ISP

Matsuzaki Yoshinobu
<maz@iij.ad.jp>
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« 192.168.0.0/24
= 192.168.0.0 192.168.0.255
192.168.0.0 mask 255.255.255.0

192.168.0.10 mask 255.255.0.255

192.168.0.0 192.168.2.255
192.168.0.0/23, 192.168.2.0/24
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(Classless)

—IP
~RIP

A 0.0.0.0~127.255.255.255 - /8
B 128.0.0.0 ~ 191.255.255.255 -, /16
C 192.0.0.0 ~ 223.255.255.255 - /24
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172.16.0.0/24 10.0.0.1
192.168.0.0/24 10.0.0.6

| 192.168.0.0/24
RT1
0.0.0.1 Rl 10005 RIS
10.0.0.2 10.0.0.66 i
172.16.0.0/24 |
172.16.0.0/24 10.0.0.5
E !E !E ! 192.168.0.0/24
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Copyright (C) 2005 Internet Initiative Japan Inc. 8




— connected

— static

* OSPF 1S-IS BGP
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1. prefix ( )
- (/32) €>default  (0.0.0.0/0)
2.
connected
static

(ospf, bgp, etc...)
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(distance vector)

—RIP
(link state)
— OSPF IS-IS
(path vector)
—BGP

Copyright (C) 2005 Internet Initiative Japan Inc.
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AS

e Autonomous System
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IGP EGP

e IGP
_ OSPF IS-IS BGP
—AS

- EGP o
- BGP ]
—AS

Copyright (C) 2005 Internet Initiative Japan Inc. 16




 OSPF or IS-IS
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OSPF
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OSPF RFCs

— [RFC2328] OSPF Version 2

— [RFC2370] The OSPF Opaque LSA Option

— [RFC2740] OSPF for IPv6

— [RFC3101] The OSPF NSSA Option

— [RFC3137] OSPF Stub Router Advertisement

Copyright (C) 2005 Internet Initiative Japan Inc. 20

10



OSPF

* AS - Autonomous System

— OSPF
- BGP AS
o AS BGP AS
 ASBR — AS boundary router
—AS
— static AS
Copyright (C) 2005 Internet Initiative Japan Inc. 21
OSPF
J ID
— OSPF AS 32bit
P
- ID OSPF
loopback IP

Copyright (C) 2005 Internet Initiative Japan Inc.
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OSPF

OSPF
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(LSDB)

SPF)
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12



(link cost)

Copyright (C) 2005 Internet Initiative Japan Inc. 25
172.16.0.0/24
172.16.0.0/24 13+7+3=23
[ ]
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13



RT4 gpasssmEsmEsmmgglld
2

172.16.0.0/24
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27

RT4  pmmmEEEEEEEmg R0
- 2

172.16.0.0/24
°

» Equal Cost Multi Path(ECMP)

Copyright (C) 2005 Internet Initiative Japan Inc.

172.16.0.0/24 3+1+2+17=23
172.16.0.0/24 3+7+13= 23

28

14



(external route)

RTL  static RT2 RT3
- [ c

‘:.%15 13 ‘:_%

172.16.0.0/24 |

e RT2 static OSPF AS

Copyright (C) 2005 Internet Initiative Japan Inc. 29

e Typel -
- Type 1

e Type 2 -
— Type 2
Type 2
— Type 2

. Type 1l Type 2
Type 1

Copyright (C) 2005 Internet Initiative Japan Inc. 30

15



Type 1

static T | - | Tstatic

................................... ®RT3
OSPF AS e

RT3
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« RT1

Type 2
static Tl f

Type 2
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static T | - | Tstatic

................................... ®RT3
OSPF AS =

. Type 1

Copyright (C) 2005 Internet Initiative Japan Inc. 33

- OSPF
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LSDB
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(inter-area )

(intra-area

- inter-area
intra-area ; j
area
m'lfpﬁf Tﬁ‘/ﬁ
|

Copyright (C) 2005 Internet Initiative Japan Inc. 36
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ID(area ID)

. 32bit
— ID
—area 0
o IP 8bit
—area 0.0.0.0
Copyright (C) 2005 Internet Initiative Japan Inc. 37
(area 0)
. ID
« OSPF
OSPF AS 4 area?2
5 B ]
“area 1l ./ area ./ area 3 h
QF > l ; ':—t“l
Copynght (C)2005-Internet-Initiative-Japan-inc: 38
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stub

. OSPF

. default

— ASBR
— stub

Copyright (C) 2005 Internet Initiative Japan Inc. 39

area 2 stub

OSPF AS , area 2 - stub
(S DE—

O &=

L —n\ﬁ

e area 2 (inter area ) default

. area 3 stub

Copyright (C) 2005 Internet Initiative Japan Inc. 40
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OSPF

IP IP IP IP IP
OSPF OSPF OSPF OSPF OSPF
HELLO DD LS Req LS Update LS Ack
S LSA LSA LSAs LSA S

Copyright (C) 2005 Internet Initiative Japan Inc.

41

LSA(link state advertisement)

Copyright (C) 2005 Internet Initiative Japan Inc.

