BAEMPLS L2VPNB LR
H %

. AN
db 5 *ﬁsﬂ
L2VPN#ELAR
AHBEEEL2VPN
MPLSL2VPN# &
A
1. VPWSHR#E
2. VPLSHER#E

3.EVPN
4. PBB-EVPN

VPWS — BiESEER
FE2EVPNRARER : BiR
AToMZE
FEIBMPLSHEITHYL 2{HE
VPWSiT B 5

N
ANHRANZSEHEZRE IR (MPLS) HERM L2 EHFABE (L2VPN) pseudowires.
BEREMA

B9 N #8Cisco IOS®, Cisco |IOS® XERRBEMER o MNESURBXITA.

_H.

L2VP N

HESERERDIWZAPERE A, PPPEIPPP, SREERIERZS|(HDLC)S) ERFHEER



MPLSHIPHI B2/ (L2)E

L2VPNERAMPLS ERYL2BRE , MBS BNERN A | R EERERVPNAR R &AL E,
EEL2VPNAEERBREREAGRIEBRRAATMRIE YL 2ERSRETARNER@KERT
BRER, FAELL2VPNEERNREEAEBERERRE(VPWS),

« L2VPNRERBRPW)EITHEERN,

« PWRMHEADSEKR , UBBHSRBMEEPSN)ERZER BN RRKERE (NEXHE3HW
85 ) — IPv4, IPv6, MPLS, Z A#3E%,

- PWEMNMREREERMNEB(IW),

- EACLPEHES LEWMIESHEITEHE | WBBPSWEXZRIHPER HESR.

o HOPERKHESHMEPSWIZNWE B 3 I BR £ 8,

- BHHPERIUEIL A HEZFIAC,

P -‘\'l iLZ o et {65 Ui s s v e B ]

= = =

ATEEEL2VPN

. RFSPAIPREMEMRRIEIZHE —BERERE,

s BEHATMAINE PR IRISBEREIMPLS/IP L , MA S ETIR AR,

- EEAEHMPLS/IPZ O | BEFHL2VPNIRE2IBEN ( FR2MERR ) -

« BEIP/MPLSHERRNEARNELTHE,

- SPIEMFHNH2ERE2ZHRKETUREBECHIEH, QoSKE, T2HFIE,

MPLSZE2EVPNZEL 3%
AT E



"4
[

1. VPWS R #%

R R BARBIRPW)

2. VPLSHR#

=4

3.EVPN

- XEVPNRFISI AT —HK Z KBRS RS =

a.BAR Z KBEFMPLS# O EHIMACH i EE R B BGPIZHIF E
b. IP VPN A8 [ IR Bl 1R 41 B

AE R R AR

a.#EMP2PPR&IE F R BB 1%
b EBIBAOER (EBMP2PBEE ) HLSMA % B 128 Ei



ETFEENCTHZHEFBRAER
4. PBB-EVPN

HSPBBHYIER T & ( thFBAMAC-in-MAC ) EBEEVPNF ERBGPHIMACEBHES

EVPNAIR 475 B & 815 EEVPN(PBB-EVPN) 2 EABGPE#I L EH T —KL2VPNEER AR | AR
EROLEETMACH H/EE  EEMEUTER :

- KEBREETHRENEHTE
- LB FIRE

. ERIEEER

o PR

« MACH:3it ATE F 1%

VPWS — AigSEZER

1. PWE2WEPEEE 2B ER , ERMEARL2IEHNAC,

2. Any Transport Over MPLS(AToM) 2 B &l ¥ IP/MPLSHB & By VPWSE HE

3. ERERAC)RKCEEREIPEMNMEREEL , WELEATM, EH#, HDLC, PPP%,
4. B#F(CE)EBMPWRAIEH ARG TR,

—_— = —

. .- . . ] “\.
4 Customer ™\ | Customer
¢ Site ' 4 She
\ [ MPLS or IP core L ' /
ol . * - I"-'.. LE R B N N NN NN NN ':-:' iiiiiiiiii ‘- - h‘ e =F g_/_/]
. P:--udn Wires AC2
r - H‘M‘H- ___gi 1“'\_
: K‘--._ u Customaer
. Site

E2EVPNRUAES : BiR

L2VPN 2 £ A R#R(PW) BT ERN .

