INDEX

A

AALS over MPLS operation, 459—460
configuration, 462-463
flowchart configuration, 461
PE router, 461
provider router, 461
verification, 463-465
AALS to VLAN Interworking, 515-517
AC (Attachment Circuit), 452, 529
address families, VPN routing, 86-90
address-family ipv4 vrf command, 217
addshelf command, 71
adjacencies, 11
administrative weights, constraint-based SPF, 389
advertisement messages (LDP), 13
aggregate labels, 17
any to any interworking, AToM, 499
AALS to VLAN interworking, 515-517
bridged interworking mode, 499-500
Ethernet to VLAN interworking, 502-505
Frame Relay
AALS Interworking, 506-509
PPP Interworking, 509-512
VLAN Interworking, 512-514
L2 VPN Interworking, 501-502
routed interworking, 500-501
Any Transport over MPLS. See AToM
architectures
blocks, 6
CSC, 372
VPN, 83-84
ASBR routers (Autonomous System Boundary
Routers), 272
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local switching, 517
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frame relay to frame relay, 519-521
QoS implementation, 599-602
Attachment Circuit (AC), 452, 529
auto configuration, VPLS, 530
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automatic route filters, VPNs, 105-106
Autonomous System Boundary Router (ASBR
routers), 272
autonomous-system command, 186
available bandwidth (MPLS TE) versus maximum
bandwidth, 386387
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backdoor links
EIGRP PE-CE routing protocol, SoO attribute,
201-202
OSPF PE-CE routing, 168-171
configuration, 172—180
flowchart of configuration, 171
back-to-back VRF method, inter-provider VPN
distribution, 273-274
configuration, 276-287
control plane forwarding, 274
data forwarding, 275
backup tunnels, FRR operation, 409
bandwidth command, 582
BGP
communities, partitioning route-reflectors,
242-243
PE routers, 243-247
provider routers, 243-244
verification, 247
cost community, EIGRP PE-CE routing
protocol, 199-200
CSC label exchange, 347
MPLS VPN superbackbone, 144-145
So0 (site of origin), 670
BGP PE-CE routing, 213-215
commands, 269
Hub and Spoke environment

same AS numbers, 266-268
unique AS numbers, 260-266
implementation flowchart, 216
route-reflectors, 225
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deployment methods, 225-231
partitioned, 236247
peer groups, 248-253
RR configuration, 232-236
unique and same AS numbers, 217-218
CE routers, 218-219
configuration, 219-222
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BGP PE-PE routing, VPN configuration, 99-102
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PE1-AS1 and PE2-AS1 router, 102-103
bgp rr-group command, 237
both keyword, 98
bottom-of-stack indicator, 9
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cell-mode MPLS verification, 73-76
configuring as ATM LSR, 67-68
BPX configuration, 69-71
Edge ATM LSR configuration, 73
LSC configuration, 72
bridged interworking mode, AToM, 499-500
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carrier supporting carrier. See CSC
case studies
BGP S00, 670
CBTS (class-based tunnel selection), 649
configuration, 651-653
implementation, 649
verification, 652
commands, 671-673
Dynamic Layer 3 VPNs, 642-644
configuration, 647
L3 VPN over mGRE tunnels, 644
verification, 647
Hub and Spoke with EIGRP Topology,
659-661
Hub and Spoke with OSPF Topology, 654-656
router configuration, 656-657
verification, 656—658
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inter-provider VPNs
multi-homed inter-AS provider network,
335-343
route-reflector and BGP confederation
implementation, 328-335
Layer 2 VPNs over Inter-AS topologies,
633-634
configuration, 636
pseudo-wire switching, 634—-635
verification, 634
Layer 3 VPNs over Layer 2 VPN topology, 637
configuration, 637-642
pseudo-wire redundancy, 640
verification, 640-641
multicast VPNs, 609-610
configuration, 611
implementation, 613
operation, 610-611
verification, 615
multi-VRF CE, 616-617
based on source IP address, 620-623
configuration, 619-620, 630-632
device configuration, 617-618
HSRP integration, 624-625
multicast support, 627-628
NAT integration, 625-626
verification, 629
VPLS implementation with GSR 12000 series,
662
operation, 663-664
packet forwarding, 664—667
requirements, 667-669
CBR (Constraint Based Routing), 379, 385-386
CBTS (class-based tunnel selection), case study, 649
configuration, 651
final configuration, 653
implementation, 649
verification, 652
CE routers (customer edge routers), 84
back-to-back VRF method, 277-278
BGP PE-CE routing
RR configuration, 233
unique and same AS numbers, 218-219
EIGRP PE-CE routing protocol, basic
configuration, 191-195
OSPF PE-CE routing protocol, sham links,
176-180

