
Hub-Spoket>P2P k> =)L

PE$ K UP(EService ProviderdRERR&Y KD —72
(C]E UL CTLYBMDTMPLSY®Segment Routing/a &%
wEA LI

Controller Controller

Internet

SD-WANT (ZCE & PED#EEENEE U 7= CPEH'RRODA
&5k UTz=Controller & 3E#5:9 D,

CPEfE (ZInternet_E CTTunnelZs&R B3N —ARI T B,
CPERS (&Full Mesh(Z/2 /=8 ScalefSIZENFEEA2T L) .
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