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Version Number

MPLS Echo Packet 1

Message Type

MPLS Echo Packet Echo

Request Echo Reply

Value Meaning

----- -------

1 MPLS Echo Request

2 MPLS Echo Reply

Reply Mode

Replier Router

Echo Request

Value Meaning

----- -------

1 Do not reply

2 Reply via an IPv4/IPv6 UDP packet

3 Reply via an IPv4/IPv6 UDP packet
with Router Alert

Do not reply

Do not reply

Reply via an IPv4/IPv6 UDP packet

Reply via an IPv4/IPv6 UDP packet with Router

Alert UDP

Router Alert Router Alert MPLS

IP IP 20

Option Router Alert

Option LSR IP Router Alert

Option

Return Code

LSR Echo Request Target

FEC Stack

Value Meaning

----- -------
0 The Error Code Is Contained in the

Error Code TLV
1 Malformed echo request received

2 One or more of the TLVs was not
understood

3 Replying Router Is an Egress for the
FEC

4 Replying Router Has No Mapping
for the FEC

5 Replying Router Is Not One of the
Downstream Routers

6 Replying Router Is One of the
Downstream Routers , and Its

Mapping for this FEC on the Recei-

ved Interface Is the Given Label

Sender s Handle

MPLS Echo

MPLS Echo Request

LSP Ping Echo

Request Echo Request Sender s

Handle LSP Ping

Sender s Handle Echo Request

Sequence Number

Sequence Number MPLS

Echo

Reply

LSP Ping

Sequence Number

Timestamp

NTP
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TLVs

TLVs Type-Length-Value tuples

Type

Value Meaning

----- -------

1 Taget FEC Stack

2 Downstream Mapping

3 Pad

4 Error Code

5 Vendor Enterprise Code

Length Length

TLV TLV

Value

TLV

Target FEC Stack

Target FEC Stack Ping Tra-

ceroute Ping/Traceroute

IP Target

FEC Stack Target FEC Stack

sub-TLV

Sub-Type Length Value Field

----- ------- -------

1 5 LDP IPv4 Pre x

2 17 LDP IPv6 Pre x

3 20 RSVP IPv4 Session Query

4 56 RSVP IPv6 Session Query

5 Not Assigned

6 13 VPN IPv4 Pre x

7 25 VPN IPv6 Pre x

9 10 L2 Circuit ID
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Ping LDP IPv4 Pre x 10.10.10.10/32 Echo Re-

quest Target FEC Stack

Target FEC Stack TLV Echo Request Echo Reply

Downstream Mapping

Downstream Mapping TLV Echo Request

Downstram Mapping TLV LSR Downstram Mapping TLV Echo Request

Downstream Mapping TLV LSR Echo Reque-

st FEC LSR Echo Reply

FEC LSR

Downstream Mapping TLV
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Pad

Pad TLV

Value Meaning

----- -------

1 Drop Pad TLV from reply

2 Copy Pad TLV to reply

3 Reserved for future use

Error Code

Error Code TLV

Vendor Enterprise Code

Vendor Enterprise Code TLV

4 SMI Private

Enterprise Numbers IANA
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VPN virtual private network
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2

3

X.25 VC

VPN

MPLS
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VPN VPN
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1 VPN

2

3 VPN

4

VPN

VPN

MPLS VPN

VPN
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VPN

VPN

CE Custom Edge

PE Provider Edge Router

ATM

CE , VPN

P Provider Router

P

VPN

VPN

VPN

Overlay VPN VPN

Overlay VPN

Overlay VPN

X.25 ATM

IP-over-IP IP-

over-IP IP INTERNET

VPN GRE IP-

SEC

Overlay VPN
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Peer-to-Peer VPN VPN

Peer-to-Peer VPN

PE CE VPN
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Peer-to-Peer VPN CE

Peer-to-Peer VPN

1. PE

2. PE

PE Peer-to-Peer VPN

1. VPN CE PE PE CE

OSPF

2. PE VPN PE CE

3. VPN ACL

PE Peer-to-Peer VPN
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VPN

VPN

3 VPN VPN

VPN VPN

VPN MPLS
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MPLS VPN

VPN

MPLS VPN

VPN

VPN MPLS L3 VPN

MPLS L3 VPN

MPLSVPN

VPN

VPN

1. PE

VPN

2.

3.

PE IP

VPN IP

VPN

VPN

TLV

OSPF

LSA

VPN RIP

TLV

RIP

INTERNET BGP

BGP

VPN

1. VPN BGP

2. BGP

P VPN

3. BGP

BGP

BGP

PE

VPN
BGP

BGP

1
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PE

PE

2

VPN

3 IP

IP VPN

PE

PE VPN

PE VPN P

PE

PE VRF VPN

-VPN Routing & Forwarding Instance

VPN Instance VRF

PE

1

2 VRF

VRF

3 VRF

PE VRF

VRF

ACL

PE VPN

VRF

PE

VRF

PE VPN

VPN

PE
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VRF

BGP

BGP

BGP

RT PE

Type AS#(16bit) Value(16bit)

Type(0x0002) AS#(16bit) Value(32bit)

Type(0x0102) IP address(16bit) Value(32bit)

communi ty

type 0x0002 0x0102 RT RT

BGP

32bit

RT VRF

Export Target Im-

port Target

RT

RT Export Target Import Tar-

get

VPN

RT :

RT VRF

RT

PE

VRF PE VRF

RT RED

RT VRF RT

VRF VPN

VPN

SITE-1

SITE-2
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SITE-5

SITE-3

SITE-4

SITE-6

SITE 1 2 5

SITE 3 4 6

SITE-1 2 5

VPN-A SITE3 4 6 VPN-B

PE VRF

BGP IPv4

VPN IPv4

VPN RT

RT

1. PE VPN

RT VRF

VPN

2. BGP
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RT VPN

RT

IPv4

RD

RD IPv4

Type
Field

Administrator
Sub eld

Assigned Number
Sub eld

IPv4 Address
Pre x

8-Byte Route Distinguisher 4-Byte IPv4 Address

2-Byte 6-Byte
Type Field Value Field

0 1

0 2

4

ASN

0

1

1 4

2 IPv4

RD RT

RT BGP RD

IPv4

RD IPv4

RD VPN-IPv4

VRF RD

RD VPN

RD VPN-IPv4

PE PE

CE VPN-IPv4

VPN

VPN-IPv4 RD

PE CE IPv4

PE

RD RD

VRF RD

VRF

RD

PE VRF

RD PE

RD VRF

VPN RT

PE

PE VRF

10.0.0.0/24

10.0.0.1

VRF CE

RD
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MPLS VPN

RD RD 64 bit

MPLS MPLS

MPLS

VPN LDP

VPN

RT

Extended_Communities(TR1)
Extended_Communities(TR2)
Extended_Communities(TR3)

BGP

LDP

MP-IBGP

BGP

NLRI Network Layer Reachability Information

BGP MP-

IBGP NLRI RD

MPLS VPN

MPLS L3

VPN
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MPLS L3 VPN

MPLS L3VPN

PE MP-IBGP

VPN VPN

VPN RD

RT VRF

MPLS/VPN

1 CE PE

2 VRF MP-IBGP

3

4 MP-IBGP VRF

MPLS/VPN

PE

CE PE

PE VPN VRF PE

(VRF)

1. PE P

IGP

2. VPN

PE CE EBGP OSPF RIP

PE CE

VRF

MPLS VPN

RIP CE

PE

VRF
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PE MP-IBGP

EBGP RIP EBGP

MP-EBPG PE VPN

OSPF PE CE

OSPF site

LSA BGP community

VPN OSPF LSA site

VRF MP-IBGP

VRF MP-IBGP

MP-IBGP PE

CE PE

RD RD

VPN-IPv4

loopback

MP-IBGP

RT RT

PE

PE PE

CE

OSPF area 0 su-

per area 0 OSPF

OSPF MPLS VPN

MPLS VPN

CE PE
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PE MPLS MPLS

PE PE

PE P IGP BGP LDP

LSP BGP

VRF VPN MPLS

MPLS PE

MP-IBGP VRF

PE PE VPN-v4 IPv4

VRF import RT VRF

VRF CE CE PE

MP-IBGP VRF
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MPLS VPN VPN

MPLS/VPN

1 CE Ingress PE

2 Ingress PE >Egress PE >CE

CE Ingress PE

CE VRF PE VRF

PE loopback

MPLS

Ingress PE >Egress PE >C

CE Ingress PE
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Ingress PE >Egress PE >CE