- PWERMEBAFTBEN  LUEBHSXREMBIEPSN)/Ein S ER BIWAKRY (BNExHaEn
8k ) — IPv4, IPv6, MPLS, Z AX#3E%,

- PWHEiiRREREEHMNEBIW).

- EACLPERHE FERMNEEETHE  WBIBPSWEXZRIFPER B

- BHPERABFKEIRBERRNER DI MBREEE,

- BHPEREIEIL A HEEFIAC,

AToMZE &



- EATOM#AEEH , SPHEFTERHEREETMPLS , MPER B ESERCERHENAC,
- ¥AToM , PSNRZE R T8 2 R {EPES B 25 < MM E B R & &LSP,

- EBH , HEALSPEBNEREEDATOMI L T X HBAREZEE.

- B, LDPTEPEZ EZEBEIERAE.

« 5=, LSPALARRSVPEBIBTEFENER & HFARAMPLS TEPZE,

- FRALRREEE , BB EMEFTEFHPSNEEE B R HEPSNZE.

- WRREZEREREIBMPLS B A% 08 {78 i o i A PETEER 252 v = 8 LH PE

« BTHE—EPSNBEE L ZREAZ MBI , PERHEMERS —EEZBREB B,

- WEBBAVCHEPWESR , RATER TIHZEERAIMNVCHEPW,

EIBMPLSE TR L2EEH

» Targeted LDP session / BGP session / Static
— Used for VIC-label negotiation, withdrawal, error notification

The “emulated circuit” has three (3) layers of encapsulation
Tunnelling » Tunnel header (Tunnel Label)

Component ~ To get PDU from ingress to egress PE
~ MPLS LSP derived through static configuration (MPLS-TP) or dynamic (LDP or
RSVP-TE)
Demultiplexing  « pemuttiplexer field (VC Label)
Component ~ To identify individual circuits within a tunnel

~ Could be an MPLS label, L2ZTPv3 header, GRE key, elc.

» Emulated VC encapsulation (Control Word)
— Information on enclosed Layer 2 PDU
- Implemented as a 32-bit control word

Layer 2
Encapsulation

VPWSRE 2

Tunnel Label
VC Label VC Label (VC) TC | 1 | TTL (Setto 2)

Control Word EULURLE:E LG LT Sequence Number

Layer 2 PDU




1. R T =ik,

2. FEATunnel EREPEZ B E R,

3. VCEEEZEEPW,

4. VCEEREPEZ B H AN,

5. A[iEEHIF(CW)EBHEE2 BV BAHERF.

Control Word

__Encap. | Required_

ATM N:1
Cell Relay No
ATM
AALS Yes
Ethernet No
Frame
Relay [
HDLC No
PPP No
SAToP Yes
EEEHDPE .

BRI BIR



- PERRHISS BN TLDPEEEABLER H AR,

- PEHESZENT-LDPEFESBESHEPSWEEAVCES,

s WEBECFATERRBERNEBEESTEANEBRHPEEPETES,

- HOPE®BTLDPEERACKH M APEESHWVCER., TLDPHVCEBRHE
- LDPEAOPEBE H OPERHSEHNREREER, # LDPESEHREER

FER  HOPEESE®S , RPAEMTPHP,
HETLDPEFE LBENEREPEE IR LTLY:



LDP Label Mapping message:

IP Header

TCP Header (Port 646)

LDP PDU

LDP Header

LDP Message: Label Mapping

FEC TLV
PW ID FEC Elemant 128: Intedace Paramatars

| Genenc Label TLV




Sending 5, 100-byte MPLS Echos to 10.6.6.6,
timeout is 2 seconds, send interval is 0 msec:
Type escape sequence to abort.

Success rate is 100 percent (5/5), round-trip min/avg/max = 48/61/80 ms

RHNER :

1. ECHO?ES
FA2ERE — VPN EE
EATEPWEBNERERNIEE, TUETERISR (EAERER ).

BE:2

SRCIP : REIP ( AR BELDP#ER®RZ )
DST IP:127.0.0.1

L4& 5] : UDP

SRCI£ : 3503

DST# : 3505

TOS{ut#E : BEEA

MPLS EXP : BJEH

DF{y T : B

IPv4RIBEMVIEEFERAT : BEBFEHRZEMN (EPUNTZICPU )

UDPERTLUEMPLSER I EIEE R

BLE:

