H2 % Il 10 (2)

fFERr YT — 51
FIth BfEE

TA: Omar, k. 5K, #EIL
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TorSAY

@ FEEE~ LR (Distance vector)
21U 74KEERY (Link state)

o IGP & EGP
o RAMVRIN—T AT  FA VN —T 42T

2 IRARYLE (Path vector)
« BGP
o FROKH

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

FIB (Forwarding Information Base) M43

zebra@c2.naisti# show ipv6 route
Codes: K - kernel route, C - connected, S - static, R - RIPng, 0 - OSPFv3,

6
Cx fe80:7::/64 100

B - BGP, * - FIB route.
/0 fe%O:Z::210:5aff:fe7a:b3d1
1:1/128 100
L f£££:0.0.0.0/9% i1

:200:0:840: :/ fe80::210:5aff: fe7a:b3dl
fe80::210:5aff:fe78:cae
fxp0
Txp0

fxp0
x10

(type, prefix, next hop)
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IR HIEH DR R

o JL—F 42 KASL> (routing domain)

= EREER

2 [EEDS B, BROEN (Bb) GEDA
¢ IGP (Interior Gateway Protocol)
@ EGP (Exterior Gateway Protocol)

oy

Two—tier routing

A
EGP

IGP 1GP

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserv

ed

IGP and EGP

e IGP
i RIP-2, RIPng: distance vector
=z OSPF, IS-IS: link state
B &Yy L—EDKEEZTESLET
BUsBESEHILIZER
@ EGP
= BGP4, BGP4+: path vector
i Internet £ADRBEFIHOREIZER

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserv
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INARY LB 1 R 0

@ Bellman-Ford algorithm A5 MR &E 7
o EEERIMLEITRIRY H1ER:

2 (prefix, metric)
8 INARNGM LB CRIET BI1ER:

w2 (prefix, path, attributes)

o BB 1T TR ERERBERICH S
= L—T DEELFE BRI AV AT 58
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Path vector

@ SHHA-DADRBORIR
mD,{T, T, } ..)

2 (0, {T3 Ty Ts 3 o) @@

2 IRARNYMLEMEERELTALGND
u INARNTRLREDEWVERREEL

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

Loop—free nature of path—-vector routing
AMBIHTZIRARY S
(C.{B})
(C,{D,B})

) YB-CHELTIHE . BH
ISARGAERYEL

o JL—F %A
TBLNEEND/ISARNGFEFEA]

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.




BGP
Border Gateway Protocol

©2004 Sugurt

BGP: Border Gateway Protocol

o IRARSM LB OZRBESIE IOl

e FSURR—METARILELTTCPEFI B
m Fi%, HERBIETCPIZE RS

& BN ZARIRMLDORIR
o BREROEDEEHE

o BREEIRIZ T TRGRY S ERI AT EE

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved

INARGRILDRIR

@ AS (Autonomous System) Z&H S THRI
« AS: —BLI=RUSER L —TAVTRA Y

@ (prefix, AS-path, attributes) #E&LHTHS 1L
« (AS-path, attributes, { prefix1, prefix2, ... })
2 BIEEEHIR
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INAEBE (Path attributes)

@ AS_PATH
@ ORIGIN
@ NEXT_HOP

& MULTL_EXIT_DISC (MED)
@ LOCAL_PREF

& ATOMIC_AGGREGATE

@ AGGREGATOR

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

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, (received-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

500
202.249.2.1 from 202.249.2.1 (203.178.136.4)
Origin IGP, metric 1010, localpref 400, valid, external
2500, (received-only)

BGPDIREEEH
OPEN
e D Camen

\ ‘ OPEN
OpenConfirm

3 KEEPALIVE, NOTIFICATION & 4B Established
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IBGP and EBGP

AS2500 “peer” AS4730
©2004 Sug hi and Youki Kadobayashi. All rights reserved.

IBGP, EBGP D& E 4

= IBGP
2 F—ASHD TR THIBGP/L—2E Ay 2tk
IZ peer ZREILLAITIEAESITL
w PIEEM RS DL E IR
1§ RTHIBGPIL—EA R LIEHREFED
@ EBGP
= EIEASDHEBGP/L—2 LRI E LA
hiEEsiL (REIELT)
i [ EASERICIEHREH OB E L

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

RUSIN—F42T
Policy Routing
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rROY vs FRY: Transit AS, stub AS

ISP ISP ISP
A C B

ISP C: Transit AS

ISP ISP

User: Stub AS

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

ERRHIEICHFHRI>

o RERYY

o BEIL—RITRELTROERE

o BT RETHORE

o RERID., ANV Y SRBHEDRE
2 2Z2IFARR)D

* RIBIZRBRL TKULVERE, RBUG RETRHRUMEER
o ®ARYY

« BHORIBOSHENZERELFIBISERAY 55
© BRARYY

» RIBEITOREROER. BERMA

- BEALTEVER, BEMEEOAN) VY

©2004 Suguru Yamaguchi and Youki Kadobayashi. Al rights reserved

rS2OWRASDRY) S

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

ISP ISP ISP
A C B

1
ISP C: Transit AS

©2004 Suguru Yamaguchi and Youki Kadobayashi. Al rights reserved




Stub ASD7RY

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

ISP ISP
@ User @

User: Stub AS

©2004 Sugurt

IW—RIZEITHRICDER

@ match: /RS BERXRET HRHRDER
= AS-path, /SXEME. 7RLR...

@ set: BIEDIETE
= REBRRIEEDER
@ next hop L—32DERE
= NNABHOHE. ER

@ match-setEi D #& 5 TR S50

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

ERROER

Aggregation of routes

©2004 Suguru Yamaguchi and Youki Kadobayashi, Al r

ights reserved



Default route

©0.0.0.0/0 (IPv4), ::0/0 (IPv6)
@ Longest-match — B BRREDREZIZIVF
o ROk, BERBOEIRICHE

Transit AS

R

“prefix ::0/0 next-hop R1”

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

Default—free

@ Default routeA %L ViR BE
@ Tier-1 ISPs, North America backbone

(source: UUNet network maps, www.uu.net)

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.
—_— —

BRIRDEH (aggregation)

©163.221.10.0/24 & 163.221.11.0/24 (&
163.221.10.0/23 TRIETES

163.221.64/18

163.221.192/18

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.
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Aggregation at the border

e BEOENIIIL—TFTAVITRAMODERT

OSPF backbone

.

“163.221.0/18 viaR1”
(Summary LSA)

OSPF area 1

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

Aggregation at multiple levels

OSPF areas OSPF backbone “163.221.0/16 via BR”
(BGP advertisement)

163.221.10.0

163.221.52.0

163.221.56.0 “163.221.0/18 viaR1”
(Summary LSA)

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.
—_— —

EHEHDEER

o EHTEIMESIMITRLREIY LB TRE

HEMATRLREIYLTHEER

' RRERIIARFIILELFETELN?
o HAISPHRRRTHLEFHTE N

1 — prefix renumbering
« BWTEDTRLAAFHER
- BB EIHbhATINS
| BERENEIFEETEIOLENHD
© AUE—R 2K T170,00042 2%
- BGP table growth trends -

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.
—_— —
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C_ETODFEED

: B RRERHEHOERA
= IGP, EGP
P INARG L BR BRI AR
BGP
= /NRJE M, AS path, ASE=S
= IBGP, EBGP
@ Transit, Stub
= Default, default-free
oRIREN -EZAH.BER

©2004 Sugi

o5
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