MPLS

LSP P

P

P

PE PE

VRF

VRF CE

VPN

SOO

MPLS L3 VPN

MPLS L3 VPN

SOO SOO

MPLS/VPN PE

AS

SOO PE

PE

PE

HANGZHOU PE

BEIJING PE 192.1.1.0/24

100 28 SOO HANGZ-

HOU PE VRF SOO

AS

A S P E

EBGP AS

PE VPN AS_PATH

MPLS/VPN

SOO

AS

PE CE

1. AS_PATH AS

AS PE AS

2. AS_PATH AS

AS PE AS AS

EBGP PE

AS AS_PATH EBGP

AS
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HANGZHOU PE BEIJING

PE 196.7.25.0/24 AS-PATH

BEIJING CE AS BEIJING PE

BEIJING CE AS-PATH 1

1 BEIJING CE

ARF

ARF MPLS/

VPN

VPN BGP

PE VRF

PE

PE

RT PE VRF

PE

17 ARF

SHANGHAI

RT BEIJING PE

PE
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PE PE

VRF

VRF PE

BGP

PE

PE

1 BEIJING PE

VPN B

2 BEIJING PE

VPN

3 PE VPN BEIJING

PE VPN

4 reset BGP
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MPLS L3 VPN

MPLS L3 VPN

CE1 CE3 VPN-A CE2 CE4 VPN-

B

VPN VPN-A

VPN-target 100:26 VPN-B VPN-

target 100:27

PE CE

P
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PE VPN-IPv4 RD RT LIST

VRF RIP BGP

OSPF MP-

IBGP

VRF MPLS VPN

VRF

MultiCe MPLS VPN

MP-BGP

RT LIST

VRF VRF

VRF

RIP OSPF BGP

PE MPLS VPN MPLS

VPN PE MP-

IBGP RIP BGP

MP-IBGP

MP-IBGP VRF RIP BGP

RD VPN-IPv4 MP-IBGP

RT LIST
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MPLS VPN

OSPF MP-BGP

VRF PE OSPF

MP-BGP OSPF

ASE

1 C E P E

OSPF PE 10.0.0.0/16

OSPF CE

50.0.0.0/16 PE

OSPF 50.0.0.0/16 ASE

MP-IBGP

PE OSPF

ASE LSA

CE

ASE

OSPF

VPN

ASE OSPF

MP-IBGP

MP-BGP

OSPF OSPF
MPLS VPN

OSPF MPLS VPN OSPF VPN
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OSPF

COST MP-IBGP

LSDB OSPF

MP-

IBGP

DV OSPF

OSPF

MP-IBGP

OSPF OSPF

OSPF MPLS VPN

Super BackBone Area PE Su-

per BackBone Area Super

ABR

Super ABR

Super BackBone Area

Super BackBone Area

ASE

OSPF OSPF

Super BackBone Area Super

BackBone Area MP-IBGP

OSPF VPN

RFC: OSPF

as the PE/CE Protocol in BGP/MPLS VPNs

OSPF Domain ID

OSPF Domain ID OSPF VPN

OSPF

OSPF OSPF

OSPF

ASE NSSA

MPLS VPN OSPF

MP-IBGP

OSPF

3 LSA

OSPF
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OSPF

ID ID

OSPF ID

ASE NSSA

OSPF

RFC

ID MP-BGP

ID

Area Number

Area number

Area number

OSPF

3 LSA

Sham Link Endpoint Address

Area number Sham Link

Sham Link

Sham Link

Sham Link

OSPF

OSPF

PE

LSA

1 2 1 2

Router Lsa Network LSA

3

5 ASE

7 NSSA

129 Sham Link Sham Link

Endpoint Address Sham Link

OSPF Router ID

Router ID MP-BGP

PE MP-BGP 3 5 7 LSA Router

ID PE Router ID PE

ABR ASBR

CE CE

PE BackDoor

VPN

CE PE

3 CE

CE PE CE

BackDoor

OSPF VPN OSPF

SPF

Router ID

MPLS VPN
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VPN Tag

ASE LSA Router ID

PE ASE LSA OSPF LSA Adv Router ID PE

OSPF Router ID PE OSPF

CE BackDoor
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CE

PE3 MP-IBGP PE

PE1 PE2 ASE LSA

CE CE ASE

PE

OSPF ASE

VPN BGP PE 1

PE2 OSPF ASE

ASE LSA MP-

IBGP PE3 MP-IBGP

ASE

PE MP-

IBGP ASE LSA VPN

Tag ASE LSA Tag PE

ASE LSA VPN Tag OSPF VPN Tag

LSA VPN Tag

MP-IBGP AS PE

BGP AS VPN

Tag

VPN Tag

Down Bit

CE BackDoor

MP-IBGP 3 LSA

PE 3

OSPF

PE

OSPF

1.ABR 3 LSA

2.ABR 3 LSA

5 PE MP-IBGP

3 LSA CE

CE ABR

3 LSA PE 3 LSA

Area 1 C

CE PE 3 LSA

PE

CE CE

BackDoor

LSA LSA Down Bit PE

3 LSA Down Bit
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MP-IBGP

PE

OSPF

OSPF

OSPF

Sham-Link

Sham-link OSPF

OSPF OSPF

LSDB Rou-

ter Lsa Sham-link

PE PE Sham-

link

Sham-link MP-IBGP

Sham-Link

Sham-link

PE Sham-link

Sham-Link

MP-IBGP PE

Sham-Link

PE Sham-

link Sham-Link

OSPF PE MPLS

PE Sham-Link

LSDB

Sham-link PE

Sham-Link Sham-link

OSPF

Sham-link

PE MP-BGP OSPF

OSPF

MP-BGP
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VLL Virtual Leased Line

dedicated leased

line

VLL VC Virtual

Circuit

ATM FR

Ethernet QinQ

VLL

L2VPN

ATM FR Ethernet

L2VPN

MPLS

MPLS

MPLS/IP

L3VPN L2VPN

ATM FR HDLC

PPP

MPLS L2VPN

Virtual Private LAN Service (VPLS)

LAN MPLS/IP LAN

MPLS/IP

Virtual Private Wire Service (VPWS)

MPLS/IP

MPLS/IP

IP L2VPN

L2TPv3

IETF L2TPEXT L2VPN PWE3

VPWS

VLL

MPLS/IP

VLL

MPLS VLL

VC VC

VC

LDP BGP

PE VC

PE PE

MPLS

MPLS Martini PE

PE GRE PE

VC

CISCO MPLS VLL AToM

All Transport over MPLS

VLL

VLL

MPLS

L2VPN VPLS Virtual Pri-

vate LAN Service VPLS
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VLL MPLS

L2

MPLS MPLS SP

MPLS L2

MPLS Cisco VLL AToM Any Transport over MPLS VLL

SP

L2

VLL MPLS MPLS L3VPN

VC Virtual Circuit SP

MPLS MPLS L3VPN

FEC Forwarding Equivalence Class L3VPN FEC VLL FEC

VC

COMWARE VLL 4 CCC SVC
Martini Kompella

ATM AAL5 FR cisco HDLC PPP Ethernet tag &
untage

Cisco AToM Martini
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CCC

1998

ATM MPLS

CCC

draft-

kompella-ccc-02 http://tech.huawei-3com.com/article.

