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switching statistics, displaying, 468–470
triggering, 466–467

MPLS
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point-to-point LAN transport, 351, 358–360
Ethernet port-to-port dynamic session

configuring, 376–377
data plane details, 381–383
verifying configuration, 378–380

Ethernet port-to-port manual session, 360–363
data plane details, 366–368
verifying, 363, 365

Ethernet port-to-port manual session with 
keepalive, 368–370

data plane details, 373–376
verifying configuration, 370–372

Ethernet VLAN-to-VLAN dynamic session, 
configuring, 383–391

policing
ATM traffic, 102

CBR.1, 104
UBR.1, 107
UBR.2, 107
VBR.1, 104
VBR.2, 105
VBR.3, 105

Frame Relay, 90–91
port transparency, configuring for EoMPLS 

port-based transport, 154
port-based EoMPLS transport, port-based EoMPLS 

transport configuration
case study, 154–157
switch configuration case study, 167–169

port-tunneling mode (EoMPLS), 146–147
post-fragmentation, 463
PPP (Point-to-Point Protocol)

encapsulation, 76–77
frame format, 77–78
PPPoMPLS, 194–195

case study configuration, 214–218
PPP over L2TPv3, 402–403

configuring, 417–419
control plane negotiation, 423–427
data plane, 428–431
verifying configuration, 419–422

preferred path
configuring, 256–258
with IP routing, configuring, 258–259, 261–264
with MPLS Traffic Engineering tunnels, 

configuring, 264–275

pre-fragmentation, 464
Protocol field (HDLC frames), 74
Protocol field (PPP frames), 78
protocol layers of pseudowire emulation, 17, 19
pseudowire class template configuration, case 

study, 173
pseudowire emulation, 16. See also pseudowires

auto-discovery mechanism, 22
configuring, 21–22
in multi-AS networks, 287

interconnecting psuedowires with 
dedicated circuits, 288–293

native service processing, 20
network reference model, 16
PE device system architecture

control plane, 19
data plane, 18

PEP, 20
protocol layers, 17–19
standardization

draft-kompella, 24–26
draft-martini, 24
IETF working groups, 22–23

transporting over PSN, 21
Pseudowire ID FEC element encoding, 126–127
pseudowire label binding, 126–127
pseudowire-class command, syntax, 354–355
pseudowires

and VCs, 188
AToM, 34–35, 128–129
connectivity verification model, 312

VCCV, 313–314
data plane connectivity, verifying, 

315–319
IW, 511

bridged, 513–529
case studies, 516–517
MTU, 515–516
routed, 514–515
routed, case study, 530–548

label mapping messages, decoding, 234–236
PSN layer, 17
VPLS, configuring, 575
WAN protocols over MPLS pseudowires, 

configuring, 188–189
PSN layer (packet-switched network), 337-338
PTI field (ATM cells), 97

PTI field (ATM cells)
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pure Layer 2 model, 61–62
PVCs, 5
PWE3 (Pseudowire Emulation Edge to Edge) 

group, 336

Q
QinQ, 62–65

asymmetrical links, 65
restrictions, 67–68
tagging process, 66

QoS, 491
ATM traffic management, 102
configuring for VPLS, 593–594
in AToM, 320

intermediate markings, 325
queuing, 323–324
traffic marking, 320–322
traffic policing, 322–323

input service policies, 504–506
queuing, 503–504
traffic marking, configuring, 491–497
traffic policing, 90–91

configuring, 497–502
traffic shaping, 92–93

queuing
configuring, 503–504
in AToM, 323–324

R
Rapid Spanning Tree Protocol, 61
redundancy, VPLS multihoming, 580
remote circuit id command, 171
required EoMPLS transport preconfiguration, 

150–153
restrictions of 802.1Q, 67–68
RFC 1547, 76

goals of, 76
RFC 1661, PPP encapsulation, 77
routed IW, 512–515

Frame Relay-to-ATM, case study, 547–548
Frame Relay-to-PPP using L2TPv3, case study, 