4 9.203148 10111 10001 - MPLS E. 138 MPLS Echo Request

Frame 2: 130 bytes on wire (1049 bits), 130 bytes captured (1848 bits) on interface @

Ethernet II, Src: ca:01:1b:c0:00:@6 (ca:01:1b:c0:00:06), Dst: ca:04:13:5c:00:06 (ca:04:13:5c:00:06)
MultiProtocol Label Switching Header, Label: 24, Exp: @, S: @, TTL: 255  Transport label
MultiProtocol Label Switching Header, m Expe G 5 15 e 3 VPN label

PW Associated Channel Header e

Internet Protocol Version 4, Src: 10.1.1.1 Dst: 10.0.0.1

User Datagram Protocol, Src Port: 3503 (3503), Dst Port: 3503 (3503)

Multiprotocol Label Switching Echo



E2BIRR

> Frame 4: 130 bytes on wire (1040 bits), 138 bytes captured (1048 bits) on interface @

v Ethernet II, Src: ca:@1l:1b:c@:00:06 (ca:01:1b:cP:00:086), Dst: ca:04:13:5c:00:06 (ca:04:13:5c:00:06)
> Destination: ca:84:13:5c:80:06 (ca:94:13:5c:00:06)
> Source: ca:@1:1b:c@:80:06 (ca:@1l:1b:c0:00:06)

¥ MultiProtocol Label Switching Header, Label: 24, Exp: @, S: @,|TTL: 255

0000 0000 0000 0001 1000 .... .... .... =|PL5 Label: 24]

tas sase sase asas 2a.. BB@. .... .... = MPLS Experimental Bits: @
ce ssss ssses sase sese sss@ sees .... = MPLS Bottom OFf Label Stack: @
eese se.. 1111 1111 = MPLS TTL: 255

v MultiProtocol Label Switching Header, Label: 28, Exp: @, S: 1, TTL: 1
2200 pboob 000G G001 1108 .... .... .... =IMPLS Label: 28'

fise wase sass saas s... OOO. .... .... = MPLS Experimental Bits: @
el e EEE EEEE EEE Sl EeiEE Emis =|MPI.S Bottom Of Label Stack: 1|
ssss ssss ssss ssss ssssx ssss 0000 9081 = MPLS TTL: 1

¥ PW Associated Channel Header
.... 8088 = Channel Version: @

Ehannel Type: IPv4 packet (exBP’“‘I

> Internet Protocol Version 4, Src: 10111 pst: 10001
> User Datagram Protocol, Src Port: 3583 (3563), Dst Port: 3503 (35@3)
> Multiprotocol Label Switching Echo

L3/L4:



~ PW Associated Channel Header
ee.. BOBO = Channel Version: ©
Reserved: @x8e
Channel Type: IPv4 packet (8x@821)
~¥ Internet Protocol Version 4, Src: 19111 » Dst: 10.0.0.1
e1e9 .... = Version: 4
«2.. 9110 = Header Length: 24 bytes
»[Differentiated Services Field: OxPo|(DSCP: CS@®, ECN: Not-ECT)
Total Length: 1e4
Identification: @xfd38f (64911)
v |Flags: @x@82 (Don't Fragment)

@¢... .... = Reserved bit: Not set
I .1.. .... = Don't fragment: Set |
..®. .... = More fragments: Not set

Era nt offset: @
>|Time to live: 1 I
Protocol: UDP (17)
> Header checksum: @x65ee [validation disabled]

Source: 10.1.1.1
Destination: 110.0.01

[Source GeoIP: unkKnown ]
[Destination GeoIP: Unknown]
v lOoptions: (4 bytes), Router Alert
v Router Alert (4 bytes): Router shall examine packet (@)
> Type: 148
Length: 4
Router Alert: Router shall examine packet (@)
v User Datagram Protocol, Src Port: 3583 (3503), Dst Port: 3503 (3503)
I Source Port: 35@3

Destination Port: 3583
Length: 80
» Checksum: @x029f [validation disabled]
[Stream index: @]
> Multiprotocol Label Switching Echo

ERMPLSES :



~ Multiprotocol Label Switching Echo
Version: 1

“lessage Type: MF cho RequestT (1)
Reply Mode: Reply wia an 1Pva/1Pv6 UDP packet (2)
Return Code: No return code (©)