php/2787 Dead

CCC Circuit Cross Connect

VC VC

LSP

LSP MPLS

VC CCC

MPLS

LSR CCC SP

MPLS CCC LSP

LSP CCC

PE CE

CCC

CE CCC L2

CCC LSP L2

LSP

CCC MPLS

CCC

CE1 CCC CE CE

PE1 CE1 CE2
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CE1 CE3

PE1 CE1

CCC LSP

PE2 100 PE1

MPLS lable=100 PE2

PE2 LSP

CCC

CE

PE

CCC CCC

MPLS MPLS PE CE

PE MPLS

PE CCC

PE CE down

VLL

VLL PE

PE CE

CE1 CE2

PE1 CE1

CCC

CE2

VLL

VC

Martini

draft-martini-l2circuit-trans-mpls-17 http://

tech.huawei-3com.com/article.php/1667

draft-martini-l2circuit-encap-mpls-10 http://

tech.huawei-3com.com/article.php/355

Martini

LDP Martini

LDP VC FEC

FEC VC VC TYPE +

VC ID VC VC TYPE

VC ID VC VC

CCC
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Martini

TYPE VC VC ID PE

CE PE LDP VC

VC ID CE VC

CE VC

Martini CCC

VC SP

VC

VC

VC SP

IP

GRE

Martini

Martini SP

LSP SP MPLS

MPLS LDP SP LDP

GRE
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Martini

CE1 CE3

PE1 CE1

VC VC-ID

PE2 VC 1025 PE1

MPLS lable=1025

PE2 LSP 11

MPLS lable=11 P

P MPLS LSP

PE2

PE2 1025 VC-ID

CE3

CE2 CE3

LSP

PE2

VC
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VC

Martini LDP LDP RFC3036

VC VC

Martini PE LDP VC VC

FEC FEC 128 VC FEC

Martini VC Type + VC ID VC Interface parameters CE

MTU

LDP VC FEC
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SVC Martini

Martini LDP VC

LDP PE VC ID

SVC SVC Martini

Martini VC

VC

SVC

Martini

Kompella VLL

draft-kompella-l2vpn-l2vpn-01

http://tech.huawei-3com.com/article.php/2788

Kompella L2 VPN MPLS L3 VPN

BGP MPLS L3

VPN PE BGP

L2 VPN VPN vpn-

target VPN VPN

Martini

VPN VPN CE ID

Kompella

Martini Kompella

CE

CE CE

VPN

PE

Kompella Martini

MPLS

Kompella

Kompella

Kompella BGP
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Kompella

Martini VC

Martini

VC

Kompella VC

VC

BGP

Label Block

LB Label Base

LR Label Range

PE CE

LR LB PE

NLRI BGP PE

CE PE CE

BGP

CEm

CE VC

2

Rang=10 Rang

VC

Rang

BGP NLRI

VC

VC

CE

NLRI BGP CE

Rang LR

LO Label-

block Offset LO

LR 100 LO 0

LR 50 LO 100

LO 150 LO VC

LB/LR/LO

CE ID VPN CE

VPN CE CE ID

CE ID NLRI

CE Kompella draft

CE ID VC

PEk CE-k CE ID k

PE-m CE-m

Kompella draft CE-k CE-m

1 LOm <= k < LOm + LRm

LBm/LRm/LOm

2 LBm+k LOm

1

2 k < LOm + LRm CE-k

LBm/LRm/LOm

LOm <= k

LOm <= k Kompella

LOm

CE-m CE-m

LOm<=k

CE ID

CE 1

CE 2 CE ID LOm

CE LM

LM CE

CE ID LOm

CE ID LOm CE Kom-
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pella CE

ID k 0 k CE ID

CE

CE ID

CE ID CE ID

CE CE ID

LOm <= k Kompella

CE ID

VC PE-

k CE-k CE ID k PEm CE-

m LBm/LRm/LOm

PEk CEm

CEk

k=m CE ID k has

been allocated to two CEs in VPN X (check CEm at

PEk)

CEm

LOm <= k < LOm + LRm

Cannot communicate with CE

m (PE A) of VPN X:outside range

CE k

LOk <= m < LOk + LRk

Cannot communicate with CE m (PE A)

of VPN X:outside range

PEk PEm

LSP

Z

VC VC L3VPN

VC

PEk CE-m (LBm + k - LOm)

PEk CE-k (LBk + m - LOk)

PEB PEA Z

VC UP

PE

BGP LSP

UP VC

CE1 CE ID 1

CE22 VPN

PE1 CE22
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P E 1

CE1 1000/5/0 CE3

1010/2/0 VC

PE1

CE22 PE1 1005/50/0

CE1 CE22

CE22 CE1 CE3

CE1 k CE3 m

PE1

LOm <= k < LOm + LRm 0 < 1 < 0+2

LOk <= m < LOk + LRk 0 < 3 < 0+5

PE1 VC

LBm + k – Lom 1010 + 1 – 0 = 1011

LBk + m – Lok 1000 + 3 – 0 = 1003

PE2 PE1

PE2 VC

LBm + k – Lom 1000 + 3 – 0 = 1003

LBk + m – Lok 1010 + 1 – 0 = 1011

CE13 VPN

CE1 VC CE1

5 CE ID 13 CE1 Rang(5)

PE1 CE1 Rang

15 PE1 CE1

10 1055/10/5 CE22

PE CE1 1000/5/0

1055/10/5 5 < 13 < 10 + 5

CE1 CE ID

0 < 1 < 4 + 0

VC

CE

ID Kompella

CE

ID VLL

PE VC

CE Rang

500 1000 CE
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CE ID CE

CE ID

Rang CE

CE

CE CE ID

VC

VC Kompella MPBGP

NLRI L2VPN

L3VPN Kompella L2VPN

RD RT VLL

VC CE CE

VC

VPN CE VC

NLRI

TLV CSV Circuit Status Vector

LR

L2VPN
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L2VPN UPDATE

CSV LB

LR 0x14 20
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VLL CCC

ASBR LSP

L3VPN

L2VPN

Option A ASBR

CE-PE L2VPN

ASBR

VC VC

ASBR SVC

Martini Kompella

VC ASBR

L3VPN

VLL

Option B ASBR

L2VPN

Option C SP

AS PE

L2VPN PE

Cisco VLL

AToM Any Transport over MPLS

Martini

Cisco

Martini

Ethernet

2

AToM 72 75 10700 12000

10700 12000 VLL

Cisco Any Transport over

MPLS http://tech.huawei-3com.

com/article.php/2652
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VPLS Virtual Private LAN Service,

L2VPN VPLS

MPLS

VPLS MPLS L2VPN

MPLS

VPLS LDP MP-BGP

PW LDP PE

LDP

LDP

BGP

BGP PE

BGP AS

VPLS

VPLS

VPLS RFC
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UPE(User facing-Provider Edge)

PE

VPN PE-CLE

NPE(Network Provider Edge)

PE VPLS

VPLS

PE-POP

VSI(Virtual Switch Instance)

VSI VPLS

PW Pseudo Wire

VSI

MPLS VC

AC Attachment Circuit

CE PE

AC

SITE

VPLS PE

VLAN

PE

L2VPN

MPLS

PE

PE MPLS L2VPN VC

VPN PE

VC CE

:

Encapsulation

PW PW

PW Tagged Raw



74

PE

PE VPLS :

VPLS PE PE Mac

MPLS VPN P L3VPN P

Mac MPLS PE VPN

VPN Mac

VPLS H-VPLS
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VPLS :

NPE UPE

NPE NPE VPN

H-VPLS

NPE VPN

UPE

VPN UPE NPE

UPE NPE

QinQ LDP

PW Mac

PE VC LSP VPLS

Mac PW Mac

VC LSP

Mac

Mac

CE

Mac VSI

Mac

50ms

64K Mac

64K/50ms = 1.28M / 16K Mac

16K/50ms = 320K /

VPLS VPLS

S8500

[S8500-2]display mac-address vsi

Mac ADDR STATE VPN ID PEER AGING TIME

000d-88f7-cb9b dynamic 1 Vlan-interface4000 AGING

0010-5ce6-764e dynamic 1 1.1.1.1 AGING

Mac

Mac mac 0010-5ce6-

764e S8500 NP

MPLS VSI 1.1.1.1 mac

000d-88f7-cb9b S8500

vlan4000

VSI

VSI

VSI PW

VSI

PE

PE

PE

STP

STP

:

PW PW

PE

VPLS UPE, SPE

:VPLS VPN

STP BPDU ISP
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VLAN

CE-A CE-B VPN

CE-A vlan10-vlan50 VPLS vlan PE-

A vlan10-vlan50

trunk

PE-A PE-B vlan10

VSI PE P MPLS

CE-A vlan10 CE-

B vlan10 MAC

PE-A Tag 10

PE-A CE-A

VSI VPLS

PW PE-B 2.2.2.2

PE-A

PE-B PE-A

LSP

P MPLS PE-B

1

PE-B

PE-B

VSI VSI VPLS

CE-B

CE-B CE-A PE-

A CE-B Tag

vlan10

VLAN

PE

CE PE CE VLAN-ID

CE VLAN
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PE CE VLAN ISP VLAN-ID

vlan

QINQ

vlan PE QINQ PE CE vlan-id

PE vlan-id CE vlan-id vlan

vlan QINQ
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PE-A

CE-A vlan-id

100 Tag

VLAN 100 VC

PE-B

PE-B

VSI

mac CE-B

PE Access PE-A

Tag

CE-B Tag=10

U-TAG: , PE ethernet

CE tag u-tag

u-tag CE

P-TAG: , PE Vlan

CE tag p-tag

QINQ tag p-tag p-tag

PW PW

PW

Raw : PW p-tag

Tagged : PW

p-tag

PE CE link-

type PW
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PW

LDP draft-ietf-l2vpn_vpls_ldp_xx Mar-

tini

MP-BGP (draft-ietf-l2vpn_vpls_bgp_xx

Kompella

LDP VC-TYPE+VC-ID

VC VC-TYPE VC VC-

TYPE VC VC-ID VPN

CE PE LDP VC VC-

ID CE PE LSP

VC CE VC

PE VC Marti-

ni LDP VC FEC

VC PE

LDP

remote peer

session ses-

sion VC FEC

VC

L D P

M P - B G P

LDP VPN

LDP

P E

remote session sessi-

on N

LDP LABEL MAPPING MESSAGE FEC

Element FEC VC-ID VC

Label TLV MTU

VC MTU PW

VPLS Mac Mac

Mac

draft-ietf-l2vpn-vpls-ldp-06

TLV LDP Mac

VPN

PE

PE Mac

Mac Mac

Mac List

PW Mac

U bit 1 TLV

F bit 0

Type 0x0404 MacListTLV

Length TLV Mac

Mac address Mac
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S8500

PE S8500-1 S8500-

2 vsi huawei vsi-id=500 S8500-1 lsr-id

loopback0 1.1.1.1 S8500-2 lsr-id

loopback0 2.2.2.2 re-

mote-peer lsr-id vlan-interface200

MPLS LDP

tag

S8500 AC vlan

PW Raw



812006

S8500-1 LABEL MAPPING MESSAGE

S8500-2 LABEL MAPPING MESSAGE
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S8500 VC id=500 S8500-1