RIPv2 PE-CE routing configuration, 124-125
static PE-CE routing, 115
VPLS
configuration, 565
Direct Attachment Architecture, 545-546,
555
H-VPLS, 565
VPN, 84, 95
CEF (Cisco Express Forwarding), 11, 35
cell interleaving with VC-merge, implementation,
30-31
cell-mode MPLS, 22-24
ATM VC-merge, 29-31
control VCs, 23
data plane forwarding operation, 25
enabling, 24-25
loop detection, 26-27
cell-mode MPLS over ATM, 4647
ATM LSR flowchart, 48
basic configuration steps
ATM LSR, 50-51
Edge ATM LSR, 49-50
control plane operation, 54-56
data forwarding operation, 56
device configuration, 57-58
Edge ATM LSR flowchart, 47
LSC (label switch controller), 6667
BPX+LSC as ATM LSR, 67-73
verification with BPX+LSC, 73-76
VC merge, 58
ATM LSR configuration, 59
ATM LSR verification steps, 61
configuration flowchart, 59
device configuration, 60
Edge ATM LSR configuration steps, 59
verification, 51-53
VP tunnels, 62
ATM PVP configuration flowchart, 63
configuration steps, 63—64
device configuration, 65-66
Edge ATM LSR configuration flowchart,
63
verification steps, 64—65
without VC merge, 61-62
Cisco website, 59
class-based tunnel selection (CBTS), case study, 649
configuration, 651
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final configuration, 653
implementation, 649
verification, 652
classification, QoS (quality of service), 570
DSCP, 570-573
IP precedence, 570-571
MPLS EXP bits, 573
ToS relationships, 570
cnfgbin command, 71
cnfrsrc command, 70
commands, 35, 671-673
AToM, 526-527
basic configuration, 7677
BGP PE-CE routing, 269
CSC, 373
EIGRP PE-CE routing protocol, 211
inter-provider VPNs, 343
L2TPv3, 446-447
mpls label protocol, 13
MPLS TE, 416-417
OSPF PE-CE routing protocol, 180
QoS, 605-607
RIP PE-CE routing, 138-139
static PE-CE routing, 120
VPLS configuration, 566-567
VPN configurations, 107-109
confederations, BGP PE-CE routing, 253-254
implementation flowchart, 254
PE routers, 256-259
verification, 259-260
configurations
AALS over MPLS operation, 462-463
BGP PE-CE routing
Hub and Spoke environment, 261-263
unique and same AS numbers, 219-222
CBTS (class-based tunnel selection), 651-653
cell-mode MPLS over ATM, 46-47
ATM LSR flowchart, 48
basic steps, 49-51
control plane operation, 54-56
data forwarding operation, 56
devices, 57-58
Edge ATM LSR flowchart, 47
LSC (label switch controller), 66-76
VC merge, 58-61
verification, 51-53
VP tunnels, 62-66
without VC merge, 61-62