I Sender's Handle: @xc7735d85 I

equence Number: 55
Timestamp Sent: Feb 3, 2017 1@:41:23.998999000 UTC |
Timestamp Received: Jan 1, 1976 ©66:00:00.800000800 UTC
v [Wendor Private

Type: Vendor Private (64512)
Length: 12
Vendor Id: ciscoSystems (9)
Value: 2601220400000084
~ Target FEC Stack
I Type: Target FEC Stack (1) I
Length: 20
f FEC Element 1: FEC 128 Pseudowire (new)
Type: FEC 128 Pseudowire (new) (10)

L h: 14
=ngtT . 10111

Sender's PE _Address

Remote PE Address: 106.6.6

vC ID: 1ee

fncapsulation: Ethernet (5)
MBZ: ©Ox80806

Padding: eoee

2.EFEETE -
AEF1EER — &\,

FLEREROEE, EVRRRAKZUTHLDOPMET TRESR (EHABHER )

BE 1

SRC IP : X EIPH#iE ( AHIFE10.1.6.2)
DST IP : BIEERPHETHIRIP — FREEHFIHIRE
L4245 : UDP

SRCIE : 3503

DST#£ : 3505

TOSfu st : BERA

MPLS EXP : B3E

DF{:ZJt : B8

UDP& 8 A] LA RMPLSIRE 3T 2 o FE FE &
MPLS EXP&ON3 52 E 56

DF{ Jt 2 FRK



HBENVCHMEN :

<{froot>

R1#sh mpls T12transport vc detail

Local interface: Fa2/0 up, line protocol up, Ethernet up

Destination address: 10.6.6.6

1

VvC ID: 100, VC status: up

Output interface: Fa0/1, imposed label stack {24 28}

Preferred path: not confi
Default path: active

Next hop: 10.1.1.2

gured

Create time: 2d17h, last status change time: 2d17h

Last Tabel FSM state change time: 2d17h

Signaling protocol: LDP, peer 10.6.6.6:0 up

Targeted Hello: 10.1.1.1(LDP Id) -> 10.6.6.6, LDP is UP

Status TLV support (local/remote)

LDP route watch

Label/status state machine

Last Tocal dataplane
Last BFD dataplane
Last BFD peer monitor
Last local AC circuit
Last local AC circuit
Last local PW i/f circ
Last local LDP TLV
Last remote LDP TLV
Last remote LDP ADJ]

MPLS VC Tabels: local 28,

status

status

status

status

status

status

status

status

status

rcvd:

rcvd:

rcvd:

rcvd:

sent:

rcvd:

sent:

rcvd:

rcvd:

remote 28

Group ID: Tocal 0, remote 0

MTU: Tocal 1500, remote 1500

: enabled/supported
: enabled

: established, LruRru

No fault

Not sent

No fault

No fault

No fault

No fault

No fault

No fault

No fault



Remote interface description:
Sequencing: receive enabled, send enabled
Sequencing resync disabled
Control Word: On (configured: autosense)
Dataplane:
SSM segment/switch IDs: 4097/4096 (used), PWID: 1
VC statistics:
transit packet totals: receive 1027360, send 1027358
transit byte totals: receive 121032028, send 147740215

transit packet drops: receive 0, seq error 0, send 0

L2VPNE &

L2VPNEBBB AT RN ERERERRELEI G L, BEBYERLSETTEAE2BHEZ
BRER, ERHARES , ERRIBHREXERERR , MBACKBEE,

Rtz wl , MimBVACRMERMHERG , hBAHEFINEE,
L2VPNE&ERAToMIbEE , SEFFEAToMAE RS Ryl £ A A~ B A9 £ 22 2 5l

- FEREMEREEREREAC).
o Cisco IOSE X B REEZEL2VPNEE(IW)HEEM T

1. IP/B§H : EMPLSEMN —iwMiBR ( X ERAMPLSIES ) MACHREE , WS —EPEEBEIH
MACHREE, IPFREERE R

2.2 KB HE  MACEREARTEMEKR. SMPLSEEREIMEMACERE 2 L , WAEMACHEIRFEZE
EEIMPLSEW B —if,

BEBHY AT REME

a. PR 2 XM
b. FREPPP
c.FREIATM

d. Z A#BZIVLAN

e.Z XBEIPPP
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https://www.rfc-editor.org/rfc/rfc4667
https://www.cisco.com/c/zh_tw/support/index.html
https://www.cisco.com/c/zh_tw/support/index.html
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