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earea  routing level2 routing

elevell routing

levell(L1) Levell IS
eleve?2 routing
level2(L2) Level2 IS

elevell routing level2 routing

levell/level2(L1/L2)

. L2
levell routing

area
L1/L2

s CLNS(Connectionless Network Service)

— 08I [P

oSl

= NSAP(Network Service Access Point)address

— CLNS

TCP/IP OSl|
IP CLNS
IP NSAP

88




|S-1S Routing Protocol

= IS-IS LSP(Link State PDU) OSI

— IS-IS 0Sl CLNS
- 0SlI NSAP NET
NET OSPF ID
— IP IS-IS LSP
u
1 CLNS [S-IS
2 NET
3P CLNS
m OSPF IS-IS
OSPF [S-1S
[P CLNS
ID NET
IP NSAP
P P CLNS
9
Levell and Level2 Routing
m Dijkstra’s
— Levell Level2
m Levell IS
- Levell IS-IS routing table
= metric L1/L2
default route
» routing table 0.0.0.0/0
» L1/L2 L1 LSP ATT(Attached) bit 1
m Levell/Level2 IS
— Level2 IS-IS
= Levell IS-IS

90




NSAP address

= NSAP address

Example 47.0004.004D.0003.0000.0C00.62E6.00

(. PAN )
IS-1S area address System address (=System ID +
s NET ( 1 13byte ( 7hyte)
— System ID
- MAC
» system ID 6bytes
— loopback IP address
» 6bytes 16 12 12
3 10

loopback IP address 192.168.10.1
~system ID  1921.6801.0001
LA AR

192.168.10. 1

91

Config

clns routing

!

interface loopback0

ip address 10.1.0.2 255.255.255.255
ip router isis ****

!

interface serial0

description isis level-1 connection
ip address 10.1.2.1 255.255.255.0

ip router isis **** 1P IF
IF NW
(0SPF network
clns router isis **** - CLNS IF
(1P
isis circuit-type level-1 - Level 1 routing
1
router isis ****
redistribute static metric 0 -static
net 47.0000.0100.0100.0002.00 - loopback IP 10.1.0.2 systemlD
is-type level-1 -level 1
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1) SIS

config

router isis
net X X.XXXX.XXXX.XXXX.XXXX.00
ISIS
NW
int xxx
ip router isis

Level-1/2
Level-1 Level-2-only

93

1S-1S

OSPF

s SPF OSPF
ID NSAP
NET
= [SIS Level-
1/2 OSPF
OSPF
area /
L1 Ly 2 el
area
routing Ll/L\g evel2
routmg

L1 area
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OSPF ISIS

ISP 1S-1S
IS-1S

= CLNS

IS-IS

1S-1S
OSPF

95

(2) BGP
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BGP OSPF
AS |IGP/EGP
= ISP

= BGP

97

BGP OSPF (1)

OSPF BGP

LSA UPDATE

IGP : Interior Gateway Protocol EGP : Exterior Gateway Protoco

98




BGP OSPF 2)
OSPF BGP
LSDB UPDATE
BGP OSPF (3)
OSPF BGP

30

--flooding
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AS Autonomous System)

— Routing Domain
n ISP
m 16 1 65535)
—Global IP Japan AS4689
—OCN AS4713
—64512 65535 AS

101

The Internet
(1)

= 3
— InterAS
»AS Default-Free EGP

— IntraAS
»AS AS IGP

— End-User
» Static IGP

102




The Internet
(2)

m CIDR — Classless Inter-Domain Routing
— classA, classB, classC

— classC
» Aggregation —
— interAS

— classA

» classA (61/8
—126/8) /16 -- /119

103

The Internet

(3)

u Inter AS

= BGP || Default-free
EGP

Fan
9 10
Default route

default route (T 1000
OSPF Intra AS >

Default route
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The Internet

—CIDR

»

(4)

105

ISP
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AS

= JPNIC
— ftp://ftp.nic.ad.jp/jpnic/ipaddress/as-
application.txt
» 2000 12 )
m AS
— RFC1930