LSA

42

21



LSA)

* link state advertisement
[ ]
e LSA LSDB
[ ]

Copyright (C) 2005 Internet Initiative Japan Inc. 43

LS
1. LSA
p2p, transit, stub, virtual 4
2. LSA
3. LSA )
4, LSA ASBR)
ASBR
5. AS-external-LSA
Type 1l Type?2
Copyright (C) 2005 Internet Initiative Japan Inc. 44

22



LSA

LS
6. group-membership-LSAs
MOSPF
7. NSSA-external-LSA
NSSA
8. (External-attributes-LSA)
RFC
9. Opaque LSA(link-local scope)
LSA
10. Opaque LSA(area-local scope)
LSA

11. Opaque LSA(as-wide scope)
LSA OSPF AS

Copyright (C) 2005 Internet Initiative Japan Inc.

45

LSA

e LS age .
— LSA — LSA
- 01 - LS

e LS LS
— LSA 1

o ID 2 DR
— LSA ID 3

. LS g ASBR
— 32bit

LSA

— LSA
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46

23



LSA header

< 32 bit >
LS age | Options | LS
ID
ID
LS
LS length
o 20-octet
e LSA
-LS : ID, ID
. LSA
—LS age, LS , LS
Copyright (C) 2005 Internet Initiative Japan Inc. 47
°
« 4
4. virtual Iink‘!?%
3. stub network
Copyright (C) 2005 Internet Initiative Japan Inc. 48

24



LSA

LS 1
< 32 bit > LSA
V bit: virtual RN LS age | Options | 1 /(\
z ID = ID
: ID = ID L‘D ID
E bit: ASBR |2 LS
bit: ABR ¢ LS l length
] 00000VEB00000000 | ﬁ
1:p2p R
2:transit ID
3:stub rﬁ
4:virtual #TOS
$[_TOS 0 TOS \
os ] [
TOS RFC2328 TOS

0

Copyright (C) 2005 Internet Initiative Japan Inc.

LSA

- p2p

LS

;

< 32 bit LSA
i LS age I Options I 1
% ID = 10.0.0.3( ID) unn_u_mbered
8 ID = 10.0.0.3( ID) ifindex
s P
@ LS
} LS I length
o | 00000VEB00000000 |
ID =10.0.0.2
1 l =0.0.0.4 7
= p2p 1 [#TOs=0] =7
RT1 RT2
ID point-to-point link__ g ID
10.0.0.2 J 7 ¥ 10.0.0.3

ifindex:4

Copyright (C) 2005 Internet Initiative Japan Inc.
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LSA

— transit

LS 1
> LSA

< 32 bit
i LS age I Options I 1
3 ID = 10.0.0.3( ID)
2 ID = 10.0.0.3( ID)
g LS
y LS | length IP
MOOVEBOOOOOOOO l
ID = 192.168.0.1
21 =192.168.0.3
L:m/ 2 |#TOS=0] =3
RT2
192.168.0.0/24 ~ ID
192.168.0.1 @ﬁ% 10.0.0.3
D & 5 192.168.0.3
10001 DR  BDR
Copyright (C) 2005 Internet Initiative Japan Inc. 51
LSA stub —
< 32 bit > LSA
i LS age I Options I 1
g ID = 10.0.0.3( ID)
2 ID = 10.0.0.3( ID)
g LS
v LS I length @

P [ 00000VEB00000000 | \
ID = 192.168.3.0
3 ) = 255.255.255.0
= stub pe 3

|#TOS=0]| =5
192.168.3.0/24

RT2

- ID
% 10.0.0.3
192.168.3.1
Copyright (C) 2005 Internet Initiative Japan Inc. 52
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A

LSA — virtual

LS 1
32 bit > LSA

i LS age I Options I 1

g ID = 10.0.0.3( D)

g ID = 10.0.0.3( ID)

g LS .

i LS I length Link 1P

o MOOVEBOOOOOOOO l \
ID=10.0.0.4

41 =192.168.4.1
= virtual > 4 |#TOS=0]| =10
RT2
. Buy
RT4 ‘ L (Ci iy (LT R, | : ID
IDE ¥ 10.0.0.3
10.0.0.4 ™= 192.168.4.1
Copyright (C) 2005 Internet Initiative Japan Inc. 53
e stub
ID
1 p2p ID MIB-II ifindex
( P )
2 transit DR P P
3 stub P
4 virtual ID IP
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LS

e transit

2 - LSA

Copyright (C) 2005 Internet Initiative Japan Inc. 55

<«— LSA header —»

LSA (s

32 hit > LSA

LS age I Options I 2 //(\
ID = DR IP
ID = ID "DDR
LS
LS length {—T
ID
ID
Copyright (C) 2005 Internet Initiative Japan Inc. 56
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LSA LS 2
< 32 bit > LSA
i LS age | Options | 2 /(\
3 ID =192.168.0.1
8 ID = 10.0.0.1(DR D) DR
g IP
] LS
v LS I length
255.255.255.0 <

192.168.0.1 \L

192.168.0.6

192.168.0.9

192.168.0.0/24

192.168.0.l| 192.168.0.6| 192.168.0.9|
v . : ’

10.0.0.1 DR BDR

Copyright (C) 2005 Internet Initiative Japan Inc.