CSC network deployment
carrier not running MPLS, 351-357
carrier providing MPLS VPN service,
367-370
carrier running MPLS, 360-363
dynamic Layer 3 VPNs, 647
EIGRP PE-CE routing protocol
networks using BGP cost community and
So0 attribute, 205-209
no BGP cost community or SoO attribute,
203-204
So0 attribute, 202
verification of BGP cost community and
So0 attribute, 209-211
with BGP cost community or SoO
attribute, 204
frame mode MPLS, 35-36, 4146
inter-provider VPNs
distribution, back-to-back VRF method,
276-287
non- VPN transit provider, 318-327
L2TPv3, 424-426, 437
Layer 2 VPNs over Inter-AS, 636
Layer 3 VPNs over Layer 2 VPN, 637-639, 642
MPLS TE, 393
dynamic and explicit paths, 397-400,
404-408
flowchart, 393-396
FRR (Fast ReRoute), 409-410
implementation of MPLS VPN over TE
tunnels, 411-416
unequal cost load balancing, 408—409
verification of tunnel creation, 400—404
multicast VPNs, 611
multi-hop MP-eBGP method, 302
ASBRs, 304-305
flowchart, 302-304
verification, 305-307
multi-VRF CE, 619-620, 630-632
next-hop-self method, 291
ASBRs configuration, 291-293
verification, 293-294
OSPF PE-CE routing, 154
differing customer process ID, 155-166
differing process ID, 166—-168
protocol, sham links, 172—-180
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PPP over MPLS, 490 CSC (carrier supporting carrier), 345
redistribute connected method, 297-298 architecture benefits, 372

control plane forwarding, 299 basics, 345-347

routers, 298-299 commands, 373

verification, 299 deployment, 348
RIPv1 PE-CE routing, 135-136 carrier not running MPLS, 348-358
RIPv2 PE-CE routing, 122-124 carrier providing MPLS VPN service,

CE routers, 124-125 365-371

PE routers, 125-128 carrier running MPLS, 359-365
static PE-CE routing, 113-114 customer edge routers, 84
VPNs, 95 customer networks, VPNS, 80-83

BGP PE-PE routing, 99-103 customer sites, VPNs, 79-82

CE routers, 95
forwarding on PE routers, 96-98

label verification, 104105 D
PEI1-AS1 router, 98-99
provider routers, 103—104 data forwarding
VREF verification on PE routers, 99 cell-mode MPLS configuration, 56
congestion CSC network deployment
avoidance, QoS queuing, 574 carrier not running MPLS, 350
management, QoS queuing, 573 carrier providing MPLS VPN service, 367
Conservative Label Retention Mode, 16 carrier running MPLS, 360
Constraint Based Routing, 379 inter-provider VPN distribution, 275, 316
constraint-based SPF, MPLS TE operation, 388-390 next-hop-self method, 289
control planes, 6 redistribute connected method, 295
AToM, 456-457 RIPv2 PE-CE routing, 132—133
cell-mode MPLS configuration, 54-56 Data MDTs, 610
CSC network deployment data planes, 6, 11
carrier not running MPLS, 350 AToM, 457
carrier providing MPLS VPN service, forwarding, frame mode MPLS, 39
366-367 LFIB, 11
carrier running MPLS, 359-360 operation in cell-mode MPLS, 25
forwarding, inter-provider VPN distribution, PPP over MPLS, 492
274 transporting VPNv4, multi-hop MP-eBGP
frame mode MPLS, 38-39 method, 301
inter-provider VPN distribution, 308, 316 VPN routing, 93-94
RIPv2 PE-CE routing, 129-132 dedicated PE peer-to-peer models, VPNs, 82
transporting VPNv4 dedicated routers, route-reflector deployment,
multi-hop MP-eBGP method, 301 229-230
next-hop-self method, 289 Default MDTs, 610
redistribute connected method, 295 Demultiplexer Field, 453
redistributed connected method, 299 deployment
VPN routing, 91-93 CSC, 348
control VCs, 23 carrier not running MPLS, 348-358
control words, AToM operation, 457-458 carrier providing MPLS VPN service,
count to infinity, EIGRP PE-CE routing protocol, 365-371

197-198 carrier running MPLS, 359-365
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route-reflectors
dedicated routers, 229-230
partitioning, 230-231
PE routers, 225-227
provider routers, 227-228
devices
cell-mode MPLS configuration, 57-58
over VP tunnels, 65-66
VC merge, 60
configuring RFC 2684 routed PVCs, 45-46
frame mode MPLS, 40—41
L2TPv3
dynamic tunnels, 435
static tunnel, 430
multi-VRF CE, 617-618
PPP over MPLS configuration, 490
static PE-CE routing
CE routers, 115
PE routers, 116118
provider routers, 115-116
Direct Attachment Architecture, VPLS, 535
dotlq tunnel mode and Layer 2 tunneling,
546-555
flowchart of configuration, 537-538
port and 802.1Q VLAN mode, 538-546
disabling TTL propagation, 20
discovery messages (LDP), 13, 35
distributed keywords, 35
domain-id command, 145

dot1q Tunnel Mode, Ethernet over MPLS, 484488

downstream, 8, 15

drop probability, DSCP, 570

dspcds command, 69

dsprsrc command, 70

dsptrks command, 69-71

Dynamic Layer 3 VPN, case study, 642-644, 647

dynamic paths, configuring with MPLS TE,

397-400, 404408

dynamic tunnels, L2TPv3 configuration, 431-432
devices, 435
operation verification, 432-435

