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« ERHHMERSHERT |, FESE ATM Fi b RS TEZE MPLS/IP L.
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3. EVPN
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4. PBB-EVPN

- PBBHH EBIE ( X& MAC-in-MAC ) 5 EVPN EF BGP #§ MAC #J &S

EVPN M2 £ F M EVPN (PBB-EVPN) 2E F BGP ##|FEERK O L# 1T MAC B &%
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1. PWRFHMNPEIRE Z A MIEE | EERIMEBL2MAAC,

2. MPLS L#Za4&% (AToM) 2 BB IPIMPLS M4 EHER VPWS,
3. AR (AC) RiE#E CE 5 PE (WESEM R | LR ATM, M4k, HDLC, PPP &

4. Edge(CE)iR Z R PWL A L = 45X S BB 8% o

~ Emulated Service
E2RVPNERARERF @ thik

L2VPNR A th & (PW)E R 2,

« PWEHBANPEBARBEIHFESRBEMEPSN) ( BEEABIFESHME ) (IPv4, IPV6,
MPLS, BLAM ) RSB MR LIRS

- PWEARRERZEEHBFEBE(IW),

- AC Ly PE BRHEBERNMAL T HE K AFBEY PSW XX ZxfE PE BEHES.

- 0 PE BEHRTEBCR BN BESHBIBREREK,

- 0 PE ATREMMIFHE K4S AC,



AToM ZE#3

« £ AToM WM& | SP WATE KR HEESEZ1T MPLS , B PE IRH88M AC Ti@1E CE BBHES,
- MiATOM S , PSN BB ER TSI RH A PE BHSRZBHNIRE IR (LSP).

« At , 5iZ LSP REKHFREIE AToM E T XHFH A BREIRZ,

- B% , LDP AT PE 2 EZEMERES

« H)R ,LSP AL MPLS TE B3i& , RSVP &/ TE TENT BEEE S,

o EFLLBRERRE | BT LAHE E WP &S AV PSNBZEE T B PSNPZE,

o WRRBEMRZAETES MPLS =T MMM AEA O PE AxE=EHE O PE,

- ENSRHEERE—% PSNFREF , PE BRHEEEFEAEMRZRIFRA AL,

- WHRZLERARRZERE BMATEE VC 3 PW M##A VC 5 PW #5%,

HT MPLS ¥ L2 1525

» Targeted LDP session / BGP session / Static
~ Used for VC-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  « pemutiplexer 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 POU
- Implemented as a 32-bit control word

Layer 2
Encapsulation

VPWS 8 i



2 2 3
0 3 1

0
0
Tunnel Label Hﬂ“
VC Label

Control Word RALUE L CH el BT LY Sequence Number

Layer 2 PDU

1. AT ZRHE,

2. EAREREHE PE ZHXRHIFES.

3. VC #r&HR1R PW.

4. 1 PE 2 [A)f%iE VC R EMET.

5. AEIRHF (CW) EEE 2 BEGIMH B REF.



Control Word
| Encap. | Required

ATM N:1
Cell Relay No

ATM
AALS Yes

Ethernet No

Frame
Relay

HDLC No
PPP No
SAToP Yes

CESoPS
M

Yes

Yes

thek fhek

- PE BHESEZEEA TLDP &F£BALTHNES.

- PE BRHIZSZBIfEA T-LDP £1F , BE 5 PSW XEH VC #5%,

- WS EFEATEETIRESESEXNNITSHE HEREL,

- 0O PE @X TLDP £i%E AC (WA DO PE #% VC #7%, #TLDP @&M VC &
- LDPEIAOPEBRESHOPERBBFNRRERE, #LDPELTHRRERE



BHEE , HOPEBEHNRRE 3, XKRAMFEHT PHP,

TLDP £ EFIBES NI SHMEEEFE LT TLV :



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




BREINEHFEKERN O, NBHBELARERNERXAST , AEERWZ BT EBBRETHA

2. REFRAMBIF : ERLFISE , BRSTUARUBES
KIEE PWHE-—NREINFIIEHN 1, BESIMEISFISHLEE 1, EEXE 65535
MRBFWB[RNIKRFFS , MFHEER , FEXNTF AToM BIESEHHEF
RINBRT , FL TREARS.
3. B9 .
BREBR AT MPLS R E , FEILEM ERENAKIVRE R B,

BHBREFE-—M¥FT , URE-IH¥FTH 4, MR IPVA HES, BREFFZIUEN OB
¥FIFFL, MEA OAM BiEavIRSH|F N LE 1 T,

4. et 7 ERMEA

AATERARS R
00 = K7 E&
01=8—" o
10=KE—1"70hk
11 = HE 5
HARFEAE
PE1 PE2
= e A - CE-2
Traffic direction
Tunnel label
i Fenultimate H
swappingthrough | | (HLTECRCW | [VC e
WG and Tunnel MPLS cloud ping dispasition
label imposition \
Push Swap Pop Pop
Push

'lunnel Label




A0 PE WKZIkE CE Mymint , 2&EX MPLS ETMFEWE X EFEM TR MIZMHEO LSR :
1. BERE (ML ) - HHME LSR MO PE BRMHN BIRVE.