LSA

< 32 hit >
i LS age I Options I
% ID =DR IP
5 ID = ID
4 LS
} LS length
ID
ID

Copyright (C) 2005 Internet Initiative Japan Inc.
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LS 3 - LSA

- area . [ area

Copyright (C) 2005 Internet Initiative Japan Inc.

LS 3 LSA(s

LSA

« 32 bit >/ )
i LS age I Options I 3 //(\
3 ID = P 4
2 ID = ID L P
@ LS
} LS length

- J ]

11 TO0S ] TOS \

TOS

RFC2328 TOS

Copyright (C) 2005 Internet Initiative Japan Inc.
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I—
w

A

3

ID =192.168.3.0

32 bit
LS age | Options |

ID = 10.0.0.5( ID)
LS

<— LSA header —»

LS I length

255.255.255.0

area l
192.168.3.0/24

0 — { ]
Voo areaO

- °
®ece®

ID

10.0.0.5

Copyright (C) 2005 Internet Initiative Japan Inc. 61

* LS 3

4 - LSA

" area

Copyright (C) 2005 Internet Initiative Japan Inc. 62
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LS

4

LSA (s 4

LSA
< 32 bit > (ASBR)
T LS age | Options | 4
5 ID = ASBR ID ASBR
g ID = ID ID
<
9 LS
] LS length
0 ASBR
0o | 1
TOS \
TOS
RFC2328 TOS
Copyright (C) 2005 Internet Initiative Japan Inc. 63
. L 4
< 32 bit > S LSA
i LS age I Options I 4 (ASBR)
% ID =10.0.0.6 N
g ID = 10.0.0.5( ID) ASBR
5 LS 1D
} LS I length
0 /J/ASBR
0o | =6
" area " area

ASBR
ID

10.0.0.6

Copyright (C) 2005 Internet

10.0.0.5

Initiative Japan Inc. 64

32



LS 5 - AS-external-LSA

« AS (ASBR)
* Typel Type2

area area

Copyright (C) 2005 Internet Initiative Japan Inc.

65

AS-external-LSA m
) 32 bit - LSA

i LS age I Options I
g ID = 4
£ ID = L P
<
4 LS
} LS
(o5 E2]
TOS
RECo328 E[ Tos | TOS
TOS

66
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AS-external-LSA s 5

AS-external
32 bit > LSA

LS age | Options | 5 {\/ﬁ
ID = 192.168.6.0
ID=10006( D) L P
LS r ™
LS I length

255.255.255.0
1] o =5

L
=0.0.0.0 ASBR
0 |

192.168.6.0/24 / area v/ area

QAQ T 82- . ) . ) .
o TRe2

10.0.0.6
Copyright (C) 2005 Internet Initiative Japan Inc. 67

<
<

<— LSA header —»

DR BDR

Copyright (C) 2005 Internet Initiative Japan Inc. 68
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(neighbor)

Hello
(adjacency)

Copyright (C) 2005 Internet Initiative Japan Inc. 69

DR Other

DR Other DR Other DR Other

» Designated Router Backup
* DR Other( DR BDR
* DR LSA
Copyright (C) 2005 Internet Initiative Japan Inc. 70
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DR BDR

1. DR BDR
1. BDR
1. (Router Priority)
2. ID
2. BDR
1. (Router Priority)
2. ID
2. DR
1. DR
1. (Router Priority)
2. ID
2. DR BDR DR
Copyright (C) 2005 Internet Initiative Japan Inc. 71
°
- ID
°
* DR BDR DR
—BDR DR BDR
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OSPF

OSPF

Copyright (C) 2005 Internet Initiative Japan Inc. 73

OSPF packet heade

32 bit >
I I length
ID
ID
e 24-octet
1 Hello 1
2 Database Description 2
3 Link State Request 3
4 Link State Update
5 Link State Acknowledgment
Copyright (C) 2005 Internet Initiative Japan Inc. 74
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1 - Hello

— ID ID
- DR BDR
e Option
— E-bit:
Stub 0
Copyright (C) 2005 Internet Initiative Japan Inc. 75
- 1 - Hello
Hello 32 bit
C%f 2 ]_ =1 I length hello
OSPFv2 ID
i ID
I
b

hello I Option ‘i/

Copyright (C) 2005 Internet Initiative Japan Inc.
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R Hello
Hello 32 bit >

- 2 ]_ =1 I length
OSPF v2 ID =10.0.0.6

ader

ID =0.0.0.0

|

<«— OSPF he

255.255.255.0

hello =10 |Option:E| 100 <
=40 1

DR =192.168.0.1
BDR = 192.168.0.6
=10.0.0.1

192.168.0.0/24 area 0

DR 192.168.0.1 192.168.0.6 BDR
ID ID
10.0.0.1 10.0.0.6

~Copyright (C) 2005 Internet Initiative Japan Inc. 77

2 - Database Description

. LSA
— LSDB
- LSA
. ID
. DD
. MTU
e Option
— E-bit; (Stub 0)
Copyright (C) 2005 Internet Initiative Japan Inc. 78

39



2 - Database Description

2= 32 bit >
bb L 2 I =2 I length
5 1D
OSPF v2 g D
8 |
[%]
o
P
MTU | Option [000001M Ms

DD

| bit: Init
DD

M bit: More
DD

MS bit:
1: Master
0: Slave

LSA (20-octet)

o
-

Copyright (C) 2005 Internet Initiative Japan Inc.