»
» ftp://ftp.nic.ad.jp/jpnic/ipaddress/rfc1930-jp.txt
» IX

107

= IGP

= BGP - AS -
2 AS

single point of failure
AS

108




BGP

m 2 ISP

= NSPIXP2 NSPIXP3 JPIX

ISP
— JPNIC
- ISP ISP
109
router bgp 20000 « | BCP |
no synchronization | s |
no auto-summary*
IGP BGP

network 172.16.0.0___| |
network 192.0.1.0 | [EF |
aggregate-address223.224.0.0 255.255.0.0 summary-only
neighbor 202.249.2.60 remote-as 468 | X |

neighbor 202.249.2.60 route-map A S4689-imt
neighbor 202.249.2.60 route-map ixp-out out | Peer |

Route-map
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BGP
(2

= |Inbound

route-map AS4689-in permit 10 <
match as-path 10
set local-preference 110

!
route-map A 4689-in periM
match as-path 20

set local-preference 100
!

111

BGP
3

s Aspah
ip as-path access-list 10 permit 4689%
ip as-path access-list 10 permit 4689 5511$

ip as-path access-list 20 permit _4000
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_IGP gredate
n
|
IBGP
BGP Full route
113
IBGP
m eBGP IBGP
m [BGP
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IBGP
m Synchronization

- IGP

= Next-hop
n IGP default

Full route
net

default

Full ro

IBGP

= No synchronization
— IGP synchronization c )

— IGP
» BGP BGP

] BGP

— BGP

Transit layer

Access layer
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IBGP

= IBGP
|
IGP BGP
)
|
IGP
m IGP BGP
= BGP BGP
|
117
IBGP
m iBGP IBGPpeer
mesh peer
- 5 10peer
-10 ? 10C2 =45
»11 10peer
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iIBGP mesh
IBGP (1)

sit layer

119

iIBGP mesh
IBGP (2)

router bgp 4689

bgp cluster-id FOUR-BY TE-CLUSTER-ID
neighbor CLI.ENT.IPA.DDR remot-as 4689
neighbor CLI.ENT.IPA.DDR route-reflector-client

120




iIBGP mesh

BGP (1)
m BGP (confederation)
—AS SUbAS
eBGP
— mesh

121

IBGP mesh
BGP (2)
— BGP ID
— Confed AS confed peers
router bgp 65001

bgp confederation identifier 4689
bgp confederation peers 65001 65002 65003 65004
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AS BGP

<5}
o
o
N
D
D
S
“—
I
=
>
©
u—
D
()

/POP

123

BGP

—POP
—BGP

2
m BGP

AS BGP

<5}
<
o
N
(<5}
(<5}
S
“—
|
=
>
©
“—
<8}
()

RR

POP
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AS BGP

m POP Default-free zone
SUbAS

m BGP _
IBGP

confedBGP <
SUbAS <~

m [GP
OK

125

eBGP (1)

|
—90,000 -- CIDR Report by Tony Bates**

»128MB 256MB
m Peer
—IX peer
—NSPIXP2 50peer +upsteam
10MB

** http://www.employees.org/” thates

126




eBGP 2)

m Route flapping

CPU
Flap Dampening
»..(config-router)# bgp dampening ¢

»

127

eBGP (3)

peer
» Upstream full route

soft-reconfiguration ¢
»

» Outbound
m Clear ip bgp PEER soft out

»Inbound neighbor
= Neighbor ADDRESS soft -reconfiguration inbound

n Full route 10MB
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()

m BGP
- (NLRI)

— peer AS

= upstream

129

(2)

— Local Preference

»
— AS-path

» AS

» AS-path prepend AS
—MED

» AS peer
— Community Attribute

» 32
130




Local Preference

172.16.0.0/16

AS20001

AS Pah AR
Loca_Pref AS
Prefix AS Path LocPref
Loca_Pref>
\ >172.16.0.0/16 20004 20003 20001 100
172.16.0.0/16 20002 20001 20

AS PATH: AS PATH:

20002 20001 20004 20003 20001
131

AS PATH

172.16.0.0/16 AS PATH: 20001

AS20002 AS PATH:

20002 20001
AS PATH: 2000
AS20003

2.16.0.0/16

AS PATH: 20004 20001

AS PATH:

Prefix ASPah 20003 20002 20001

172.16.0.0/16 20003 20002 20001
> 172.16.0.0/16 20004 20001
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AS Path Prepend

AS AS PATH length
172.16.0.0/16
as-path prepend 20004
l/ AS20004
AS PATH: AS PATH:
20004 200 {20004