E

Edge ATM LSR
basic configuration, 49-50

cell-mode MPLS
configuration, 59
over ATM, 73
flowchart, 47
EIGRP, hub and spoke topology, 659-661
EIGRP PE-CE routing protocol, 180181
BGP cost community feature, 199-200
command summary, 211
configuration
networks using BGP cost community and
So0 attribute, 205-209
no BGP cost community or SoO attribute,
203-204
verification of BGP cost community and
SoO attribute, 209-211
with BGP cost community or SoO
attribute, 204
flowchart of configuration, 184—-195
route propagation
AS same on PE routers, 182183
differing AS on PE routers, 183-184
routing loops, 195
count to infinity, 197-198
multi-homed sites, 195-196
re-injecting multi-homed sites, 197
So0 attribute, 200
backdoor link, 201-202
configuration, 202
multi-homed sites, 201
suboptimal routing, 198
E-LSRs (Edge-Label Switch Routers), 7
Emulated VC, 452
Emulated VC Encapsulation, 453
enabling cell-mode MPLS, 24-25
Ethernet
L2TPv3, 421
over MPLS, 469
dotlq Tunnel Mode, 484488
port mode, 469472
switch-based, 476-484
VLAN mode, 472-475
VLAN rewrite, 476
to VLAN interworking, 502-505
explicit paths, configuring with MPLS TE,
397-400, 404-408
EXPLICIT_ROUTE object, 384
explicit-null labels, 17
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Export Route Targets, VPN routing, 88
extended port command, 72
Extranet VPNs, 90

F

Fast ReRoute, 409
FEC (forwarding equivalence path), 6
filters, partitioning route-reflectors, 237
flowchart (configuration flowchart), MPLS TE,
393-396
frame mode MPLS
configuration, 35-36
control plane, 38-39
data plane forwarding, 39
devices, 4041
RFC 2684 routed PVCs, 41-43
configuration steps, 43
core ATM switches, 43—44
device configuration, 4546
verification steps, 44—45
verification, 36-38
frame relay, L2TPv3, 421
Frame Relay over MPLS, AToM, 496499
Frame Relay to AALS Interworking, 506-509
Frame Relay to PPP Interworking, 509-512
Frame Relay to VLAN Interworking, 512-514
frame-mode MPLS, 18-22
FRR (Fast ReRoute), 409-410

H

H-VPLS (hierarchical VPLS), 555-557
CE routers, 565
flowchart of configuration, 557
PE routers, 561-563
Q-in-Q mode, 558-559
service verification, 559-561
user PE routers, 563-565

HDLC mode, AToM, 492-495
headend routers (MPLS TE), 376, 380
hierarchical VPLS. See H-VPLS
HSRP support for MPLS VPN, 617
Hub and Spoke environments
BGP PE-CE routing
same AS numbers, 266-268
unique AS numbers, 260-266
EIGRP Topology, case study, 659-661
OSPF Topology, case study, 654—-656
router configuration, 656-657
verification, 656-658

iBGP (Internal BGP), 87
IGP
CSC label exchange, 346
metric, constraint-based SPF, 389
routing protocol configuration, 35
implementation, QoS, 575-576
implicit-null labels, 17
Import Route targets, VPN routing, 88
inbound filters, partitioning route-reflectors,
237-239
BGP communities, 242-247
verification, 241-242
interfaces, LC-ATM, 23
Internal BGP (iBGP), 87
inter-provider VPNs
basics, 271-273
case studies

multi-homed inter-AS provider network,

335-343

route-reflector and BGP confederation

implementation, 328-335
commands, 343
distribution options
back-to-back VRF method, 273-287