79

Database Description

32 bit >

Master

+“—>

2=
LM -2 | =2 | length I bit: Init
5 ID =10.0.0.6 DD
OSPFv2 § ID =0.0.0.0
g l M bit: More
8 DD
LSA MTU = 1500 | Option: E | 00000010 MS bit:
DD -10 1: Master
= 0: Slave

LSA (20-octet)

Master

ID

10.0.0.6

Copyright (C) 2005 Internet Initiative Japan Inc.

DD
DD

80
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3 - Link State Request

- DD LSA
LSA
- LSA
- LSA
* LSA
-LS ID ID
Copyright (C) 2005 Internet Initiative Japan Inc. 81

3 - Link State Request

3= 32 bit

LS Regest [ 2 | =3 | length
5 ID
OSPF v2 8 D
: |
(o]
LS
ID
ID
-

Copyright (C) 2005 Internet Initiative Japan Inc. 82
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Link State Request

3= 32 bit >

LS Regest [ 2 | =3 | length
ID =10.0.0.6
OSPFv2 ID = 0.0.0.0

|

LS =1( LSA)
ID =10.0.0.2
ID = 10.0.0.2
LS =1( LSA)
ID =10.0.0.3
ID = 10.0.0.3
area 0

10.0.0.2 10.0.0.3
1D LSA
10.0.0.6

Copyright (C) 2005 Internet Initiative Japan Inc. 83

<«——p4———p<4— OSPF header

4 - Link State Update

. LSA
—LSA Hop by Hop
— Link State
Acknowledgment
Copyright (C) 2005 Internet Initiative Japan Inc. 84
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4 - Link State Update

LS Update [ 2 [ =4 | length

. ID
OSPF v2 g ID
& |
(@]
l LSA
y LSA
J LSA( LSA )
Copyright (C) 2005 Internet Initiative Japan Inc. 85
Link State Update
4 = 32 bit >
LS Update [ 2 [ =4 | length
5 ID =10.0.0.1
OSPFv2 | % ID = 0.0.0.0
5 |
(@]
i LSA
LSA =2

J 10.0.0.2 LSA

10.0.0.1 1

10.0.0.3 LSA
area 0
ID
10.0.0.6
86
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5 - Link State Acknowledgment

—LSA
- LSA

Copyright (C) 2005 Internet Initiative Japan Inc. 87

5 - Link State Acknowledgment

5= 32 bit >
LS Ack L 2 I =5 | length
ID
OSPF v2 D

|

LSA (20-octet)

<4—>» — OSPF header

Copyright (C) 2005 Internet Initiative Japan Inc. 88
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Link State Acknowledgment

5= 32 bit >

LS Ack L 2 ] =5 | length
ID = 10.0.0.6
OSPF v2 ID =0.0.0.0

header

10.0.0.1

|

10.0.0.2 LSA (20-octet)

ID
10.0.0.3 LSA (20-octet)

10.0.0.2 10.0.0.3
1D LSA
10.0.0.6

Copyright (C) 2005 Internet Initiative Japan Inc.

<+ ———p<«———p<«— OSPF

area 0

89

OSPF

ALLSPFRouter[224.0.0.5]

- OSPF

ALLDRouter[224.0.0.6]

- DR, BDR

p2p [224.0.0.5]

— Hello DR BDR LS update LS Ack [224.0.0.5]
— DROther LS update LS Ack [224.0.0.6]

- unicast

Copyright (C) 2005 Internet Initiative Japan Inc.
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LSA

Copyright (C) 2005 Internet Initiative Japan Inc. 91
1. Hello (2way)
. Hello ID
. DR BDR
2. DD (Exchange)
3.
LS Request LSA (loading)
e LS Update LSA
4. (Full)
Copyright (C) 2005 Internet Initiative Japan Inc. %
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- ID
- (p2p virtual )
— Option E-bit (stub )
— hello
« DD
- MTU
— Option E-bit (stub )
Copyright (C) 2005 Internet Initiative Japan Inc. 93
\\\)6 P
LSA LSA ( Qéhageé o
LSage=0 LSage=0 N2 6‘3({/‘
LSSeq=N LS Seq = N+1 N
t2 >
<4 LSRefreshTime —»4——— Max Age ———
(30min) (60min)
. LSA
 Max Age LSA or
LSA
[ ]
Copyright (C) 2005 Internet Initiative Japan Inc. 94
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LSA

