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Variable Length Subnet Mask
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prefix
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- RIP
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— ip subnet-zero
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= RIP1
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OSPF

17

RFC 1583 (March 1994)
~RFC 2178 (July 1997) 10 backward-compatible
~RFC 2328 (April 1998) 4 backward-compatible

Open Shortest Path Fast
version 2

IP 89
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»

- 30 LSA
refresh
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- AS OSPF process
process ID 1 65535 AS

= network 192.168.0.0 0.0.0.15 area 0

» OSPF
» OSPF

OSPF config
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— OSPF STATE log
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m passive-interface Ethernet1/0
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— OSPF stub network OSPF
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= Interface
|
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. 10 Hello
- NW NW 30
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|

HELLO
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ip ospf dead-interval <senconds>
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ip ospf authentication-key ***** (interface )
area ** authentication (router ospf ** )
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redistribute
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default-information originate always

» always
BGP BGP

»

BGP
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» CPU
default-route default-route default-
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Extermal routes static redistribute
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default-information originate metric <metric> metric -type <1;2>
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typel external internal
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— type2
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( 0 0 IA 0 El 0 E2 )
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— loopback loopback
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(One possible
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- ID link-state
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— iBGP

ID
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» syslog, tftp
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OSPF Typel 3

s HELLO(Typel)
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DR/BDR
10sec

»

= Database Description(2) & Link-state Request(3)

DR

LS age Link-state

Link-state Request
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a7

OSPF Type54 LSA
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*
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2
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NSSA

m RFC1587 " The OSPF NSSA Option”
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SPF(Dijkstra)
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*HEROM**
IRTIRTIRT|RT|RT|RT] Areal intra-area
1112 13 14 |5 |7 IN3
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T
0 inter-area
RT3 RT4
la,1b] RT7 RT10
’N6| SPF tree
N7
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NS AS external
Area 1"s Database.
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RT-a RT-b 1
RT-¢ 2
RT-d 5
m O(log(m))
RT-b RT-c 2
RT-e 3
RT-¢(3) | —7 RT-d &
O(1* log(m) ) 0(log(m) RT-f 8
n m n
RT-c RT-e 3
O(I *log(n)) RT-d 5
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RT-g 10
0(n?)

60




OSPF

OSPF SPF
Link-state

- adjacency
— sh ip ospf neighbor DR BDR FULL

» Exchange - Init
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OSPF

— OSPF Anatom of an Internet Routing Protocol

» J. Moy
= RFC

» January 1998
— OSPF DESIGN GUIDE
» Bassam Halabi -Cisco Systems Network Consulting Engineer

» April 1996
» http://www.cisco.com/warp/public/104/1.html
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Tips

» ip ospf priority
loopback
- ID loopback

[ Area
— C7513 RSP4 256M 100
CPU
»
»
— Halabi 50 60 70
— Moy 1991 200 350
50
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OSPF Tips
| |
- ATM-SW SW
n
— OSPF 200 300B
1LSA 100B
» b 15M+a Byte
= DR/BDR
— DR
- DR
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area 0

virtual link

» default-information originate

BGP OSPF redistribute

»

AS external

Tips
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RSP2 RSP4

static-to-bgp
confederation

» OSPF

» |S-IS

»

» virtual link

»

v

» etc...
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IS-1S

67

SIS
" ISP OSPF
s OSPF
- OSPF
o ISP
||
m C OSPF

McQueen’s grandma

IS-1S

IS-1S
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SIS

Link state routing protocol

oSl Links State Routing
Protocol

- OSPF
- DR

Levell and Level2

Cost-based routing protocol

llink Metric 0 63
default 10 IF

metric 1023

NSAP address

NSAP Address

VLSM
OSI CLNS  TCP/IP
Cisco 6path
IS-1S Integrated IS-IS
69
sarea
earea OSPF

L1

Levell
routing

L1/L2

Levell

earea  routing levell routing

earea  routing level2 routing

routing

Levell
routing

O\t
Levell
routing evell
Level L

elevell routing

levell(L1) Levell IS
eleve2 routing
level2(L2) Level2 IS

elevell routing level2 routing

levell/level2(L1/L2)

. L2
levell routing

area
L1/L2




s CLNS(Connection Network Layer Service)

0Sl

[P

ON]

= NSAP(Network Service Access Point)address

CLNS

TCP/IP ON]|
IP CLNS
IP NSAP
71
m IS-IS LSP(Link State PDU) OS
— 1S-1S oSl CLNS
- osl NSAP NET
NET OSPF ID
— IP S-S LSP
| |
1 CLNS 1S-1S
2 NET
3 1P CLNS
= OSPF IS-IS
OSPF IS-1S
P CLNS
ID NET
IP NSAP
Ip IP CLNS