VC 131073 S8500-2 VC 131072

S8500-2

<S8500-2>display mpls l2vc verbose

VSI name : huawei , State: , Service: VPLS, Service Status : Open

VC-ID: 500, VC State: up, Destination: 1.1.1.1

Group ID: Local 0, Remote 0, VC Label: Local 131072, Remote 131073,

Tunnel Type: LSP, Tunnel Index: 0

PC-2 ping PC-1 ping VPLS

[S8500-2]display mac-address vsi

MAC ADDR STATE VPN ID PEER AGING TIME

000d-88f7-cb9b dynamic 1 Vlan-interface4000 AGING

0010-5ce6-764e dynamic 1 1.1.1.1 AGING

[S8500-2]display mpls lsp

-----------------------------------------------------------------------

LSP Information: Ldp Lsp

-----------------------------------------------------------------------

NO FEC NEXTHOP I/O-LABEL OUT-INTERFACE

1 1.1.1.1/32 200.1.1.1 -----/3 Vlan200

2 2.2.2.2/32 127.0.0.1 3/----- -------

S8500-2 PC-2 ip 10.1.1.1 mac 0010-5ce6-764e

VPLS 200.1.1.1 S8500-1 S8500-1 PC-1

VC PW

S8500 VPLS

9 S8500-1 Trunk permit vlan 4000

S8500 AC vlan S8500-1 Trunk permit vlan 4000 PW

Raw S8500-2 pc-2 access vlan4000



832006

PC-1 ping PC-2 ping S8500-1 icmp

00-e0-fc-6a-a8-a0 S8500-2

mac icmp LSP

mac

00-e0-fc-6a-ce-b4 S8500-1

mac icmp mac

88 47 mpls

2 0 0 0 0

131072

0 1

MPLS

40 TTL 64

pc-1

00-0d-88-f7-cb-9b pc-2 mac ,

ping

00-10-5c-e6-76-4e pc-1 mac

ping

0800 ip

ip

S8500-1 S8500-2 LDP

S8500-1 icmp vid=4000

vpls

PW Raw S8500-1

p-tag
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PW Tagged vid=4000 tag PW

Tagged

12

S8500-1 icmp icmp

tag

QINQ

9

AC ethernet VLAN-

VPN PW Raw

pc-1 ping pc-2 S8500-1

icmp 14.

PW Raw S8500-1

icmp vid=4000 tag

pc-1 icmp

S8500-1 u-tag

vid=4000 S8500-1

QINQ

p-tag vid=4000 PW

p-tag u-tag

PW Tagged

tag PW

Tagged 15.

tag

VPLS

VPLS
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PE

full mesh lsp

PE PE PE

PE

PE

PE H-VPLS

H - V P L S

NPE NPE

NPE UPE UPE

UPE NPE

PE QinQ PW

LDP H-VPLS

H-VPLS UPE-A

NPE-A U-PW

UPE-A CE-A NPE-A

U-PW MPLS NPE-A

MPLS

VSI MAC

VC LSP

NPE-B VC

VSI VPLS

CE-A CE-B CE

UPE-A UPE-A

NPE-A

UPE-A

U-PW NPE-A

NPE-A PW
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QINQ H-VPLS

LDP

P E P W

QinQ UPE-A

CE-A QinQ UPE-A CE-

A VLAN-TAG QinQ

NPE-A NPE-A VLAN-

TAG VSI

MAC VC

NPE-B VC

VSI VPLS

CE-A CE-B CE

UPE-A UPE-A

NPE-A

UPE-A

QinQ NPE-

A NPE-A PW

AC

UPE NPE

UPE VPN

H-VPLS

3 VPLS

VPN

LSP H-VPLS UPE NPE

LDP LDP

QinQ H-VPLS

UPE NPE STP
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Internet ISP

Internet

ISP

90

IGP

ISP

MPLS

TE

ISP MPLS

LSP

MPLS TE MPLS TE

MPLS TE

MPLS MPLS VPN QoS
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MPLS TE Multi Protocol Label Switch Traf c

Engineering TE

/

TE IGP Metric

TE MPLS TE

MPLS TE MPLS

MPLS

MPLS TE

MPLS TE

TE

/

OSPF ISIS

OSPF LSA 10

ISIS TLV 22

TE

OSPF ISIS

OSPF ISIS TE

MPLS TE SPF

CSPF Constraint SPF SPF

Cost CSPF

Cost

/

Ex-

plicit-Path MPLS TE Tunnel

Strict Loose

CSPF

TE Tunnel

CSPF

/ CR-LSP

MPLS

MPLS TE

RSVP-TE RSVP

RSVP Path Label Reque-

st Resv Label

Downstream Path

Upstream Resv

CR-LSP
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CR-LDP LDP

RSVP-TE

LSP CR-LSP

RSVP-TE CR-

LDP

TE Tunnel

TE Tunnel

TE

Tunnel TE Tunnel

CSPF Tunnel Tun-

nel Tunnel

IGP IGP

Shortcut Forwarding Ajacency

MPLS TE

MPLS TE TE Tun-

nel

FRR AutoBandwidth Reoptimization Load

Balance DS-TE MPLS VPN Over TE

Tunnel TE Tunnel

VRP MPLS TE

MPLS TE TE Tunnel

MPLS TE MPLS TE

TE Tunnel

OSPF ISIS

CSPF TE Tunnel

RSVP CRLPD

CR-LSP TE Tunnel

TE Tunnel TE Tun-

nel

OSPF v2

TE

TE

TE DataBase TED

Router LSA

TED

TED TE

CSPF

Opaque LSA 3 OSPF Type 9

10 11 LSAs

Type 10 LSA Area
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OSPF IS-IS

TE

IS-IS ISO 10589

IPv4 RFC 1195 IS Rou-

ter IS-IS Link State Protocol Data Units (LSPs)

LSP header

Type Length

Value TLVs

TLV TE Tunnel

TLV Type 22 IS TLV TLV

Type 134 TE Router ID TLV TLV Type 135

IP TLV

LSR TED

CSPF LSP

CSPF

CSPF

IGP TED

IGP TED

/

CSPF LSP

CSPF

LSR

LSP LSR

LSP LSR CSPF

IS- IS OSPF

Dijkstra's SPF

hop-by-hop

CSPF

TE headend

TE

tailend Label Switched Path LSP

Traf c Engineering tunnels (TE-tunnels) TE-

tunnels tunnels

tunnel

CSPF SPF
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TE

TE-tunnels TE-tunnel tail-

end SPF

TENT PATHs

rst-hop

1 TE-tunnel tail-end

TE-tunnel

TE-tunnel rst-hop

2 TE-tunnel

rst-hop adjacency database

3

TE-tunnel first-

hop Copy

0

TE-tunnel tai l-

end TE-tunnels

TE-tunnels

X X TE-tun-

nel

Explicit-

Path MPLS TE Tunnel

Strict Loose

CSPF

TE Tunnel

90 RSVP

RSVP

1997

RSVP IETF RSVP

MPLS RSVP

LSP

RSVP TE

TE

RSVP 90

RSVP Multi-Protocol Label Switching MPLS

RSVP

MPLS RSVP
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LSP LSP

LSP

forwarding equivalence class (FEC) "RSVP

Flow" LSP

LSP "LSP Tunnel"

