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MPLS-TE RSVP

s Path
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= Label Request Object
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MPLS-TE

R1 R9

1
mpls traffic-eng tunnels
!

interface POS*/*

mpls traffic-eng tunnel

mpls traffic-eng administrative-weight 1
ip rsvp bandwidth 300

1

router ospf 9592
mpls traffic-eng router-id LoopbackO
mpls traffic-eng area O

!
end

(Head-End)

MPLS-TE

R1(Head-End)

R8(Tail-End) LSP

end

interface Tunnel 1000
description R1->R8

ip unnumbered loopbackO
tunnel destination R8 Router-1ID

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 10 explicit t1000
tunnel mpls traffic-eng record-route

ip explicit-path name t1000

next-address {R3 Router-ID}
next-address {R4 Router-ID}
next-address {R5 Router-ID}
next-address {R7 Router-ID}
next-address {R8 Router-ID}
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MPLS-TE

R1 LSP

interface Tunnel 1000

description R1->R8

ip unnumbered loopbackO

tunnel destination R8 Router-ID

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 10 explicit t1000
tunnel mpls traffic-eng autoroute announce

tunnel mpls traffic-eng record-route

1
ip explicit-path name t1000
next-address {R3 Router-ID}
next-address {R4 Router-ID}
next-address {R5 Router-ID}
next-address {R7 Router-ID}
next-address {R8 Router-ID}

end

MPLS-TE

R8

(Head-End) (Tail-End)

LSP

interface Tunnel 1000

description R1->R8

ip unnumbered loopbackO

tunnel destination R8 Router-I1D

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 10 expli
tunnel mpls traffic-eng path-option 99 dynamic
tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng record-route

1
ip explicit-path name t1000

next-address {R3 Router-I1D}
next-address {R4 Router-I1D}
next-address {R5 Router-I1D}
next-address {R7 Router-I1D}
next-address {R8 Router-ID}

end




MPLS-TE

LSP

interface Tunnel 1000

description R1->R8

ip unnumbered loopbackO

tunnel destination R8 Router-ID
tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 1(
tunnel mpls traffic-eng load-share 2
tunnel mpls traffic-eng autoroute anndg
tunnel mpls traffic-eng record-route

1

ip explicit-path name t1000
next-address {R3 Router-1D}
next-address {R4 Router-1D}
next-address {R5 Router-1D}
next-address {R7 Router-1D}
next-address {R8 Router-ID}

1

interface Tunnel 1001

description R1->R8

ip unnumbered loopbackO

tunnel destination R8 Router-I1D

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 10 explicit t1001
tunnel mpls traffic-eng load-share 3
tunnel mpls traffic-eng autoroute announce
tunnel mpls traffic-eng record-route

1

ip explicit-path name t1001

next-address {R3 Router-I1D}

next-address {R6 Router-I1D}

next-address {R7 Router-I1D}

next-address {R8 Router-ID}

end !
JUG7 12707 Thternet weekzog end
= Fast-Reroute
[ ]
LSP ( msec~
10msec)
. LSP LSP
Head-end Tail-end
—— —
—_— LSP
— LSP
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Fast-Reroute

R1

!

interface Tunnel 1000
description R1->R7

ip unnumbered loopbackO

tunnel destination R7 Router-ID

tunnel mode mpls traffic-eng

tunnel mpls traffic-eng path-option 10
tunnel mpls traffic-eng autoroute annou
tunnel mpls traffic-eng record-route
tunnel mpls traffic-eng fast-reroute

1

ip explicit-path name t1000
next-address {R2 Router-1D}
next-address {R3 Router-1D}
next-address {R6 Router-ID}
next-address {R7 Router-ID}
1

end

POS1/0 _, _
Head-end Tail-end
—>
R1 R2 ) R6 R7
—
R4 R5
R2

1

interface Tunnel 2000
description R2->R6
ip unnumbered loopbackO
tunnel destination R6 Router-ID
tunnel mode mpls traffic-eng
tunnel mpls traffic-eng path-option 10 explicit t2000
tunnel mpls traffic-eng record-route

1

ip explicit-path name t2000
next-address {R4 Router-ID}
next-address {R5 Router-ID}
next-address {R6 Router-ID}