537–544

Frame Relay-to-VLAN using AToM, case 
study, 530–536

MTU considerations, 515–516, 544–547
routers, EoMPLS

configuration case studies
port-based transport, 154–156
VLAN-based transport, 157–161

debugging on PE routers, 179–183
troubleshooting, 174–179

S
security, LDP, 125
selection criteria for L2TPv3, 44

advanced network services, 45
existing network installation base, 45
interoperability, 46
network operation complexity, 46

sequence numbers, 131–132
service providers, 6
service-delimiting VLAN tags, 581
session establishment (LDP), 121
session messages (LDP), 118
session negotiation, L2TPv3, 346
shaping ATM traffic, 107–109
show arp command, 156
show connection command, 534
show ip traffic command, 459
show mpls forwarding-table command, 153, 178
show mpls l2transport vc command, 183, 592
show mpls l2transport vc commands, 174–176
show mpls ldp discovery command, 176
show mpls ldp neighbor command, 153
show processes cpu command, 458
show sss circuits command, 559
signaling, VPLS, 575–576
single cell relay mode (ATM), 243–244
SNAP (Subnetwork Access Protocol), 82
standardizing pseudowire emulation, IETF working 

groups, 22–23
draft-kompella, 24–26
draft-martini, 24

status enquiry messages (LMI), 85–86
status messages (LMI), 87

pure Layer 2 model
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StopCCN (Stop-Control-Connection-Notification), 
345

STP (Spanning Tree Protocol), 57
limitations of, 60–61
operation overview, 58–60
Rapid Spanning Tree Protocol, 61

STP Root Guard, 62
SUP720-3BXL-based systems, configuring 

VLAN-based EoMPLS, 164
switches

EoMPLS configuration case studies
port-based transport, 167
VLAN-based transport, 161–166

troubleshooting EoMPLS, 183–185

T-U
tagging process, 802.1Q, 66
targeted LDP sessions, 128
TCP MD5, 34
TLS (Transparent LAN Service), 569, 571
topological models (VPLS)

full mesh, 577
hierarchical VPLS, 578

with MPLS access network, 578
with QinQ access network, 579

hub and spoke, 577
partial mesh, 578

ToS reflection, 494–495
traffic management

ATM, 102
traffic policing, 102–107
traffic shaping, 107–109

Frame Relay, 90
traffic policing, 90–91
traffic shaping, 92–93

traffic marking
in AToM, 320–322

intermediate markings, 325
MQC, 495–497
setting ToS value, 492–493
ToS reflection, 494–495

traffic policing, 90–91
configuring, 497–502
in AToM, 322–323

traffic shaping, 92–93

transparent mode (OAM), 478
transporting pseudowire traffic over PSN, 21
triggering PMTUD, 466–467
troubleshooting

EoMPLS 
on routers, 174–179
on switches, 183–185

HDLCoMPLS configuration, 211–213
port transparency for EoMPLS port-based 

transport, 155–156
PPPoMPLS configuration, 215–218
VLAN rewrite on Cisco 12000 series 

routers, 171
VLAN-based EoMPLS on switches, 166
VLAN-based EoMPLS transport, 159–160

trunk mode, VPLS configuration, 583–584
tunnel labels, 36
tunnel ports, 65
tunneling

802.1q, 62–65
asymmetrical links, 65
restrictions, 67–68
tagging process, 66

L2TPv3 mechanisms, 42–43

U-bit (unknown message bit), 118
UBR (unspecified Bit Rate), 102
UBR.1 traffic policing, 107
UBR.2 traffic policing, 107
Unequal Cost Multipath, 252–253
UPC (usage parameter control), 102
update status messages (LMI), 87
UTI (Universal Transport Interface), 333–334

V
VBR (variable bit rate), 102
VBR.1 traffic policing, 104
VBR.2 traffic policing, 105
VBR.3 traffic policing, 105
VCCV (virtual circuit connectivity verification), 312

advertising, 313–314
data plane connectivity, verifying, 315–319

VCs (virtual circuits)
and pseudowires, 188
label mapping messages, decoding, 234–236
PVCs, 5