RSVP downstream-on-de-

mand LSP tunnel

RSVP Path

RSVP Path

LABEL_REQUEST

downstream

RSVP Resv upstream

RSVP Resv

LABEL

RSVP

RSVP Path EXPLICIT_

ROUTE EXPLICIT_ROUTE

RSVP-MPLS

IP

QoS con-

trol-driven data-driven TE explicit rou-

ting MPLS

LSP

RSVP strict loose

RFC RSVP

LSP Tunnel LSP-Tunnels unicast

LSP-tunnels LSP-Tunnels Multicast

LSP-tunnels LSP-Tunnels uni-

directional LSP-tunnels LSP-

Tunnels Bidirectional LSP-tunnels

LabelDistributionProtocol (LDP) MPLS

MPLS

RFC3032 MPLS Label Stack Encoding

RSVP LDP TE

LSP Tunnel LDP

MPLS

Constraint-based routing VRP

MPLS TE RSVP-TE CR-LDP

CR-LSP

CR-LSP over LDP

TE

Constraint-based routing TE

Cons-

traint-based routing (CR) TE

LSP explicit route

constraints QoS QoS constraints

LSP constraint-

based routed LSP (CR-LSPs)

Explicit Routing

explicit route

(ER)

LSP CR-LSP

MPLS

LSP

CR-LSP

LSP

LSP CR-LSP

LDP
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Discovery

downstream DoD downstream

on demand Label Request

downstream ordered con-

trol Label Request

Noti cation Message

Withdraw Release

Loop Detection

CR-LSP Loosely

CR-LSP Label Request

CR-TLVs ER-

TLV

LSR Label Request

CR-TLVs ordered control

LSR

CR-LSP

Hop-by-hop

CR-LSP

LSP

independent control

LSPs Label Re-

quest CR-TLVs

CR-LSP

CR-LSP Loosely

CR-TLVs

F
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TE
TE Tunnel

PBR IGP AutoRoute/Shortcut

TE Tunnel

IGP

TE Tunnel Headend

TE Tunnel

TE Tunnel

TE Tunnel

IGP TE Tunnel Headend

ACL TE Tunnel

ACL TE

tunnel

TE Tunnel

IGP Shortcut Forwarding

Ajacency TE

Tunnel IGP SPF TE Tunnel

Headend TE Tunnel Headend

TE Tunnel TE

Tailend TE Tunnel

CR-LSP/TE Tunnel

CR-LSP

IGP Shortcut Forwarding Ajacency

IGP Shortcut

CR-LSP

Forwarding Ajacency

CR-LSP

CR-LSP LSA/LSP

CR-LSP
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MPLS TE

VRP

MPLS TE

FRR Fast ReRoute

Fast RestoRation MPLS

TE

CR-LSP

50

<50ms

VoIP Headend

FRR Bypass

FRR RSVP TE

RFC4090 One-

to-one Backup Facility Backup One-to-

one Backup LSP

LSP

Detour LSP

One-to-one Backup Detour Facility

Backup LSP

Bypass LSP Facility Backup

Bypass

LSP Detour LSP Bypass

LSP CR-LSP

PLR Point of Local Repair Detour LSP

Bypass LSP LSP

MP Merge Point Detour LSP Bypass

LSP LSP

PLR MP

LSP

Detour LSP Bypass LSP

PLR MP

LSP

Detour LSP Bypass LSP

FRR Link Protection

Node Protection Path Pro-

tection
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46-1--- 46-4--- 46-5--- 46-8

CR-LSP 46-5

46-8 46-5

VRP 3 46-5 46-4

1025 46-4 46-1

1024

46-4 46-5

46-4 46-4---- 46-6----- 46-5 By-

pass

46-4 upstream

46-1 46-1

46-4 46-

5 46-4 46-

1 46-1 Timer

Bypass Tunnel MPLS

Bypass

Tunnel 46-5 46-6 CR-LSP

46-5 46-6 46-6

46-4 2000
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46-5 46-4 Bypass

Tunnel 46-4------ 46-

6------- 46-7------ 46-8 46-5

MPLS

46-4 Bypass Tunnel

Record-Route Record-

Label Record CR-LSP

Bypass Tun-

nel

CR-LSP CR-LSP

CR-LSP CR-LSP CR-

LSP CR-

LSP CR-LSP

CR-LSP

CR-LSP CR-LSP CR-

LSP MPLS TE

CR-LSP CR-LSP

CR-LSP
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CR-LSP

CR-LSP Make-Before-Break

CR-LSP CR-

LSP

Ordinary

CR-LSP

CR-LSP

mpls te backup ordinary

FRR

HA High Available

F R R R F C

4090(Fast Reroute Extensions to RSVP-TE for LSP

Tunnels)

TE Tunnel

Auto Band-

width Auto

Bandwidth LSP

TE CR-LSP

TE Tunnel

CR-LSP

MPLS TE Auto Band-

width Adjust

TE Tunnel

TE Tunnel

Tunnel

Auto Bandwidth

Timer A Timer A

Timer C

Tunnel

T

Timer A

T

TE Tunnel

Timer A

VRP TETunnel mpls

te auto-bandwidth adjustment mpls te auto-band-

width collect-bw

Reoptimization

TE

Tunnel IGP

Headend Tailend

TE Tunnel

Headend CR-LSP

CR-

LSP TE Tunnel

Reoptimization CR-LSP

Reoptimization

CR-LSP
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MPLS TE CR-

LSP

Reoptimization

Reoptimization

CR-LSP

CR-LSP CR-LSP

CR-LSP

Reoptimization

Reoptimization

Reoptimization

Reoptimization

Headend Reoptimization Timer

Timer TE Tunnel

Tai-

lend Reoptimization Timer

TE Tunnel TE Tunnel

Tunnel Timer Reoptimiza-

tion Tailend

Make-Before-Break

CR-LSP

Reoptimization

Headend Tai-

lend Hea-

dend Reoptimization

TE Tunnel

Make-before-Break CR-LSP

CR-LSP Reoptimization

Reoptimization Timer

flapping

flapping

up down

TE Tunnel

down Reoptimization

Reoptimization Timer

Reoptimiza-

tion Reoptimization Reo-

ptimization Timer TE Tunnel

TE Tunnel per tunnel

TE Tunnel Re-

optimization

Reoptimization TE Tun-

nels Reoptimization Timer

VRP TE Tunnel

mpls te reoptimization frequency <1-604800>

Value(in Sec)

M P L S T E

OSPF TE IS-IS TE TE

Area

MPLS TE

Inter-Area RFC 4105 Requirements for

Inter-area MPLS Traf c Engineering Inter-AS

RFC4216 MPLS Inter-Autonomous System

(AS) Traf c Engineering (TE) Requirements

VRP TE Inter-Area

Area OSPF area or IS-IS level

MPLS TE CSPF RSVP-TE OSPF-TE

ISIS-TE

QoS /

/ MPLS TE

IGP Area

MPLS-TE
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ISIS-TE

OSPF-TE CSPF

IGP

Headend

CSPF

Tailend

AS

Area Inter-area MPLS-TE

Area

TE Inter-Area

AS AS

MPLS TE

RFC4105 Inter-area

TE

QoS TE-LSP

1. LSR head-

end ABR

ABR

2. ABR

VRP IGP Intra-Area

LSA/TLV TE

Tunnel

Inter-Area TE tunnel

Area1 R11 Area2

R22 TE Tunnel R11

R11 R22

R11 R12 R12 R21

R21 R22

RFC4105

Requirements for Inter-area MPLS Traf c Enginee-

ring

TE Load Balance

TE tunnels

TE Tunnels TE Tunnel

IGP

TE Tunnels

CSPF

TE Tunnels

CR-LSP Headend Tailend

TE

Tunnels

TE Tunnels

CR-LSP Headend Tailend

TE Tunnels
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Cost

TE Tunnels Cost

TE Tunnel IGP

RFC3906

Cost 10

TE-tunnel rtrA rtrD IGP Me-

tric CSPF rtrC

TENTative list rtrC

rtrC rst-hop

rtrC rtrB rtrA CSPF rtrD

PATHS list

rtrD TE-tunnel rtrA

TE-tunnel rtrB

rtrD

rtrA rtrE

rtrE rtrE TE-tunnel

rtrA rtrE first-

hop rtrE (rtrC rtrD

rtrA rtrE IGP rtrA->rtrB-

>rtrC TE-tunnel CR-LSP rtrA->rtrD

rtrA->rtrB->rtrD

IGP TE Tunnel

VRP TE TE

Tunnels

RFC3564 Requirements for

Support of Differentiated Services-aware MPLS Traf c

Engineering MPLS TE QoS

MPLS QoS RFC3270

MPLS Support Diff-Serv

MPLS TE

QoS Diff -Serv

C R - L S P

"Diff-Serv-aware Traf c

Engineering(DS-TE)"