1

interface P0S1/0
mpls traffic-eng backup-path Tunnel2000
1

end

MPLS-TE:

= TE

= MPLS-TE

TE

= IGP(IS-1S/OSPF)

= RSVP
= MPLS

s Fast-Reroute
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$ BGP/MPLS VPN

= MPLS IP-VPN

n VPN
IP (IP-Sec

= MPLS-VPN MPLS

IP-VPN

n MPLS IP-VPN
BGP/MPLS VPN
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iBGP/MPLS VPN

IF ATM
HSD
. FR
IP
u
(a)lpsec-VPN @ (b)MPLS-VPN q

$ BGP/MPLS VPN

RFC2547bis ISP IP-
VPN

. MPLS(LDP/RSVP) VPN
BGP(mpBGP:RFC2858,RFC3107)

Peer Layer3 IP-VPN
= VPN
= Layer3 ISP
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M BGP/MPLS VPN
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Swap

PE Ingress
VPN

P
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. VPN

MPLS IP-Sec
= FR ATM
= IP
IPv4
= VPN
FR ATM
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$ ISP

n IP
IP-VPN
]
n VPN 1
IP-VPN
n VPN
[ QoS

$ BGP/MPLS VPN

PE Provider Edge Router
MPLS
= P Provider Router MPLS
= CE Customer Edge Router PE
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$PE cn ) e

" VPN 1 PE
= VRFs:VPN Routing and Forwarding tables
= VPN
. CE
VRF(VPN)
= VRF
ATM/FR

$ PE ch (£ e

= VPN
= VR(Virtual Router)
Serial1/0/0 VPN-A
ATM2/0/0.L1 | Routing Table | ...
Ether3/0/0 | | VPN-B ISP o s
Routing Table Global Backbone
Serial1/0/1 VPN-C Routing Table

Routing Table
O
O PE




Q BGP/MPLS-VPN
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BGP/MPLS VPN
$ - MPLS Label -

VPN
IP
PE PE PE PE
P

(LDP__hop by hop ) (mp-BGP__PE

= MPLS

= 32bit >
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BGP/MPLS VPN

VPN Route VPN PE
Dist.

A 12 |10000/8| 26 192.168.0.1/32

A 12 |11.000/8| 989 192.168.0.1/32 42
in PE out
192.168.0.1/32 32

L0:192.168.0.1/32
c% PE P P

A—

|26
T
VPNA: B

VPNA
MPLS 10.0.0.0/8
$ BGP/MPLS VPN
. (CE )
VPNA B 10.0.0.1
Dst:10.0.0.1| mep-
_— L0:192.168.0.1/32

VPNA

/
\

MPLS

VPNA: B
10.0.0.0/8
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&BGP/MPLS VPN

= PE
VPN | Route VPN PE
Dist.
A 12 [10000/8| 26 192.168.0.1/32
A 12 11.0.0.0/8 989 192.168.0.1/32 42

Dst:10.0.0.1 | s

_— L0:192.168.0.1/32

Y 26
el P—1r : )
VPNA 1\ VPNA: B

MPLS 10.0.0.0/8

/

)
rn‘

\

$ BGP/MPLS VPN

= PE
PE VPNA 10.0.0.0/8 VPN
VPNi:l0.0.0.0/S PE BGP next-hop
BGP next-hop A
|Dst:10.0.0.1] B(26)| A42)| =

JL BP 8 L0:192.168.0.1/32
45 @0 5 o
VPNA A a8

MPLS 10.0.0.0/8
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&BGP/MPLS VPN

P

in PE out

192.168.0.1/32 32

B(26)] A(42)/

&

VPNA

|Dst:10.0.0.1]
N%.m&o.uez
Pl P o PE @

T~

MPLS 10.0.0.0/8

-
VPNA: B

BGP/MPLS VPN

v

P

|Dst:10.0.0.1]