Levell and Level2 Routing

m Dijkstra’s
— Levell Level2
m Levell IS
- Levell IS-IS routing table
- metric L1/12
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
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NSAP address

= NSAP address

Example 47.0004.004D.0003.0000.0C00.62E6.00

\ AN 7
V VO
IS-1S area address System address (=System ID + )
( 1 13byte ( 7byte)
= NET
— System ID
— MAC
» system ID 6bytes
— loopback [P 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 74




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
(OSPF  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 systenlD
is-type level-1 - level 1
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config

1) ISIS
router isis
net XX.XXXX.XXXX.XXXX.XXXX.00
2) ISIS
NW
int xxx
ip router isis
Level-1/2

Level-1 Level-2-only
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1S-IS OSPF

= SPF OSPF
ID NSAP
NET
= SIS Level-
1/2 OSPF
OSPF

area /

L1 LNL2 et
area
L1 routing Ll/L\g evel?2
rout )}L/
L1X?2
L1 L1 area
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OSPF ISIS

u ISP 1S=1IS
IS-IS

||
| |
= CLNS
u IS-IS

IS-1S

OSPF
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(2) BGP
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BGP OSPF

(1)

OSPF BGP
LSA UPDATE
LSDB UPDATE

LSDB AS

30 --flooding
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BGP OSPF 2)

OSPF BGP

OSPF

8l

AS Autonomous System)

[ |

. ISP

x 16 1 65535)
—BIGLOBE AS2518 OCN AS4713
—64512 65535 AS

82




The Internet

m Inter AS, Intra AS,

jl 65,000

BGP || Default-free

Inter AS

D

End-User EGP
' ..
Default route t
= S 1000
Intra AS
] OSPF| ., )
83
= |GP
= BGP- AS >
2 AS

single point of failure
AS
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- IGP

IBGP
BGP Full route
85
iBGP (1)
m eBGP IBGP

m iBGP
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IBGP (2)

m Synchronization

— IGP
= Next-hop
n IGP default
net Full route
default
Full ro
IBGP
m No synchronization
—IGP synchronization (c )
n BGP
—-BGP

Transit layer

Access layer
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iIBGP
m iBGP

—10
»11

iIBGPpeer
mesh peer
5 10peer
? 10C2 =45
10peer

iIBGP

mesh
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IBGP
= iBGP

mesh
(RR)

IBGP

Transit layer

(1)
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IBGP  mesh (2)

m BGP
—AS SUbAS

AS6500 , | ~——__AS65002
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AS BGP

Default-free zone

/POP BGP

= BGP

—POP

BGP
~BGP

92




AS BGP

<5}
o
o
N
D
D
S
“—
I
=
>
o
“—
D
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RR

POP

AS BGP

Default-free zone

POP

SubAS
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eBGP (1)

[
— 65,000 -- CIDR Report by Tony Bates**
» 128 MB 64MB
m Peer
—1X peer
—NSPIXP2 50peer +upsteam
10MB
** http://www.employees.org/” thateg
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eBGP (2)

Route flapping

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

»
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eBGP (3)

[ |
- peer
» Upstream full route
— soft-reconfiguration ¢
»
» Outbhound
= Clear ip bgp PEER soft out
»Inbound neighbor
= Neighbor ADDRESS soft -reconfiguration inbound
L] Full route 10MB
97
m BGP
— (NLRI)
[ |
— peer AS
— upstream
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(2)

— Local Preference
»
— AS-path
» AS
» AS-path prepend AS
— MED
» AS peer
— Community Attribute
» 32

99

AS PATH: AS PATH:

Local Preference

172.16.0.0/16

AS20001

AS Pah AR
Local_Pref ASA

5 Prefix ASPah LocPref
X Local_Prej>
AS20005 - >172.16,0.0/16 20004 2000320001 100
172.16.0.0/16 20002 20001 90

20002 20001 20004 20003 20001
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AS_PATH

AS PATH: 20001

172.16.0.0/16

AS20002 AS PATH:

20002 20001
AS _PATH: 2000
AS20003

©.16.0.0/16

AS PATH: 20004 20001

AS PATH:

Prefix ASPath 20003 20002 20001

172.16.0.0/16 20003 20002 20001
> 172.16.0.0/16 20004 20001

101

AS Path Prepend

AS AS PATH length
172.16.0.0/16
as-path prepend 20004
/ 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
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