 LSA 1
. ACK

SP@Q SP@Q SP@Q

" area RT1 Q‘ RTZ\/'C) \/CD

(3—3—3—3
—d v o i v ° B "v. . o TS
N N N
o o o
Copyright (C) 2005 Internet Initiative Japan Inc. 95

OSPF

. LSA
SPF

°
. —
— LSA
°
) Copyright (C) 2005 Internet Initiative Japan Inc. 96
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LSA

LSA

Copyright (C) 2005 Internet Initiative Japan Inc. 97
LSA, LSA
area 0 s/ areal
LS 3(stub )
LS 1( LSA) _
p2p, transit, stub, virtual © | LS 4( ASBR) ~
»
LS 2( LSA) . LS 3(LSA )
>
LS 3,4( LSA) »
»
LS 5(AS-external-LSA) o~
Ll
Copyright (C) 2005 Internet Initiative Japan Inc. 98
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LSA

. LSA
“areal area 0 area 2
LS 3(stub )
LS 1( LSA) _
p2p, transit, stub, virtual © | LS 4( ASBR) »
»
LS 2( LSA) . LS 3(LSA
»
LS 3,4( LSA) <
LS 5(AS—externa;I—LSA) -
»
Copyright (C) 2005 Internet Initiative Japan Inc. 99
. default
« ASBR
area 0 area 1 - stub
LS 1( LSA) _ LS 3(stub )
p2p, transit, stub, virtual =
LS 2( LSA) . LS 3(LSA )
»
LS 3( LSA/
LS 4 LSA/ASBR
( ) <
LS 5(AS-external-LSA LS 3(default )
Copyright (C) 2005 Internet Initiative Japan Inc. 100
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e areal

“areal " area?2 ~ /area0
LS 3(stub
LS 1( LSA) _ >
p2p, transit, stub, virtual © LS 4( ASBR)
~
LS 2 LSA LS 3(LSA
( ) > ( >¢
LS 3,4 LSA
( ) o<
LS 5(AS—externziI—LSA) >
Copyright (C) 2005 Internet Initiative Japan Inc.
e area0 LSA
[ ]
“areal area 2 - transit area
LS 3(stub
LS 1 LSA)
p2p, transit, stub, virtual LS 4( ASBR) .
»
LS 2( LSA) LS 3(LSA
LS 3,4( LSA) R . .
~ virtual link
LS 5(AS—extern:iI—LSA) <
>

Copyright (C) 2005 Internet Initiative Japan Inc.
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" area0
“area 1 area2 aread
Copyright (C) 2005 Internet Initiative Japan Inc. 103
OSPF
1. (intra area )
LSA(LS 1)
LSA(LS )
2. (inter area )
LSA(LS 3, 4)
3.
AS-external-LSA(LS 5)
4. 2
AS-external-LSA(LS 5)
Copyright (C) 2005 Internet Initiative Japan Inc. 104
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OSPFVv3

 OSPF for IPv6

- [RFC2740]

—IPv6

- LSA LSA
. LSA stub
o LSA

- Intra-Area-Prefix-LSA
« LSA Flooding Scope

Copyright (C) 2005 Internet Initiative Japan Inc.

105

OSPFvV3
« LSA
- LSA(LS 3) - Inter-Area-Prefix-LSA
- LSA(LS 4) - Inter-Area-Router-LSA
— OSPFv2 -3
. ID
— OSPFv3 -4

ID ID

Copyright (C) 2005 Internet Initiative Japan Inc.
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« OSPF IS-IS

—I1S-IS draft OSPF
- IETF working group
— SPF

Copyright (C) 2005 Internet Initiative Japan Inc. 107
e IS-IS IP
Integrated IS-1S Dual IS-IS
Integrated IS-IS  OSPFv2
CLNS IPv4
CLNS IPv4
and/or IPv4

Levell( ) area0
Level2( )

Copyright (C) 2005 Internet Initiative Japan Inc. 108
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1S-1S

@Level 1 7\; Level 2 l Level 1

g B ?—1 %T
q a\&
* Level2
* Levell L1/L2
—L2 L1 [RFC2966]
Copyright (C) 2005 Internet Initiative Japan Inc. 109
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BGP

« AS
. TCP
- BGP
. (BGP4)
Copyright (C) 2005 Internet Initiative Japan Inc. 111
BGP RFCs

— [RFC1771] A Border Gateway Protocol 4

— [RFC1997] BGP Communities Attribute
— [RFC2796] BGP Route Reflection
— [RFC3065] AS Confederations for BGP

— draft-ietf-idr-bgp4-26.txt
» This document obsoletes RFC1771.