VCs (virtual circuits)
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verifying
AAL5_SDUoL2TPv3 configuration, 440–442
AAL5oMPLS case study configuration, 

226–229
ATM_CRoL2TPv3 configuration, 449–450
AToM hardware support, 236–238
cell packing configuration, 240–242
CRoMPLS configuration, 231–233
Ethernet port-to-port configuration, 363–365
Ethernet port-to-port dynamic session 

configuration, 378–380
Ethernet VLAN-to-VLAN dynamic session, 

386–387
FRoL2TPv3 configuration, 433–435
FRoMPLS configuration, 220–224
HDLCoL2TPv3 configuration, 411–415
HDLCoMPLS configuration, 208–211
PPPoL2TPv3 configuration, 419–422
PPPoMPLS configuration, 215–218

Version field (LDP packets), 117
VFI, VPLS configuration, 585–586
viewing encapsulation details, 559
virtual switches, 572–573
VLAN rewrite, configuring on Cisco 12000 series 

routers, case study, 160–161, 169–173
VLAN-based EoMPLS transport

configuring, case study, 157–158
switch configuration, case study, 161, 163–166
troubleshooting, 159–160

VLANs, STP, 57
limitations of, 60–61
operation overview, 58–60

VLAN-tunneling mode (EoMPLS), 146–147
VPDNs, legacy Layer 2 VPNs, 31–32
VPI/VCI field (ATM cells), 97
VPLS (Virtual Private LAN Service), 27, 569. 

See also hierarchical VPLS
access mode, configuring, 582
attachment circuits

associating to VFI, 586
configuring, 581–582

configuring, 581
domains, 570
dot1Q-tunnel mode, configuring, 584–585
EVCS, 572
example configuration, 587–592
flooding, 574

forwarding, 574
Layer 2 protocol tunneling, 594–597
multihoming, 598–602
network reference model, 570
per-VLAN MAC address limiting, 592
pseudowires, displaying status, 592
QoS, 593–594
redundancy, multihoming, 580
signaling, 575–576
TLS, 571
topological models, 577

full mesh, 577
hierarchical VPLS, 578–579
hub and spoke, 577
partial mesh, 578

trunk mode, configuring, 583–584
VFI, configuring, 585–586
virtual switches, 572–573

VPWS, 26–27
VTP, 62

W-Z
WANs

AAL5_SDUoL2TPv3
configuring, 439–440
control plan, 444
control plane, 443
data plan, 445, 447
verifying configuration, 440–442

ATM, 93
AAL, 95
AAL5 CPCS-SDU mode, 242–243
cell format, 97
encapsulation, 94
ILMI, 98, 100–101
interaction with pseudowire protocols, 94
OAM, 98–101
packet cell relay mode, 245–246
single cell relay mode, 243–244
traffic management, 102

traffic policing, 102–107
traffic shaping, 107–109

verifying
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ATM_CoL2TPv3
configuring, 447
verifying configuration, 449–450

ATMoMPLS, 198
AAL5 transport, 198–201
cell transport, 201–203

Frame Relay, 78
encapsulation, 79
frame format, 80–82
interaction with pseudowire protocols, 79
LMI, 83–87
over L2TPv3, configuring, 431–435
traffic management, 90
traffic policing, 90–91
traffic shaping, 92–93

FRoMPLS, 195–197
HDLCoMPLS, 193
over L2TPv3, 395

ATM transport, 404–406
configuring, 407–408
control plane, 395–396
data plane, 396–398
Frame Relay transport, 403–404
HDLC pseudowire transport, 402
L2-Specific Sublayer, 398–400
MTU considerations, 400–401
PPP transport, 402–403

over MPLS case studies, 203–205
AAL5oMPLS, 224–229
CRoMPLS, 230–233
FRoMPLS, 218–224
HDLCoMPLS, 207–213
PPPoMPLS, 214–218

PPP encapsulation, 76
frame format, 77–78

PPPoMPLS, 194–195

xconnect command, syntax, 352–353

xconnect command, syntax

1680FM.book  Page 623  Friday, February 11, 2005  11:44 AM