B(26) | A(32) | =—>

&

VPNA

L0:192.168.0.1/32
e =
\E\LPV P P C
A

MPLS 10.0.0.0/8

— j
VPNA: B
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iBGP/MPLS VPN

= P

(PHP:Penultimate Hop Popping)
in PE out
32 192.168.0.1/32
|Dst:10.0.0.1] B(26) | A(32) |

o 1
VPNA A VPNA: B

MPLS 10.0.0.0/8

$ BGP/MPLS VPN

. PE
PE B VPN
CE
[Dst:10.0.0.1| B(26)] m=p
_— W%.le&o.usz
@ el o of PE-** @

\

\ﬁ\w
VPNA A VPNA: B

MPLS 10.0.0.0/8
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iBGP/MPLS VPN

u CE
1P
CE
/ \te;]%.]ﬁ&O.lBZ
= S

@ \ﬁ\i}/
VPNA A VPNA: B

MPLS 10.0.0.0/8

\

BGP/MPLS VPN LSP
$ - PE-PE -

= PE P OSPF
(LDP)
n PE Loopback
VPN
L0:192.168.0.1 DP 0:192.168.0.2
v
) PE Lo LSP
\ /
MPLS OSPF
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BGP/MPLS VPN LSP

- VPN -
= PE-CE VPN
PE Redistribute
mp-BGP v |
VPN
—

S B

MPLS

ZO(MJ:Z)/MA A Internet Week2006 <Satoru Matsushima, SOFTBANK TELECOM C yBNA B

BGP/MPLS VPN  LSP

L - VPN LSP -
= PE LSP VPN
Redistribute(BGP4 )
mp-BGP
Static
VPN [TSP———p BGP4
Lo LSP RIP

OSPF

VPNA A VPNA: B
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M BGP VPN
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$ BGP VPN

2006/12/07

n VPN

" -

Route Target community attribute

Internet Week2006 <Satoru Matsushima, SOFTBANK TELECOM Corp.>

36



BGP VPN

- VPNv4 -
= mMp-BGP
= VPN-I1Pv4 Address Family
- IPv4 8byte Route
Distinguisher RD 12byte

= VPN-IPv4 Address(12byte)
RD(8byte)+I1Pv4(4byte)

le
F 3byte ﬂ < 12byte

2006/12/07 +EXP+B0& et Week2006 <Satoru Matsushima, SOFTBANK TELECOM Corp.>

_v_

BGP VPN
- VPNv4 .

= mp-BGP
= RD 8byte Format

=« ISP Value Field Format

Type 0 = ASN(2-byte): (4-byte)
9592:1

Type 1 = IP address(4-byte): (2-byte
192.168.0.1:1
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VPN

§ VPN

= Route Target RT

= RD NLRI
= RT NLRI VPN
= VRF BGP
RT Export
n PE VRF
Import
BGP VPN
:‘ - VPN -
BGP
RT

VPNv4-prefix RD:9592:1(VPN-A)
VPN Routing Table

10.0.0.0/24 RT:9592:1
(Import) 10.0.1.0/24 RT:9592:1

RD:9592:2(VPN-B)

v

» 10.0.0.0/24 RT:9592:2
10.0.1.0/24 RT:9592:2

VPN-A
Routing Table

VPN-B
Routing Table

ISP
Global

VPN-C

Routing Table

RD:9592:3(VPN-C)
10.0.0.0/8 RT:9592:3

(Export)

Routing Table
o}
o
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BGP/MPLS-VPN
- AS Override -

] VPN AS
PE-CE
n AS

10.0.0.0/724

AS65000 ISP

AS

ISP
10.0.0.0/24 AS9592

10.0.0.0/24 AS65000

VPN-A
BGP/MPLS VPN
AS 9592

VPN-A

BGP/MPLS-VPN
$ - SO0 (Site Of Origin) -

s AS Override AS-PATH

= AS-PATH AS
= RT Extend Community
ISP SO0

10.0.0.0/24 AS65000 From CE-A SOO=65000:1
10.0.0.0/24 AS65000 From CE-B SOO=65000:1

VPN-A
(\) BGP/MPLS-VPN
AS 9592

VPN-A




Q BGP/MPLS-VPN
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BGP/MPLS-VPN

10.0.1//24
10.0.2/24
10.1.255/24 10.0.3/24
10.0.4/24
10.0.5/24
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P
P
! PE1
interface P0S1/0
ip address 1.0.0.2/30
PE1 mpls ip PE2
!
1 interface P0S2/0 1
interface loopback 0 ip address 2.0.0.2/30 interface loopback 0O
ip address 1.1.1.1/30 mpls ip ip address 1.1.1.2/30
1 ! !
interface P0S1/0 end interface P0S1/0

description PEl1<->P
ip address 1.0.0.1/30
mpls ip

!