Copyright (C) 2005 Internet Initiative Japan Inc. 112
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BGP

- BGP ID
- 32bit

— loopback
IP

 NLRI
— Network Layer Reachability Information

— prefix

Copyright (C) 2005 Internet Initiative Japan Inc. 113

IBGP EBGP

Copyright (C) 2005 Internet Initiative Japan Inc. 114
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IBGP(Internal BGP)

. AS BGP
* IBGP IBGP
— AS BGP
full-mesh IBGP
RT1 BGP RT2 RT3
Copyright (C) 2005 Internet Initiative Japan Inc. 115
EBGP(External BGP)
. AS BGP
« EBGP BGP
—IBGP EBGP
.
>l e y aaaadrd
RT1 RT2 RT3 RT3
Copyright (C) 2005 Internet Initiative Japan Inc. 116
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]

PA(Provider Aggregatable)
10.3.0.0/16

10.3.0.0/18

) X

[End User [End User] [End User]
10.3.127.0/28 10.3.127.16/28 10.3.0.0/29 10.3.4.0/23

Copyright (C) 2005 Internet Initiative Japan Inc. 117
/16
10.3.0.0/16
10.3.0.0/18
{End User, {End User} [End User}
10.3.127.0/28  10.3.127.16/28 10.3.0.0/29 10.3.4.0/23
Copyright (C) 2005 Internet Initiative Japan Inc. 118
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Copyright (C) 2005 Internet Initiative Japan Inc.

119

BGP4

IP IP IP IP IP
TCP TCP TCP TCP TCP
BGP BGP BGP BGP BGP
OPEN UPDATE NOTIFICATION KEEPALIVE ROUTE-REFRESH
WITHDRAWN
OPEN Message Path Attr +NLRI Error Code AFI+SAFI
Copyright (C) 2005 Internet Initiative Japan Inc. 120
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BGP

BGP
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BGP Message header

< 32 hit >
Length | \

» Marker( ) . 1-octet)

— 16-octet bit 1. OPEN

- 2. UPDATE
« Length 3. NOTIFICATION

— 2-octet 4. KEEPALIVE

— 19 4096 5. ROUTE_REFRESH
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. TCP

OPEN

°
— AS BGP ID
. 4 KEEPALIVE
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< 32 bit >
A
Marker 16-octet)
2 Length | =1 \
R \ BGP
AS ID
=~
BGP ID
0
.
— KEEPALIVE
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_—{

1. [deprecated]

2.

(Capabilities)

’ Capability code ICapabiIity l Capability ‘ ’ Capability code +----

Capabilities advertisement

Capability

» Capability

Copyright (C) 2005 Internet Initiative Japan Inc. 125

Capability

Multiprotocol Extension <AFI, SAFI>

Route Refresh rfc Route Refresh

3

Cooperative Route Filtering

4

Multiple routes to a destination

64 Graceful Restart

65 Support for 4-octet AS number

67 Support for Dynamic Capability

128 Route Refresh(cisco) Cisco Route Refresh
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2 UPDATE

— Withdrawn( )
— NLRI

. TCP
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< 32 bit >
A
Marker 16-octet)
]
v Length | =2 \
BGP UPDATE
- Withdrawn
- NLRI
« Withdrawn
NLRI
. UPDATE
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BGP UPDATE

I Withdrawn 2-octet) >
. Withd
° Wlthdrawn : o (;_Octet)) >
— Withdrawn (2-octet) I ( )
— Withdrawn _— )

. \

- (2-octet) .
_ / ] (1-octet) | (

)l

_ NLRI ~ 10.0.0.0/8
| 8(l-octet)y | 10(1-octet) |
- 10.0.0.127/25
| 25(1-octet) [10.0.0.127(4-octet)|
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< l-octet | . l-octet
] Flag I

l 1 or 2-octet

O bit: Optional( )
0=Wellknown, 1=optional

T bit: Transitive( y < Partial bit
O=non-transitive, 1=transitive

P bit: Partial( )
O=complete, 1=partial

E bit: Extended length

- 0:

0= 1-octet 1

1= 2-octet '
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65



o - well-known mandatory [T]

- BGP

— NLRI
. - well-known discretionary [T]

- BGP
. - Optional transitive [OT]

- BGP

. Partial bit 1

. - Optional non-transitive [O]

- BGP
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ORIGIN
AS_PATH AS
NEXT_HOP P

MULTI_EXIT_DISC

LOCAL_PREF

ATOMIC_AGGREGATE

AGGREGATOR

COMMUNITIES
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9 ORIGINATOR

10 CLUSTER_LIST

14 MP_REACH_NLRI

15 MP_UNREACH_NLRI
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°
°
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o0 hwnE

3 NOTIFICATION

< 32 bit >

Marker 16'0Ctet) NOTIFICATION
Length =3

| 4

< BGP

—

OPEN

UPDATE
HoldTime

Cease
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1.

Marker

2.