Diff-Serv

QoS Diff-Serv

MPLS TE

MPLS

Diff-Serv MPLS TE

Diff-Serv MPLS TE

MPLS TE QoS

per-class level

aggregate level MPLS

EXP Ethernet

aggregate level MPLS

EXP ATM

per-class level

CR-LSP

EXP

Aggregate Model
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QoS TE Tunnel 46-2 TE Tunnel

46-8

TE Tunnel QoS Diff-Serv Model
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QoS TE Tunnel

46-2 TE Tunnel

46-8

TE Tunnel

TE

Tunnel

MPLS TE TE

MPLS L3/L2 VPN

46-1 46-2 46-3 46-4 46-5

46-6 46-7 46-8 MPLS P

TE 46-2 46-7

TE Tunnel PE-1 CE-1 PE-

2 CE-2 VPN1(L3 L2 VPN)

CE1 VPN1

CE-2

1. IP CE-1 PE-1

CE1

2.PE-1 vr f VPN1

PUSH B

3. PE-1 46-2 LDP

MPLS PUSH I1

46-2
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4. 46-2 PE-1

I1 I2 46-7 LDP

TE Tunnel 46-2 46-7

46-7 LDP

I2

5. 46-2 46-7 TE Tun-

nel 46-4 TE Tunnel

RSVP-TE CR-LDP LSP

T1 PUSH

TE Tunnel 46-4

VPN1

MPLS TE Tunnel

6. 46-4 46-2

TE Tunnel 46-5 TE Tunnel T2

POP T1 PUSH T2

TE Tunnel 46-5

VPN1 MPLS

TE Tunnel

7. 46-5 46-4

TE Tunnel 46-7 TE Tunnel Null

POP T2

TE Tunnel 46-7

VPN1

MPLS

8. 46-7 46-5

PE-2 MPLS Null

POP I2

MPLS PE-2

VPN1

9. PE-2 46-7

VPN1 CE-2 VPN1 POP

B

CE-2 CE-2

IP
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OSPF V2

TE

LSA type

OSPF Opaque LSA TE

Type 9 10 11 Opaque LSAs

TE Type 10 Opaque LSA

Area type 10 Opaque LSA

LSA Traf c Engineer LSA

LSA ID

Opaque LSA LSA ID 8 bits type

24 bits type-speci c Traf c Engineer LSA

Type 1 24 bits Instance eld LSA

ID Instance eld

TE LSAs 16777216 TE

LSAs
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LSA

TE LSA LSA Header PayLoad TLV Type/Length/

Value

LSA Header

TLV

LSA payload Type/Length/Value (TLV) TLV

Length byte Value ( TLV value 0)

LSA top-level TLV top-level TLVs

1 - Router Address

2 - Link

Router Address TLV IP loopback IS-IS

OSPF IS-IS R OSPF IS-IS TE

LSA S OSPF IS-IS TED R

S TED Router Address, S OSPF TE LSA IS-IS TE LSA
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Router address TLV 1

4 4 IP address

Link TLV sub-TLVs

sub-TLV

Link TLV LSA Link TLV

2 sub-TLVs

1 - Link type (1 octet)

2 - Link ID (4 octets)

3 - Local interface IP address (4 octets)

4 - Remote interface IP address (4 octets)

5 - Traf c engineering metric (4 octets)

6 - Maximum bandwidth (4 octets)

7 - Maximum reservable bandwidth (4 octets)

8 - Unreserved bandwidth (32 octets)

9 - Administrative group (4 octets)

9 sub-TLVs Link

Type Link ID sub-TLVs

sub-TLVs

Link Type sub-TLV 1 Point-

to-point 2 Multi-access 1

Link ID sub-TLV point-to-

point Router ID multi-ac-

cess DR designated router

Link ID sub-TLV TLV 2 4

Local Interface IP Address sub-TLV

IP address(es)

sub-TLV Local Interface IP Address

sub-TLV TLV 3 4N N

Remote Interface IP Address sub-TLV

Mul-

ti-access Remote Interface IP Address

0.0.0.0 Remote Interface IP Address sub-TLV TLV

type 4 4N N

Traf c Engineering Metric sub-TLV TE

metric metric OSPF

metric Traffic

Engineering Metric sub-TLV TLV 5 4

Maximum Bandwidth sub-TLV

bytes per second Maxi-

mum Bandwidth sub-TLV TLV 6 4

Maximum Reservable Bandwidth sub-TLV

bytes per second Maximum Reservable

Bandwidth sub-TLV TLV 7 4

Unreserved Bandwidth sub-TLV 8

setup 0 7 TE Tunnel

Maximum Reservable Bandwidth

bytes per second Unreserved Bandwidth sub-

TLV TLV 8 32

Administrative Group sub-TLV

4

administrative group

multiple groups 'group

0' 'group 31' Administrative Group

Resource Class/Color Administrative Group

sub-TLV TLV 9 4

RFC3630 TE Extensi-

ons to OSPF Version 2
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IS-IS

IS TLV Extended IS Reachability TLV

IP TLV Extended IP Reachability TLV

Traf c Engineering RouterID TLV

IS TLV 22

IS TLV IS TLV type

2 ISO 10589

metric delay cost reliability 7

ID

TLS Type 22

7 system Id pseudo node

number 3 metric 1 sub-

TLVs Length 0-244 sub-TLVs

sub-TLV 1 sub-type 1

sub-TLV Value Length 0-242

Value sub-TLVs

11 23

255

sub-TLVs 255 11

244

T E C S P F

MAX_PATH_METRIC

met r i c MAX_PATH_ME-

TRIC MAX_PATH_METRIC 4,261,412,864

(0xFE000000, 2^32 - 2^25)

metric (2^24 - 1)

SPF

TE SPF

sub-TLVs

Sub-TLV
type

Length
(octets) Name

3 4 Administrative group (color)
6 4 IPv4 interface address
8 4 IPv4 neighbor address
9 4 Maximum link bandwidth
10 4 Reservable link bandwidth
11 32 Unreserved bandwidth
18 3 TE Default metric

250-254 Reserved for cisco speci c
extensions

255 Reserved for future expan-
sion

Sub-TLV 3 Administrative group (color, re-

source class)

Administrative group sub-TLV 4

bit

administrative group

'group 0' 'group 31' sub-

TLV TLV

Sub-TLV 6: IPv4 interface address

sub-TLV 4 IPv4

address /32 pre x

IS TLV
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sub-TLV

Sub-TLV 8 IPv4 neighbor address

sub-TLV IPv4

address /32 pre x

sub-TLV

Sub-TLV 9 Maximum link bandwidth

sub-TLV

bytes per second

Sub-TLV 10 Maximum reservable link band-

width

sub-TLV

Maximum link bandwidth

bytes per second

Sub-TLV 11 Unreserved bandwidth

sub-TLV 8

setup priority 0 7

TETunnel Maximum

Reservable Bandwidth bytes per second

LSPs

Sub-TLV 18: Traf c Engineering Default

Metric

sub-TLV 24 bit me-

tric

CSPF sub-TLV IS

TLV CSPF

IS TLV

metric

IP TLV

IP TLV TLV 135

IP TLVs (TLV 128 TLV 130)

IP TLVs

IP TLV 32 bit metric

1 bit

Level IP TLV

4 metric 1

1 bit up/down 1 bit sub-TLVs 6

bit 0-4 IPv4 0-250

sub-TLVs 1 sub-TLVs

Length 0-249 sub-TLVs sub-

TLV 1 sub-type 1 sub-TLV

Length 0-247 Value

Traf c Engineering router ID TLV

Traf c Engineering router ID TLV

134 Router ID TLV 4 router ID

LSP loopback

TE

IP

RFC3784 Intermediate

System to Intermediate System (IS-IS)Extensions for

Traf c Engineering (TE)
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RSVP

LSP Tunnels TE Tunnels

LSP LSP

LSP

forwarding equi-

valence class (FEC) FEC

LSP

LSP LSP "LSP

Tunnel" RSVP SESSION

SENDER_TEMPLATE FILTER_SPEC

LSP_TUNNEL_IPv4 LSP_TUNNEL_IPv6

LSP Tunnel "LSP Tunnel"