MP-eBGP for VPNv4 method, 287-307

multi-hop MP-eBGP between , route-
reflectors method, 307-309
non- VPN transit provider, 315-327
Intranet VPNs, 90
IP, TE implementation, 375
ip multicast-routing vrf command, 611
ip route-cache cef command, 35
IP to Label TTL propagation, 20
IPv4, enabling MPLS, 36
IS-IS extensions, MPLS TE operation, 391-393



682 L2 VPN Interworking

J-L

L2 VPN Interworking, 501-502
L2TP Class, 426
L2TPv2 (Layer 2 tunneling protocol version 2), 419
L2TPv3 (Layer 2 tunneling protocol version 3)
basics, 419
header format, 424
modes of operation, 421-422
prerequisites, 422
server card on GSR 12000 series router,
422-424
services, 419-421
commands, 446447
configuration, 424-426
dynamic tunnel configuration, 431-432
devices, 435
operation verification, 432-435
L3VPN implementation, 436437
configuration, 437
PE router configuration, 442-446
verification, 440—-441
QoS implementation, 604
static tunnel configuration, 426429
devices, 430
operation verification, 429-430
L3VPNs (layer 3 VPNs), 436
L2TPv3, 436437
configuration, 437
PE router configuration, 442446
verification, 440—-441
over Layer 2 VPN topology, 637
configuration, 637-639, 642
pseudo-wire redundancy, 640
verification, 640-641
label switch controller. See LSC
Label VCs (LVCs), 66
labels, 8-9
aggregate, 17
allocation process, 385
assignment, 13
bottom-of-stack indicator, 9
CSC, 346-347
distribution
downstream-on-demand, 15
penultimate hop popping, 17
unsolicited downstream, 15

explicit-null, 17
implicit-null, 17
imposition, 9
stack, 9
untagged, 17
VPN configuration, verification, 104—105
Layer 2 tunneling protocol version 3. See L2TPv3
Layer 2 VPNs
AToM, 449-450
any to any interworking, 499-517
commands, 526-527
like to like circuits, 459-499
local switching, 517-526
operation, 453-458
Pseudo Wire Reference Model, 450452
terminology, 452-453
VPLS, 450
VPWS, 450
over Inter-AS topologies, 633-634
configuration, 636
pseudo-wire switching, 634—635
verification, 634
QoS, 599
AToM, 599-602
L2TPv3, 604
VPLS, 602-603
Layer 3 VPNs,
L2TPv3, 436437
configuration, 437
PE router configuration, 442-446
verification, 440441
over Layer 2 VPN topology, 637
configuration, 637-639, 642
pseudo-wire redundancy, 640
verification, 640-641
layer2vpn pseudowire switching, 633
L-bit (RSVP path message), 384
LC-ATM interfaces, 23
LDP
label mapping, 454-456
message format, 27
router ID assignment, 35
session establishment, 13
LFIB (Label Forwarding Information Base), 11
LIB (Label Information Base), 11
Liberal Label Retention Mode, 16
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like to like circuits, AToM, 459
ATM over MPLS, 459-469
Ethernet over MPLS, 469-488
Frame Relay over MPLS, 496-499
HDLC mode, 492495
PPP mode, 488-492
link protection, FRR MPLS TE configuration,
409-410
LLC/SNAP encapsulation, 41
load balancing, unequal cost load balancing,
408-409
local switching, AToM, 517
ATM to ATM, 522-524
Ethernet to Ethernet, 521-522
Ethernet to Frame Relay, 524-526
flowchart of configuration, 518
frame relay to frame relay, 519-521
long pipe mode, QoS tunnel mode, 579-580
loops
detection, 2627
prevention, with frame-mode MPLS, 20-22
LSC (label switch controller), 22, 66
cell-mode MPLS implementation, 66—67
BPX+LSC as ATM LSR, 67-73
verification with BPX+LSC, 73-76
LSPs (Label Switched Paths), 4,7
LSRs (label switch routers), 6, 15
LVCs (Label VCs), 66