Length Length

3.
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2 OPEN

« OPEN
[ 2
0.
1.
2. AS
3. BGPID
4.
5. [Deprecated]
6.
7. Capability Capability
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« UPDATE
[ 3 | |
1.
2. (TLV)
3.
4 (TLV)
5. (TLV)
6. ORIGIN (TLV)
7. [Deprecated]
8. NEXT HOP (TLV)
9, (TLV)
10.  NLRI
11. AS_PATH
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HoldTimer

 HoldTimer UPDATE
KEEPALIVE

L a 1 ] |

Copyright (C) 2005 Internet Initiative Japan Inc. 139

Copyright (C) 2005 Internet Initiative Japan Inc. 140




6 Cease

<AFI 2), SAFI(1), prefix (4)>

Administrative Shutdown

Administrative Reset

O INjo g R w NP
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- BGP
« BGP

4 KEEPALIVE

UPDATE
/3
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4 KEEPALIVE

< 32 bit >

| 4

Marker 16-octet)

< BGP

Length=19 | =4 |

« KEEPALIVE
. BGP
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5 ROUTE-REFRESH
— <AFI, SAFI> (IPv4 unicast )
. <AFIl, SAFI>
. OPEN
Capability ROUTE_REFRESH
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v

| 4

Marker 16-octet)

< BGP

Length =5
AFl | [sAFI

0

5 ROUTE-REFRESH
< 32 bit
REFRESH
» AFI = Address Famiry Identifier
— IPv4  IPv6

SAFI = Subsequent Address Famiry Identifier
— Unicast Multicast
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BGP

RTl RT2
idle idle

- Active_
Connect Passive

OpenSent —>

OPEN
OpenConfirm OpenConfirm

‘
Establlshed
Established
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EBGP IBGP

EBGP

IBGP

ORIGIN

AS_PATH

NEXT_HOP

MULTI_EXIT_DISC

LOCAL_PREF

COMMUNITIES

Copyright (C) 2005 Internet Initiative Japan Inc.

148

74



ORIGIN

 NLRI
0-IGP AS
1-EGP EGP[RFC904]

2 — INCOMPLETE

Copyright (C) 2005 Internet Initiative Japan Inc. 149
1-octet 1-octet 1 or 2-octet
[ 020E0000 | 2] [
1-octet 1-octet
AS | T Jeeennne
AS
1: AS_SET octet AS
UPDATE AS 255 AS
AS Path
Internet
2: AS_SEQUENCE 2-octet AS
UPDATE AS
AS
. ()
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AS PATH

°
IBGP
EBGP AS AS_SEQUENCE AS_PATH
°
IBGP AS_PATH
EBGP AS_SEQUENCE AS AS_PATH
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* IBGP
— IP
* IBGP
— IP
- EBGP
— BGP IP
_ EBGP
IP
IP
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COMMUNITIES

» 32bit

e 4 Well-Known-community
NO_EXPORT(OxFFFFFFO01)

. AS
. AS

— NO_ADVERTISE(0OXFFFFFF02)
- BGP

— NO_EXPORT_SUBCONFED(OXFFFFFFO03)
. AS
. AS

NOPEER(OxFFFFFF04) [RFC3765]
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IBGP

IBGP
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- EBGP BGP

- BGP IGP(OSPF IS-IS) AS
IGP
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BGP

BGP
BGPR <« }' — Fece

. BGP
. IGP BGP

IBGP
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IBGP full-mesh n*(n-1)/2

«AS BGP IBGP
—20 BGP 9
— [RFC2796]
— [RFC3065]
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- IBGP
- IBGP

RT1 RT2 RT3
B BB
—Y L P—r

v

....ijf..
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IBG GP

BGP BG
*LE5 ¢|BGP P:l5

— IBGP
— UPDATE
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AS
AS
AS BGP EBGP
AS AS
AS
Member-AS Member-AS
RT1 RT2 RT3
EBGP EBGP IBGP EBGP,
— G «— ﬁ -
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Member-AS

IBGP

UPDATE
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—

Loc-RIB “‘ Adj-RIB-out

Loop

Copyright (C) 2005 Internet Initiative Japan Inc. 163

« NEXT_HOP IP

- IGP

NEXT HOP
(IGP )

draft

10.0.0.1/32
172.16.3.0/24

192.168.0.1

192.168.0.1
b 10.0.0.1

.

NEXT_HOP: 10.0.0.1
NLRI: 172.16.3.0/24
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NEXT_HOP RESOLVABLE | NEXT_HOP

LOCAL_PREF LOCAL_PREF
AS_PATH AS_PATH AS
(AS_SET AS 1
4 | ORIGIN ORIGIN
(IGP < EGP < INCOMPLETE)
5 | MULTI_EXIT_DISC AS MED
(MED (=0) )
PEER_TYPE IBGP EBGP
NEXT_HOP METRIC NEXT_HOP
( )
8 |BGP_ID BGP ID BGP
(ORIGINATOR_ID BGP ID )
9 | CLUSTER_LIST CLUSTER_LIST
10 | PEER_ADDRESS BGP

draft-ietf-idr-bgp4-26.txt + draft-ietf-idr-rfc2796bis-02.txt
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| ocal Preference

AS65500
| 10.0.1.0/24
‘ (RTL's view: )
AS65501 ==——P AS65502 prefix LocPref AS-PATH
10.0.1.0/24 100 65501 65500
\>10.0.1.0/24 120 65502 65501 65500/
AS
LP LP /RTZ'S view: h
10(_) x 320 prefix LocPref AS-PATH
>10.0.1.0/24 120 65502 65501 65500
RT1 IBGP RT2 \_ )
* Local Preference
— EBGP or
Copyright (C) 2005 Internet Initiative Japan Inc. 167