‘ AS20002

AS_PATH 172.16.0.0/16 AS_PATH
20003 20004 20004 20002 20004
Prefix AS Path AS20001

172.16.0.0/16 20003 20004 20004
>172.16.0.0/16 20002 20004

133

MED

AS20001 172.16.0.0/16

Router Routerl
172.16.0.0/16
MED 100{ MED200
&\i‘ Router2
AS20002

Private Peering IX

Prefix ~ ASPath MED ISP Private Peering

172.16..0.0/24 20001 200
> 172.16.0.0/24 20001 100
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Community

m AS
[ |
— New-format — 32 16
» 5511:1000
— — AS
— — AS
135
Community
m 1 RFC1998
—3561:70 LocPref=70
—3561:80 LocPref=80
— AS
m 2 ISP

—4694:10ab a AS
b: AS-path Prepend 1 3
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BGP

» Cisco
— .Local Preference
—2.AS PATH
- 3. MED
-4.1GP Next-hop
- 5.BGP ID

(cos/metric)

137

~ outbound

— Outbound
inbound

Inbound

— As-path prepend, community
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(3)

139

(3-1)
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s RFC2791 - Scalable Routing Design Principles

- JessicaYu, CoSine
= Informational RFC
m 1]

— http://www.janoq.ar.jp/doc/draft-yu-routing-scaling-01-

J.oxt
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Tierl

0 BGP
[ ]
m (70,000 — 90,000)
[ |
143
) » IX iBGP
» BGP IGP LSDB
— CPU
» flapping
» LSA

»
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[ |
[ |
m out-of-band

145

m Transit Core Network

— OSPF
—1S-1S levedl, level2
—iBGP

Access Network
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— OSPF
— BGP Confederation

|GP

147

— Flap dampening
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= Out-Of-Band — Route Server

- aggregate, summarize
— default route
» Single-home

» 2 ?

149

- out-of-band
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out-of-band

|
— Routing ----

— Forwarding ----
|
— Routing ---

— Forwording ---
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(3-2)
static-to-bgp




m OSPF

m OSPF
m static BGP redistribute
|
|
|
153
OSPF
m AS4713(OCN) OSPF
—90% external customer

static OSPF redistribute

= aggregate

—JPNIC
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OSPF

m OSPF external

external

— Exchange - init

OSPF
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OSPF

s OSPF
— Confederation

»
u

»

s OSPF IS-IS
| |
m static OSPF IBGP
redistribute
157
Static BGP redistribute
= Static OSPF IBGP redistribute
— IGP BGP external BGP
OSPF
- 123, OSPF
— BGP
|
— iBGP loopback
- loopback OSPF
— static BGP
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BGP next-hop

redistribute loopback

= next-hop OSPF
recursive lookup

Loopback address

> @ ——

static

~ U

iBGP redistribute

159

(1)

m BGP  no-export community

specific AS

AS

no-export
staticl
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m Route Reflector

2)

Reflector
n filtering
Cluster
% Reflector
Reflector i
filterin
JL route-reflector -client
161
[ |
AS4713
|
m Static IBGP
m OSPF
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(3-3)
Confederation

Confederation
= iIBGP  mesh -- Confederation or
Route Reflector??
— iBGP iBGP peer
. BGP peer
= Route Reflector
- BGP iBGP

» mesh BGP
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BGP Confederation ?
m AS BGP
AS
AS4689
A S65002 A S65001
AS468! AS4689
ASA673 A S65003 ASA713
165
|GP
m SUbAS IGP
-~ AS subAS
—AS IGP
» OSPF
46
OSPF6500 OSPF6500
A$65 50D1
AS4689 50 AS4689
AS4673 SIS AS4713
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Confederation

router bgp 65001
bgp confederation identifier 4689
bgp confederation peers 65002 65003 65004

167

Confederation

m OSPF
— OSPF I

-~ and more...
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Confederation

= confed SUbAS eBGP, subAS
IBGP
m LocPref, MED, NextHop  subAS
(iBGP )
m confed SubAS  ASpath
hop

169

Confederation

ups
SUbAS network
— OSPF redistribute aggregate

s AS

— aggregate generator

- specific  filter out
= Next-hop

— nexthop-self  subAS AS

— Inter-subAS IGP nexthop-self
] 1AS

— OSPF BGP
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— Internet Routing Architecture -
AS -

m confed SUbAS hop

— attribute
» bgp deterministic med MED
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