LSP Hop- by-Hop

LSP tunnels

LSP tunnels traf c en-

gineered tunnels (TE tunnels) TE tunnel

Tunnel ID SESSI-

ON Tunnel ID TE Tun-

nel SENDER_TEMPLATE FILTER_SPEC

LSP ID Tunnel ID LSP ID

TE Tunnel

RSVP LSP Tunnels

RSVP LSP Tunnel

Qos Qos

LSP tunnels

LSP tunnel

LSP tunnel

LSP tunnels

LSP tunnels

downstream-on-demand

LSP tunnel

MPLS RSVP Path

session type LSP_TUNNEL_IPv4 LSP_

TUNNEL_IPv6 RSVP Path LABEL_

REQUEST LABEL_REQUEST

RSVP Path

EXPLICIT_ROUTE EXPLICIT_ROUTE

Path

ERO

ERO ERO

ERO

LSP tunnel

EXPLICIT_

ROUTE RSVP Path

RECORD_ROUTE LSP tun-

nel RECORD_ROUTE

Path Vector Loop

Detection

RSVP Path SESSION_ATTRI-

BUTE Session

setup hold

setup hold
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SENDER_TSPEC POLICY_DATA

Path

LABEL_REQUEST

PathErr

"unknown object class"

LSP RSVP Resv

LABEL Path LABEL_RE-

QUEST Resv Path

upstream

path ERO Resv ERO

Resv LABEL

LSP tunnel

Resv

LABEL upstream

PHOP LABEL LSP

tunnel "In-

coming Label Map" (ILM)

"Next Hop Label Forwarding Entry" (NHL-

FE) Resv

LSP

Service Classes

Integrated Service

Controlled-Load service Null

Service

Reservation Styles

RSVP session

LSPs

RSVP session

FF

WF SE

Fixed Filter (FF) Style

Fixed Filter (FF)

FF

Wildcard Filter (WF) Style

Wildcard Filter (WF)

multipoint-to-point

LSP session

WF TE

EXPLICIT_ROUTE WF

WF TE

Shared Explicit (SE) Style

Shared Explicit (SE)

Resv

LSPs SE multipoint-to-point

LSP LSP per Multipoint-to-point LSPs

path EXPLICIT_ROUTE

Path EXPLICIT_ROU-

TE

Path ERO
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EXPLICIT_ROUTE

LSP tunnel

TE Tunnels

TE

TE tunnel TE tunnel

TE tunnel

TE tunnel TE tunnel

TE tunnel

LSP

LSP make-be-

fore-break

LSP LSP

LSP

R S V P

make-before-break LSP LSP

LSP

LSP LSP

RSVP LSP_TUNNEL SESSION

SE

LSP LSP

TE tunnel

RSVP session

SENDER_TEMPLATE FIL-

TER_SPEC "LSP ID"

LSP ID

SENDER_TEMPLATE

ERO

SESSION SENDER_TEM-

PLATE ERO Path

LSP Path

LSP Path

LSP Tunnel

SESSION SE

LSP LSP

LSP Resv

LSP

Path LSP_ID

LSP_

ID

Path MTU

RSVP Int-Serv RSVP

MTU Path

MTU Path MTU LSP

RSVP Path MTU Integrated Ser-

vices Null Service

RSVP Path MTU

IP Path MTU

IP "Don't

Fragment" DF

ICMP destination unreachable message

RFC RSVP

LSP Tunnel LSP-Tunnels unicast

LSP-tunnels LSP-Tunnels Multicast

LSP-tunnels LSP-Tunnels unidi-

rectional LSP-tunnels LSP-Tun-

ne l s Bidirectional LSP-tunnels

5

Object name Applicable RSUP
messages

LABEL_TEQUEST Path

LABEL Resv

EXPLICIT_ROUTE Path

RECORD_ROUTE Path,Resv

SESSION_ATTRIBUTE Path
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Path

Path

Resv

Resv
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PATH RSVP Common

Header RFC2205 Resource ReSerVation

Protocol (RSVP) Version 1 Functional Speci cation

RSVP LSP Tunnel

RFC3209 RSVP-TE: Extensi-

ons to RSVP for LSP Tunnels RFC3210 Applicability

Statement for Extensions to RSVPfor LSP-Tunnels

CR-LDP

Strict Loose Explicit Routes

Label Request

CR-

LSP

ER-Hops

TLV ER-Hop

TLV Strict Ex-

plicit Routes

Hop-by-Hop Loose Explicit

Routes

TLV

CR-LDPMPLS

CR-LDP

CR-LSP

Setup holding

CR-

LSP Setup CR-LSP hol-

ding CR-LSP

Setup CR-LSP holding
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CR-LSP

setup holding

Setup Holding

0 7 0

7

4

7 CR-LSP Setup

holding

LSP

LSP

Route Pinning

Loose Explicit

"L"

CR-LSP Loosely

LSP

Resource Class

"colors"

"administrative groups" CR-LSP

C R - L S P

R F C

CR-LSPs unidirectional point-to-point

CR-LSPs po in t - to -mul t i -

po in t mul t ipo in t - to-poin t

C R - L S P

unidirectional LSP

B i - d i r e c t i o n a l L S P

L S P L S P

C R - L D P D o d

Ordered Downstream On Demand Ordered

conserva-

tive Label Retention Mode
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Label Request Message

Label Mapping Message
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Label Mapping Message

RFC3212 Constraint-Based LSP Setup using

LDP RFC3213 Applicability Statement for CR-LDP RFC3214 LSP Modi cation Using CR-LDP

Behavior Aggregate (BA)

(Diff-Serv)

Per-Hop-Behavior (PHB) Diff-Serv

BA

PHB Scheduling Class (PSC):

PHB

Ordered Aggregate (OA)

Bas Bas PHBs PSC

Traf c Aggregate (TA) PHB

DS

Per-Domain Behavior (PDB)

"edge-to-edge" DS

PHB PHBs

PDB

Traf c Trunk LSP

FEC

DS-TE

DS-TE

DS-TE

DS-TE

DS-TE TE Diff-Serv

DS-TE

DS-TE DS-

TE

1. TE 2. DS-

TE
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Class-Types

DS-TE

Traf c Trunk Class-

Type (CT)

CT

CT DS-TE

8 CTs CT x 0 <= x <= MaxCT-1 =

7 DS-TE CT

DS-TE 2 CTs 8

8 CTs Cisco 2

CTs CT0 CT1 BC0

BC1 Cisco global pool sub pool

Bandwidth Constraints

Bandwidth Constraint

CTs

CT CT

BC x 0 <= x <= MaxBC-1

CT x 0 <= x <= MaxCT-1 = 7

"Reserved(CTx)" CTx CR-

LSPs CTs

BCs CT

BC

"Maximum Allocation Model"

1. MaxBC= MaxCT 2. x 0 <= x

<= (MaxCT - 1 Reserved (CTx) <= BCx

1 0 0 M 3 C Ts

BC0=20M BC1= 50M BC2=30

CT2 LSPs

30M Voice <= 30

CT1 LSPs 50M

Data <= 30 CT0

LSPs 20M Best Effort

Data <= 30

"Russian Doll"

BC 1. MaxBC= MaxCT 2.

x 0 <= x <= (MaxCT - 1 SUM (Re-

served (CTy)) <= BCx x <= y<= (MaxCT - 1)

1 0 0 M 3 C Ts

BC0=100M BC1= 80M BC2=60

CT2 LSPs

60M Voice <= 60

CT1 CT2 LSPs 80M

Voice + Data <= 80

CT0 CT1 CT2 LSPs

100M Voice + Data

+Best Effort Data <= 100

Preemption TE-Classes

DS-TE

Class Types Setup Hol-

ding

Qos LSP Class Type

LSP1 LSP2 LSP1 Setup

LSP2 Holding LSP1

LSP2 LSP1 OA/CT LSP2 OA/

CT

TE-Class Class-Type

Class-Type

Class-Type

Setup Holding

Class-Type

TE-classes Class-Type

TE-classes

TE-Class(es)

Class-Class Class-

Type .