router bgp 9592

neighbor 1.1.1.2 remote-as 9592
neighbor 1.1.1.2 update-source lo0
1

address-family vpnv4
neighbor 1.1.1.2 activate

neighbor 1.1.1.2 send-community both
1

description PE2<->P
ip address 2.0.0.1/30
mpls ip

1

router bgp 9592
1

address-family vpnv4
neighbor 1.1.1.1 activate

!
O%E'?‘M/OT Internet Week2006 <Satoru Matsushima | SOPTBANK TELECOM Corp.>

neighbor 1.1.1.1 remote-as 9592
neighbor 1.1.1.1 update-source 100

neighbor 1.1.1.1 send-community both

$-VPN

(PE-CE Static) -

PE1
PE1
1
ip vrf VPN1
rd 9592:1 CE1

route-target export 9592:1
route-target import 9592:1

interface fastethernetl/0
description CE1l

ip vrf forwarding VPN1

ip address 10.255.255.1/30

1
router bgp 9592
address-family ipv4 vrf VPN1
redistribute static

end

p route vrf VPN1 10.1.255/24 10.255.255.2

CEl

!
interface fastethernet0/0
description PE1l
ip address 10.255.255.2/30
1

interface fastethernet1/0
ip address 10.1.255.1/24
1

ip route 0.0.0.0 0.0.0.0 10.255.255.1
!

end

2006/12/07 Internet Week2006 <Satoru Matsushima, SOFTBANK TELECOM Corp.>
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$ VPN (PE-CE BGP) -

PE2
PE1
1
ip vrf VPN1
rd 9592:1
route-target export 9592:1 CEl CE2

route-target import 9592:1

CE2

interface fastethernetl/0 1

description CE2 interface fastethernet0/0
ip vrf forwarding VPN1 description PE2

ip address 10.255.254.1/30 ip address 10.255.254.2/30
1

router bgp 9592 interface ethernet 1/0
address-family ipv4 vrf VPN1 ip address 10.0.1.1/24
neighbor 10.255.254.2 remote-as 65000 1
neighbor 10.255.254.2 as-override
!

interface ethernet */*
ip address x.X.x.Xx

PE2

end 1
router bgp 65000
neighbor 10.255.254.1 remote-as 9592
redistribute connected
!
2006/12/07 Internet Week2006 <Sator(i Bgushima, SOFTBANK TELECOM Corp.>
VPN Hub&Spoke
CE1 VPN CE2 VPN
CE1 VPN CE2 VPN CE3 VPN
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&Hub & Spoke VPN

P

PE1 PE2
PE3
!
ip vrf VPN3 CEl
rd 9592:1 _ . — .
route-target export 9592:3 RT=9592:1 RT=9592:2
route-target import 9592:1 PE1 CE3
- i 2:2
Iroute target import 959 RT=9592:3
interface fastethernetl/0 f
description CE3 ip vrf VPN1
ip vrf forwarding VPN3 rd 9592:1
ip address 10.255.253.1/30 route-target export 9592:1
1 route-target import 9592:3
router bgp 9592 ! PE2
address-family ipv4 vrf VPN3 end
neighbor 10.255.253.2 remote-as 65000 !
neighbor 10.255.253.2 as-override ip vrf VPN2
1 rd 9592:1
end route-target export 9592:2
route-target import 9592:3
!
end
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= MPLS VPN
. VPN
= BGP VPN
= VRF VPN
= VPN
= Hub & Spoke VPN
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& MPLS

L]
=« ATM/FR, TDM, Ethernet, L2VPN
L]
. LSP, VPN
[
L]
= VPN

= MPLS

2006/12/07 Internet Week2006 <Satoru Matsushima, SOFTBANK TELECOM Corp.>

44



Q&A

2006/12/07

MPLS GMPLS

MPLS

Internet Week2006 <Satoru Matsushima, SOFTBANK TELECOM Corp.>

45