M

MAC Addressing Learning, VPLS, 531, 533
MAC Addressing Withdrawal, VPLS, 533-534
marking, QoS (quality of service), 570
DSCP, 570-573
IP precedence, 570-571
MPLS EXP bits, 573
ToS relationships, 570
maximum bandwidth (MPLS TE) versus available
bandwidth, 386-387
messages
implementation of RSVP for TE, 380
RSVP Error messages, 381-382
RSVP PATH message, 380, 383
RSVP RESERVATION messages,
381, 385
RSVP Tear messages, 382
LDP, 13,27

modular QoS CLI (MQC), 581-584
MP-BGP (Multiprotocol BGP), 86-90
MP-eBGP (Multiprotocol eBGP), 272
inter-provider VPN distribution method,
287-288
multi-hop MP-eBGP between ASBRs,
301-307
next-hop-self method, 288-294
redistribute connected method, 294-299
MP-iBGP neighbors, verification, 103
MPLS, VPN superbackbone, 144-145
mpls atm control-vc command, 51
mpls atm vpi command, 73
mpls atm vp-tunnel vpi ve-range command, 63
MPLS EXP bits, QoS (quality of service), 573
mpls label protocol command, 13, 35
mpls Idp atm vc-merge command, 60
mpls 1dp router-id command, 36
MPLS TE (MPLS Traffic Engineering), 375
commands, 416417
configuration, 393
dynamic and explicit paths, 397—400,
404-408
flowchart, 393-396
FRR (Fast ReRoute), 409-410
implementation of MPLS VPN over TE
tunnels, 411-416
unequal cost load balancing, 408—409
verification of tunnel creation, 400—-404
theory, 377
CBR (Constraint Based Routing),
385-386
constraint-based SPF, 388-390
implementation of RSVP, 380-382
IS-IS extensions, 391-393
maximum versus available bandwidth,
386-387
OSPF extension, 390-391
overview, 377-380
RSVP operation, 382-385
mpls traffic-eng backup-path tunnel tunnel100
command, 410
MQC (modular QoS CLI), 581-584
multicast VPNs, 609-610
configuration, 611
implementation, 613
operation, 610-611
verification, 615
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multi-homed inter-AS provider networks,
case studies, 335-343
multi-homed sites, EIGRP PE-CE routing protocol
routing loops, 195-197
So0 attribute, 201
multi-hop MP-eBGP method
inter-provider VPN distribution method,
307-309
transporting VPNv4, 301
configuring, 302-307
control plane forwarding, 301
data plane forwarding, 301
Multiprotocol BGP (MP-BGP), 86-90
Multiprotocol eBGP. See MP-eBGP
multiprotocol label switching traffic, engineering,
375
multi-VRF CE, 616-617
based on source IP address, 620—-623
configuration, 619-620, 630-632
device configuration, 617-618
HSRP integration, 624-625
multicast support, 627-628
NAT integration, 625-626
verification, 629

N

NAT Integration with MPLS VPNs feature, 617
neighbor as-override command, 266
neighbor ip-address activate command, 101
neighbor ip-address send-community both
command, 101
neighbor ip-address send-community extended
command, 101
network command, 114, 185
network PE (n-PE), 555-556
networks, VPNs, 80
next-hop-self method, transporting VPNv4, 288-289
configuration, 291-294
control plane forwarding, 289
data forwarding, 289
flowchart for configuration, 290
next-hop-self neighbor command, 101
no auto-summary command, 185
no ip vrf forwarding command, 98

non-VPN transit provider, inter-provider VPN
distribution method, 315-316
configuration, 318-327
control plane forwarding, 316
data forwarding, 316
flowchart of configuration, 318
notification messages (LDP), 13
n-PE (network PE), 555-556

o)

OAM (Operations, Administration, and
Maintenance), 468—-469
objects, RSVP operation in MPLS TE, 382-383
Opaque LSAs, MPLS TE operation, 390-391
Open Shortest Path First PE-CE routing protocol,
141
Operations, Administration, and Maintenance
(OAM), 468469
Organizational Unique Identifier (OUI), 540
OSPF extension, MPLS TE operation, 390-391
OSPF PE-CE routing protocol (Open Shortest Path
First PE-CE routing protocol), 141-142
command summary, 180
configuration, 154
differing customer process ID, 155-166
differing process ID, 166-168
MPLS VPN superbackbone, 144—145
route propagation
domain ID different on PE routers,
148-149
domain ID same on PE routers, 147-148
impact of domain ID configuration,
149-150
routing loops, 150-151
down bit, 151-152
route tag, 152—154
sham links, 168-171
configuration, 172-180
flowchart of configuration, 171
traditional model, 142-143
OUI (Organizational Unique Identifier), 540
outbound filters, partitioning route-reflectors, 237
outbound route files, VPNs, 105-106
outgoing labels, 17
overlay models, VPNs, 80
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P

