)

L]

L]

TA:
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L]

IGP  EGP

] (Distance vector)
(Link state)
(Path vector)

&

4]

BGP
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FIB (Forwarding Information Base)

zebra@c2.naist# show ipvé route
Codes: K - kernel route, C - connected, S - static, R - RIPng, 0 - OSPFv3,
B - BGP, * - FIB route.

K« ::/0 1e80:2::210:5aff: feTa:b3d1
K+ ::/9% il
100
1

Cx ::1/128

K+ ::£f££:0.0.0.0/% i

0% 2001:200:0:840::/64  feB0::210:5aff: feTa:b3d1
0% 2001:200:0:822::/64  feB0::210:5aff: fe78:cae
Cx 2001:200:0:823::/64  fxp0

0 2001:200:0:823::/64  fxp0
Cx feB0: 64 Txp0
x10
100
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e (routing domain)
2 IGP (Interior Gateway Protocol)
& EGP (Exterior Gateway Protocol)

A

IGP IGP IGP

EGP
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Two-tier routing

A
EGP E
IGP IGP
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IGPs and EGPs

@ IGP
= RIP-2, RIPng, OSPF, IS-IS
u Distance vector, link state

& EGP
= BGP4, BGP4+
= Path vector
= Internet
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& Bellman-Ford algorithm
= (prefix, metric)

u (prefix, path, attributes)
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Path vector

e D
(D, {T,T,} ..)
250, {T3 T4} )

oo
G
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Loop-free nature of path-vector routing

€ {B})
(C.{D,B})

. B-C B
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BGP: Border Gateway Protocol

-

e TCP
- TCP
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& AS (Autonomous System)
e AS:

e (prefix, AS-path, attributes)
» (AS-path, attributes, { prefix1, prefix2, ... })
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& AS_PATH
s ORIGIN
& NEXT_HOP

(Path attributes)

& MULTI_EXIT_DISC (aka MED)
& LOCAL_PREF

& ATOMIC_AGGREGATE

& AGGREGATOR
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BGP route example
show ip bgp 163.221.0.0
BGP routing table entry for 163.221.0.0/16, version 30149334
Paths: (6 available, best #3)
Not advertised to any peer
6461 2516 2500 2500
208.185.175.169 from 208.185.175.169 (216.200.254.220)
Origin IGP, metric 0, localpref 400, valid, external
6461 2516 2500 2500, (recelved—only)
208.185.175.169 from 208.185.175.169 (216.200.254.220)
Origin IGP, metric 0, localpref 100, valid, external
2500, (received & used)
203.181.70.232 (metric 2) from 203.181.70.232 (203.181.70.227)
Origin IGP, metric 505, localpref 400, valid, internal, best
Originator: 203.181.70.227, Cluster list: 0.0.0.16
2500, (received & used)
203.181.70.233 (metric 2) from 203.181.70.233 (203.181.70.227)
Origin IGP, metric 505, localpref 400, valid, internal
Originator: 203.181.70.227, Cluster list: 0.0.0.16

2500
202.249.2.1 from 202.249.2.1 (203.178.136.4)
Origin IGP, metric 1010, localpref 400, valid, external
2500, (received-only)

BGP

Cae D= oo D opemsm D

W7
OpenConfirm

KEEPALIVE, NOTIFICATION Established
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IBGP and EBGP

~ [

IBGP EBGP \\Y

AS2500 “ peer” ASA4730
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IBGP, EBGP

¢ |IBGP
- AS IBGP
peer
- IBGP
@ EBGP

| AS EBGP

| AS
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Transit AS, stub AS

ISP ISP ISP
A B

ISP C: Transit AS

B——
A U B

User: Stub AS

S
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@ ISP C:
= Accept all routes from ISP A
= Advertise all routes to ISP B
= Accept all routes from ISP B
= Advertise all routes to ISP A

ISP ISP ISP
A \&/ °

ISP C: Transit AS

AS

©2002 Suguru Yamaguchi and Y ouki Kadobayashi, All rights reserved.

Stub AS

2 Accept ISP A’s route from ISP A
& Advertise user's routes to ISP B
@ Accept ISP B’s route from ISP B
@ Advertise user's routes to ISP A

User: Stub AS
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Default route

2 0.0.0.0/0 (IPv4), ::0/0 (IPv6)
& Longest-match -

“ prefix ::0/0 next-hop R1”

©2002 Suguru Yamaguchi and Y ouki Kadobayashi, Al rights reserved,




Default-free

@ Default route
@ Tier-1 ISPs, North America backbone

(source: UUNet network maps, www.uu.net)
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£ 163.221.10.0/24 163.221.11.0/24
163.221.10.0/23

(aggregation)

163.221.64/18

163.221.0/18 163.221.128/18

163.221.192/18
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Aggregation at the border

OSPF backbone

163.221.100 (@)

163.221.52.0 /
163.221.56.0 “163.221.0/18 viaR1"

OSPF area 1
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4

& - prefix renumbering

.
. 120,000
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= |GP, EGP

: BGP
F , AS path, AS
= |IBGP, EBGP

@ Transit, Stub
u Default, default -free
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