DS-TE Class-Type TE-

Class Class-Type
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DS-TE Class-Type

LSPs Setup

Holding LSP

DS-TE Class-Type

TE-Classes Class-Type

Class-Type 3

TE-Classes 0

1 4

DS-TE Class-Types LSPs

Setup

LSP Holding

2 Class-Types (CT0 CT1)

CT 2 TE-Classes

TE-Class1 CT0 0

TE-Class2 CT0 2

TE-Class3 CT1 1

TE-Class4 CT1 3

LSP Setup 0

Hold ing 0 CT0

LSP Setup 2 Holding 0

CT0 LSP Setup

1 Holding 1 CT1

LSP Setup 3 Holding 1

CT1 LSP Setup

1 Holding 1 CT0

LSP Setup 0 Holding

0 CT1

DS-TE 2 Class -Types

LSPs TE-

classes CTs

Class-Types LSPs

3 Class-Types (CT0, CT1

CT2) CT 1 TE-Class

0

8 8 Class-Types

64 TE-Classes

DS-TE

8 TE-classes TE

LSP Head-end

LSP CSPF

Head-end

TE TE-Classes Class-Type
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LSPs

DS-TE Diff-Serv

LSPs

Diff-Serv PHBs

PHB

Overbooking

TE LSPs

DS-TE

CTs

CT

Restoration

TE

LSPs

DS-TE

RFC3564 Require-

ments for Support of Differentiated Services-aware

MPLS Traf c Engineering Juni-

per MPLS DiffServ-aware Traf c Enginee-

ring
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ERP OA

IP

MPLS VPN

MPLS VPN

IT

MPLS VPN

MPLS VPN P PE

SPE UPE CE VPN

PE MPLS VPN

L3

MPLS VPN

L3 MPLS VPN RF-

C2547Bis PE

PE

PE

PE

PE PE

PE
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P Provider router
PE Provider Edge router
CE Customer Edge router

MPLS 
CORE

MPLS EDGE

VPNA Site1
10.1.0.0/16

VPNA Site2
10.2.0.0/16

VPNB Site2
10.4.0.0/16

VPNB Site1
10.1.0.0/16

VPNB Site3
10.5.0.0/16

VPNA Site3
10.3.0.0/16

1 MPLS   VPN

1 MPLS VPN

P PE CE

P router CE

VPN

PE Provider Edge

CE VPN

CE Custom Edge Site

VPN

IP

VPN

PE MPLS VPN

PE MPLS VPN

PE

PE

VPN

VPN PE

WAN VPN

WAN PE

WAN

VPN

PE PE

PE

PE
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MPLS VPN PE

MPLS VPN PE

A S

VPN MPLS VPN AS VRF to

VRF MP-EBGP Multihop-EBGP

AS

VPN

M P L S

VPN

AS

MPLS VPN

MPLS VPN

MPLS VPN

MPLS

VPN

PE

MPLS VPN

MPLS VPN

PE HOPE PE

PE

L3

MPLS VPN

PE 2

PE(Underlayer PE User-end PE

PE) UPE UPE

PE(Superstratum PE) SPE

PE (Hierarchy of PE)

UPE SPE PE

PE

UPE VPN

VPN

SPE UPE

VPN

UPE SPE MP-IBGP
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MP-EBGP MP-IBGP SPE

UPE (RR) UPE

SPE PE

MP-EBGP UPE

PE PE

PE MPLS

UPE SPE

( ) SPE UPE

/

SPE UPE IP

MPLS SPE UPE MP-BGP

MP-

EBGP EBGP

UPE SPE

GRE GRE MPLS

LSP MPLS

UPE SPE LDP/RSVP-TE

SPE UPE SPE

U P E S P E M P - I B G P

UPE1 VRF(VPN1 site1, VPN2 site1)

PE1 VRF(VPN1 site3) VPN1 site3

10.0.0.0/8

D N

label: PE

P
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PE1 RT

SPE PE/SPE UPE UPS PE/SPE

UPE

lsp
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UPE1 FEC UPE SPE

LSP lsp PL2

SPE UPE L2 VRF

PE PL1

L3VPN

S P E U P E M P - B G P

M P - I B G P M P - E B G P

SPE UPE AS

A S M P - I B G P

S P E U P E

PE PE

P E S i t e

VPN SPE UPE

VRF import route-target list

import route-target list

P E

S P E U P E

SPE UPE AS

M P - E B G P S P E

Import route-target list UPE

S P E

PE

SPE UPE VRF

VRF

PE Si te

VRF UPE

ORF

UPE BGP Rou-

te Refresh ORF(Outbound Route

Filter) SPE ORF

UPE VRF import rou-

te-target list SPE UPE

O R F I m -

port route-target list
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5

SPE

UPE UPE SPE

SPE VRF UPE

VPN Site

Site VPN

Site

AS SPE-UPE MP-

EBGP Multi-hop EBGP

HOPE AS

VPN



网络之路

1�2

HOPE分层网络的演进

PE初期部署在汇聚层。当汇聚层接口数目不足时，扩展到接入层，接入层充当UPE，汇聚层充当

SPE；当汇聚层路由容量不够时，扩展到核心层，核心层充当SPE，汇聚层充当UPE；当两种情况都发生

时，形成�层结构，汇聚层充当MPE（中间层PE）。这种演进方式非常适合城域网的结构。如图6。

HOPE分级网络的延伸

如图7所示，MPLS VPN在全国范围内部署时，通常采用一种扁平化的组网结构，也就是直接通过骨

干网来提供MPLS VPN业务。在这种结构中，骨干网的PE通常设置在中心城市，用户CE都通过一条链路汇

聚到PE节点。

这种方式的缺陷在于：中心城市在接入远程CE时，需要消耗大量的广域链路资源；骨干网的规模不

可能无限制地扩展，其覆盖能力和扩展性面临严峻挑战。

采用HOPE之后，可以在地市甚至县部署UPE节点，形成多层结构，就近接入VPN用户。同时网络的

覆盖能力得到了增强，可以根据需要实现业务的平滑演进，以及网络的扩展与延伸。SPE和UPE可以在同

一个AS内，也可以实现AS之间的连接。

  图6 HOPE分层网络的演进
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BGP (RFC 3107)
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CPE Customer Premises Equipment

CR-LDP Constraint-based Routing LDP LDP

DS-TE Difference Service aware traf c engineering DiffServ

FEC Forwarding Equivalence Class

FIB Forwarding Information Base

HA High Availability

HoPE Hiberarchy of PE PE

L2VPN Layer 2 VPN VPN

L3VPN Layer 3 VPN VPN

LDP Label Distribution Protocol

LFIB Label Forwarding Information Base

LIB Label Information Base

LSP Label Switched Path

LSR Label Switching Router

MIB Management Information Base

MPE Middle PE PE

MPLS Multiple Protocol Label Switch

MPLS TE MPLS Traf c Engineering MPLS

MTU Maximum Transmission Unit

QoS Quality of Service

RD Route Distinguisher

RSVP Resource reSerVation Protocol

RSVP-TE RSVP Traf c Engineering extension protocol RSVP TE

RT Route Target

SPE Sevice Provider-end PE PE

TE Traf c Engineering

UPE User-end PE PE

VC Virtual Circuit

VLL Virtual Leased Line

VPN Virtual Private Network

VRF VPN Routing and Forwarding Instance VPN

VPWS Virtual Private Wire Service



1872006

·

MPLS


	目录
	MPLS发展简史
	Internet的发展提出的挑战
	IP Switching
	Tag Switching
	IBM的ARIS
	MPLS工作组
	MPLS的现在与未来
	MPLS VPN技术概述
	BGP/MPLS VPN
	MPLS L2VPN

	MPLS及LDP协议基础
	MPLS基础
	LDP协议初步

	MPLS LSP ping_traceroute
	前言
	MPLS转发路径故障
	MPLS LSP Ping/Traceroute原理

	MPLS L3VPN基础
	VPN技术概述
	MPLS L3 VPN技术综述
	MPLS L3 VPN路由交换及数据转发流程
	MPLS L3 VPN典型组网配置实例

	MPLS L3VPN多实例路由协议
	路由协议的多实例
	OSPF多实例与MPLS VPN

	MPLS L2VPN之VLL篇
	什么是VLL技术
	VLL技术

	VPLS技术简介
	VPLS为何物
	VPLS的基本原理
	LDP信令下的VPLS
	理解VPLS在我司S8500交换机上
	分层VPLS（H—VPLS）

	MPLS TE技术原理简介
	前言
	MPLS TE概述
	信息发布详解
	路径计算详解
	路径建立详解
	流量转发详解
	其他重要高级特性介绍

	MPLS TE技术重点协议及相关报文描述
	OSPF TE
	IS—IS TE
	RSVP—TE
	CR—LDP
	DS—TE

	分层PE技术简介
	前言
	分层网络与MPLS VPN网络架构
	HOPE的基本结构
	SPE—UPE协议内容
	HOPE实现跨AS VPN部署
	HOPE分层网络的演进
	HOPE分级网络的延伸
	分层PE的嵌套
	总结

	浅谈MPLS的测试方法
	概述
	MPLS基础协议测试方法描述
	MPLS应用测试方法描述
	结束语

	MPLS测试仪器使用方法
	MPLS相关测试内容
	MPLS测试思想
	MPLS测试仪器使用

	MPLS VPN组网应用分析
	MPLS VPN技术企业组网应用分析

	缩略语列表