AS Path

AS65500
| 10.0.1.0/24
‘ /RTl's view: h
AS65501 === AS65502 prefix LocPref AS-PATH

>10.0.1.0/24 120 65501 65500

AS b ~
LP LP /RTZ'S view: h
12(_) e 120 prefix LocPref AS-PATH

>10.0.1.0/24 120 65501 65500
|BGP RT2

\_10.0.1.0/24 120 65502 65501 65500 )

* Local Preference
AS_ Path
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AS Path Prepend

AS65500
10.0.1.0/24

s

AS65501 === AS65502

AS
L LP
120 120
1 |BGP RT2

P
RT

/RTl’s view:
prefix LocPref AS-PATH

>10.0.1.0/24 120 65501 65501 65500
\_10.0.1.0/24 120 65502 65501 65500 )

~

/RTZ'S view:
prefix LocPref AS-PATH

10.0.1.0/24 120 65501 65501 65500
\\>l0.0.l.0/24 120 65502 65501 65500 )

~

AS Path

EBGP
AS

Copyright (C) 2005 Internet Initiative Japan Inc.
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MED(MULTI_EXIT_DISC)

AS65500

| ¢10.0.1.0/24
AS65501

MED MED
AS 100200

\_ 10.0.1.0/24 120 200 65501 65500 )

/RTl's view: h
prefix LocPref MED AS-PATH
>10.0.1.0/24 120 100 65501 65500
- J
/RTZ'S view: h
prefix LocPref MED AS-PATH
>10.0.1.0/24 120 100 65501 65500

« MED
- MED EBGP
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NEXT HOP COST

10.0.1.0/24
AS65500 (i RT1's view: I
prefix AS-PATH
>10.0.1.0/24 65501 65500
ASBSS0L —— ASB5302 | 10.0.1.0/24 65502 65500 Py
AS /RTZ's view: h
prefix AS-PATH
10.0.1.0/24 65501 65500
nexthop ne><thO|0\>1o.o.1.0/24 65502 65500 )
10.0.0.1% = w 0.0.0.2
(iTl /RT3'S view: h
c prefix AS-PATH nexthop[cost]
‘:% >10.0.1.0/24 65501 65500 10.0.0.1 [100]
RT3 ' \_ 10.0.1.0/24 65502 65500 10.0.0.2 [130]/
« NEXT_HOP
Copyright (C) 2005 Internet Initiative Japan Inc. 171

BGP

OSPF BGP
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OSPF BGP

10.0.1.0/24
AS65500 : /POPl'S view: \
N prefix AS-PATH
Y ‘ \ >10.0.1.0/24 65501 65500
AS65501 : AS65502  \_10.0.1.0/24 65502 65500 )
n
AS | n I | /POPZ’s view:; h
- * | prefix AS-PATH
pop1® 10.0.1.0/24 65501 65500
. POP2 | >10.0.1.0/24 65502 65500 )
.
@ “ /POP3’s view: h
POP3 prefix AS-PATH
>10.0.1.0/24 65501 65500 (5)
\_ 10.0.1.0/24 65502 65500 @ )
« POP3 POP1
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10.0.1.0/24
AS65500 /POP:L'S view: R
N prefix AS-PATH
Y k\ >10.0.1.0/24 65501 65500
AS65501 e AS65502 10.0.1.0/24 65502 65500 )
s
AS | - I /POPZ'S view: R
n prefix AS-PATH
- 10.0.1.0/24 65501 65500
POP1 n POP2 | >10.0.1.0/24 65502 65500 )
¥
@ " /POPB'S view: h
POP3 prefix AS-PATH
10.0.1.0/24 65501 65500 (15)
| >10.0.1.0/24 65502 65500 @ )
 POP3 2 POP2
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OSPF

BGP

prefix

RT3 BGP 10.0.1.0/24 10.1.10.
g - OSPF 10.1.10.1/32 RT2

nexthop

11

prefix

nexthop ]
BGP 10.0.1.0/24 10.1.10.1
OSPF 10.1.10.1/32 RT1

- BGP

OSPF
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RT2 reload

prefix

nexthop

BGP 10.0.1.0/24 10.1.10.
OSPF 10.1.10.1/32 RT3

11

OSPF

RT
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OSPF BGP

-OSPF : Y
Ce L >A‘ prefix nexthop
-BGP BGP 10.0.1.0/24 10.1.10.1
prefix nexthop OSPF 10.1.10.1/32 RT2
OSPF 10.1.10.1/32 RT1
e OSPF OK/ BGP
« BGP
. RT2
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OSPF Stub Router
Advertisement [RFC3137]

-OSPF Stub Rt. Adv.
-OSPF

-BGP

-OSPF Stub RT Adv.

« OSPF BGP
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BGP4+

BGP4 (IPv6)

— [RFC2545] [RFC2858]

OPEN

BGP IPv4 or IPv6

— IPv6 global unicast or link-local
— IPv6 IPv6

NEXT_HOP global unicast (+ link-local)
- MP_REACH_NLRI
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« BGP TCP
°
~1P
NLRI UPDATE
°
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