2. VC i (KH#HZ ) - RO PE EMH O AC.

£ AToM ME&H |, B3 PE BRHASRMAIEME 2 R# 1T B LDP &%,

TLDP £EAZEHLERNET  REENR , BE VC 7,

S$B1: AOPEAEEE KNVClabe HEX B £, RISHIARRETE,

£ . BENZIREMAZEPENIGPRIZXBNTE, MAIRREE AToM NIEEL.
B=F . AR, GREBEFSZREAMPLSERES , EXIREIERH OPE2,

EML . HBEREIEHO PE Y, BEFEEHMER. XRRNKE—PEMESRMNEAPEZHE
PHP{TH .

SBHS . HOPEERREEFEHTER VC X, FHEHE A ASHMERELEEBN AC.

PWIRAET

EPERHSJ[IRE THLE , PEUTUEEZEEPER HAKRDES. BERMNEE -
1. RS (RIENFZE)
- PE BESBUURENRSHEEEIRSMEABRBUER |, #MEERSME,

« IR AC XH , PE BBHZBR2MEIZRE PE RIENREHHEHES |, NtEiE PW RSES.
- MRERYEEOXE , WEE4 ID WARSHEER AERIEONAA AC HEXHNES.

2. PWIRATLV

. é’{?yé)%*&i?%;ﬂuw , PWIRASTLVEALDPHRZEMETLY, XA PE BRAHBFEFERAE N
. g;é}:—é‘ PE BBHSRA X PWIRA TLV 737% , A& PE BHERIMRENEA RS
. ;gfwéi}é , LDP BAUEERHEH PW IRES TLV. PWIRE TLV 278 32 RSB F KR,

AToM EXFEE

SRR IR ERRE,



% 2% : f£mM CE M0 L/F A specifying the connect
xocnnect peer-router-id vcid encapsulation mpls
Peer-router-id : EiE2PE H 25 HILDPEE I 85id,

VCID : &5 BAPWHIRIRAT,
$BI—BEFESPERHEDAEE T xconnect , BIAKEPER B HE Y BHFRLDPAE,

e BFES 00

B3 M A OPEE|H OPE/ A%k ping.
B RX /& KRIE MPLS BN ERMBEHED.

HF

100 - - 10.1.1.1. -10.6.6.6
Q—H_Hi
CE-1 PE1
- — — — — — - — — — — T — — — —

XConnect - VCID 100

MPE1 ping PE2:

R1#ping mpls pseudowire 10.6.6.6 100
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



1. BIRIER :
HAE2MRE — VPNAU L5
ERNTHPW LABELWARICBIB B RIE, TUBRERKR (FERELERE ),

X2

SRC IP : 3R[E IP ( £ B %5 LDP £ A )
DST IP : 127.0.0.1

L43 A - UDP

SRC w0 : 3503

DST i O : 3505

TOSZF¥i : XM

MPLS EXP : <

DF{x : FF

IPVAETIFEREEFEAD : BRHIFEHREIMFE ( MPUNTZICPU )
UDP A& AT SA 2 MPLSHRZ 33 #2 B B 3R

BEiR:

4 9.203148 10.1.1.1 10001 - MPLS E. 138 MPLS Echo Request

Frame 2: 130 bytes on wire (1040 bits), 130 bytes captured (1848 bits) on interface 0

Ethernet II, Src: ca:01:1b:c0:00:06 (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 e 1 T VEN label

PW Associated Channel Header pr—

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

% 2 BIFE



> Frame 4: 130 bytes on wire (104@ bits), 138 bytes captured (1048 bits) on interface @
v Ethernet II, Src: ca:81:1b:c@:00:86 (ca:01:1b:cP:00:086), Dst: ca:04:13:5c:00:06 (ca:04:13:5c:00:06)
> Destination: ca:94:13:5c:80:06 (ca:94:13:5c:00:06)
> Source: ca:81:1b:c@:00:06 (ca:01:1b:c0:00:06)
Type:MP abel switched packet (Uxss4/) |
¥ MultiProtocol Label Switching Header, Label: 24, Exp: @, S: @,

0000 0000 0000 0001 1000 .... .... .... =|APLS Label: 24]
sas ssas saas sass sa.. BOO. .... .... = MPLS Experimental Bits: @
cs sase sees sees seee 2228 ... .... = MPLS Bottom Of Label Stack: @
5 imimisis ) eses aaa. 1111 1111 = MPLS TTL: 255

v MultiProtocol Label Switching Header, Label: 28, Exp: @, S: 1, TTL: 1
0000 0000 0060 6601 1160 .... .... .... =IMPLS Label: 28'

fise sase sass saas s... OOO. .... .... = MPLS Experimental Bits: @
el miEimiE EEEE sEeE e Eed S s =|MPLS Bottom Of Label Stack: ll
ssss ssss ssss ssss sssx sass 0000 9081 = MPLS TTL: 1