Packet Switched Network (PSN), 452, 530
partitioned route-reflectors, 230-231, 236-247
path vector TLVs, cell-mode MPLS loop detection,
27
PDUs (Protocol Data Units), 453
PE routers (provider edge routers), 84
AALS over MPLS operation, 461
back-to-back VRF method, 278-285
BGP PE-CE routing
confederations, 256-259
partitioning route-reflectors, 243-247
RR configuration, 232-233
EIGRP PE-CE routing protocol,
182-184, 187-190
L2TPv3, L3VPN configuration, 442446
OSPF PE-CE routing protocol,
157-162, 173-180
RIPv2 PE-CE routing configuration, 125-128
route-reflector deployment, 225-227
static PE-CE routing, 116-118
VPLS
Direct Attachment Architecture, 543-545,
551-555
H-VPLS, 561-565
VPN configuration, 84, 95
BGP PE-PE routing, 99-103
forwarding, 96-98
VREF verification, 99
VRFs (virtual routing and forwarding tables),
85-86
PE to P tunnels, verification of MPLS TE over TE,
415-416
PE to PE tunnels, verification of MPLS TE over TE,
414-415
PE1-ASI1 routers
BGP PE-PE routing, 102-103
VPN configuration, 98-99
PE2-ASi routers, BGP PE-PE routing, 102-103
PE-CE routing protocol
commands, 138-139
EIGRP PE-CE, 180-181
BGP cost community feature, 199-200
command summary, 211
configuration, 203-211
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back-to-back VRF method, 278-285 tunnel modes, 576
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route-reflector deployment, 227-228 Quality of Service. See QoS
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data forwarding, 295
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AToM, 599-602 PE routers, 125-128
L2TPv3, 604 control plane forwarding operation, 129-132
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route-reflectors
BGP PE-CE routing, 225
confederations, 253-260
deployment methods, 225-231
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distribution, 307-309
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redistributed connected method, 298-299
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OSPF PE-CE routing protocol, 141-180
PE-CE routing protocol, 111-139
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Route Targets, 8690
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commands, 269
Hub and Spoke environment, 260-268
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QoS tunnel mode, 579
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show controllers vsi status command, 72
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show mpls traffic-eng fast-reroute database detail
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RSVP Tear messages, 382
Site of Origin (So00), 89, 670
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backdoor link, 201-202
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backdoor link, 201-202
configuration, 202
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static PE-CE routing, 111-112
command reference, 120
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static tunnels, L2TPv3 configuration, 426429
devices, 430
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suboptimal routing, EIGRP PE-CE routing protocol,
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Sub-TLV 10, 393
switches, local, AToM, 517-526

-

tailend routers, 380
TE (traffic engineering), 375
basics, 375-377
implementation with ATM, 376
implementation with IP, 375
MPLS TE, 375
commands, 416-417
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verification following MPLS TE configuration,
400404
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pipe mode, 578
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uniform mode, 577-578
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Tunnel2, 378
tunneling, L2TPv3
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dynamic tunnel configuration, 431-435
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tunnels (TE), verification following MPLS TE
configuration, 400—404

U
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uniform mode
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update-source command, 100
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upstream, 8
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VC-FEC (Virtual-circuit FEC), 454
VC-merge, 29-31
VCs (virtual circuits), 46
cell-mode MPLS with merge, 58
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ATM LSR verification steps, 61
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Edge ATM LSR configuration steps, 59
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inbound filters, 241-242
partitioning route-reflectors, 247
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virtual switch interface (VSI), 66, 531
Virtual-circuit FEC (VC-FEC), 454
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rewrite, Ethernet over MPLS, 476
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PE1-ASI1 router, 98-99
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