¥ PW Associated Channel Header
.... 8888 = Channel Version: @

Ehannel Type: IPv4 packet (Gxﬂ?“'J

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

L3/L4 :

¥ PW Associated Channel Header
++.. 992® = Channel Version: @
Reserved: ©x886
Channel Type: IPwv4 packet (8x8821)
v Internet Protoccl Version 4, Src: 109111 » Dst: 10001
9188 .... = Version: 4
... 8110 = Header Length: 24 bytes
»[Differentiated Services Field: Ox00|(DSCP: €58, ECN: Not-ECT)
Total Length: 104
Identification: @xfd3f (64911)
v |Flags: @x@2 (Don't Fragment)
... .... = Reserved bit: Not set
I .1.. .... Don't fragment: Set |
«e@. .... = More fragments: Not set

Fra 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: unknown ]
[Destination GeoIP: Unknown]
v loptions: (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 (3583), Dst Port: 3503 (3583)
I Source Port: 35@3

Destination Port: 3583
Length: 80
» Checksum: @x829f [validation disabled]
[Stream index: @]
> Multiprotocol Label Switching Echo




SLBR MPLS %K :

~ Multiprotocol Label Switching Echo
Version: 1
Global Flags: ox
essage lype: cho Request (1)
Reply Mode: Reply wia an 1Pva/1Pv6 UDP packet (2)
Return Code: No return code (©)

I Sender's Handle: @8xc7735d85 I

equence Number: 54
Timestamp Sent: Feb 3, 2017 1@:41:23.998999000 UTC |
Timestamp Received: Jan 1, 1976 ©66:00:00.8000088808 UTC
v [Vendor Private
Type: Vendor Private (64512)
Length: 12
Vendor Id: ciscoSystems (9)
Value: 2801220400000004
~ Target FEC Stack
I Type: Target FEC Stack (1) I
Length: 20
[ FEC Element 1: FEC 128 Pseudowire (new)
Type: FEC 128 Pseudowire (new) (10)
Length: 14
Sender's PE Address: 0111
Remote PE Address: 10.6.6.6
VC ID: 1ee
fncapsulation: Ethernet (5)
MBZ: ©exBoee
Padding: eeee

2. BINNE

AT 1RE — B8,
FERBRBBEERE, HTFROPFFELDP , R AT ITARE R ( ERAGHEE ) .

L 1

RIP APt ( AH1F510.1.6.2)

DST IP : BN iERPXKIHR IP - R HIBFHIRE
L4 # : UDP

SRC #% M : 3503

DST %A : 3505

TOSF¥ : XA

MPLS EXP : %

DF{x : FF

UDPFA 2 ] AR MPLSHR 23X #R [0 B B &

MPLS EXP EFF /S HiREN 6



“DF "B 8

VC HAERUHSE !

<{froot>

R1#sh mpls T12transport vc detail

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

Destination address:

1

VvC ID: 100, VC status: up

10.6.6.6

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

Preferred path: not configured

Default path: active

Next hop: 10.1.1.2

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

Last local AC

Last local PW

circuit
circuit

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

: enabled/supported
: enabled

: established, LruRru

No fault

Not sent

No fault

No fault

No fault

No fault

No fault

No fault

No fault



Group ID: Tocal 0, remote 0O
MTU: Tocal 1500, remote 1500
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

L2VPN 3Z HigE

L2VPN RERFET EREE , AVPEETRNEABRR, RERFUHRARETRERE 2 ZHEZ
EEY R, TRIRFIBEHRERRANZFERNFTRERE , RN AR ERE

SR AN, MEFRE AC BETHRNHERT  wiih ERHEE,
L2VPN X EIRIESH AToM 4 | AVFE AToM P4 i 5 A R R 5 S 2

- XEEHFRNRAEABRE (AC) HiE,
+ Cisco 10S ML TH A L2VPN R EZE (IW) ZhEE -

1. IP/3&H : EMPLS=H —IwMIBR ( HEHRAIMPLSHRZ ) MACHRL , HER —/\PEXIEIHY
MACHi 3k, IP $RKIRZEHERE,

2. AR M/HF 8 - MACHRSKRMIER. MPLS #RE % MAC #kz £, T MAC Bk iR REFZIEE
MPLS =#Y 5% — i,

ATRER R B R1F
a. iR 4R 3 LA
b. FREIPPP

c. MR AE] ATM

d. AR E| VLAN



e. LA XM EIPPP
MHXEE
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o FARLZFFHY - Cisco Systems
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