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ABR (Area Border Router), 206, 216

access, dedicated networks, 23

access layer, three-layer hierarchical design

model, 6
access lists, scalable networks, 20
accessibility, scalable networks, 16, 23
acknowledgment packets, EIGRP, 141
ACLs (Access Control Lists), 20
AD (advertised distance), 139

adaptability of scalable networks, 15, 22

addresses

IP, 33
CIDR, 42-43
Class A, 36
Class B, 37
Class C, 38
Class D, 38
discontiguous subnets, 54-55
management, 33
private, 54
route aggregation, 43—45
structure, 34
subnetting, 39-41
supernetting, 43-46
troubleshooting, 41

IPv4, 34
architecture, 34-35
classes, 35-39
subnet masks, 39—41

IS-IS, 256-263

ISO, 260

Layer 2 multicast, 279

loopback, 188

MAC, 260

next-hop, 109

NSAPs, 256, 258
adjacencies

IS-1S, 279

OSPF

databases, 171
establishing, 179

administrative distance, 84, 338-341
advertised distance (AD), 139
advertisements

loopback addresses, 189

LSAs, 88

supernets, 397
AFI (Authority and Format Identifier), 256-258
aggregate-address command, 397
aggregation, 43-45, 112
Aggregator attribute, 398
algorithms

Bellman-Ford, 85. See also distance vector
routing protocols

Dijkstra’s, 87. See also link-state routing
protocols

DUAL, 132
SPF, 169, 291
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allocation
AFIL, 258
IP addresses, 42
supernetting, 45-46
alternative paths, scalable networks, 17
AppleTalk routing protocols, 82
architecture
IPv4 addressing, 34-35
IS-1S, 250-255
Area Border Router (ABR), 206, 216
area stub command, 224
areas
backbone router requirements, 229
OSPF, 169
adding, 354
configuring, 186-188
multiarea operation, 203-220
types of, 208
AS (autonomous system), 17, 334, 383
AS_Path attribute 394

ASBR (Autonomous System Boundary Router),
206, 217

assignments, IS-IS, 261
Atomic Aggregate attribute, 397
attributes
Aggregator, 398
AS_Path, 394
Atomic Attribute, 397
BGP, 390-404
Local Preference, 398
MED, 401
Next Hop, 391
Origin, 404
paths, 374-375
scalable internetwork design, 15-24
Weight, 401

authentication

OSPF, 191

RIPv2, 106, 109, 114-121
Authority and Format Identifier (AFI), 256
auto-cost reference-bandwidth command, 190
automatic route summarization, 120
autonomous system (AS), 17, 334, 383

Autonomous System Boundary Router (ASBR),
206, 217

autonomous systems (BGP), 361-363
multihomed nontransit, 364
multihomed transit, 365
single-homed, 363-364
usage selection, 366-367

autosummarization, EIGRP, 157

availability of scalable networks, 15-17

backbone routers
area requirements, 229
connections, 281
IS-IS, 278
OSPF, 206, 254
backup, dial, 18
backup designated router (BDR), 170, 176, 180
bandwidth
command, 153
EIGRP, 132
OSPF, 167
bandwidth-percent command, 154, 155
BDR (backup designated router), 170, 176 180

Bellman-Ford algorithm, 85. See also distance
vector routing protocols
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BGP (Border Gateway Protocol), 361

attributes, 390-404
autonomous systems, 361-363
multihomed nontransit, 364
multihomed transit, 365
single-homed, 363-364
usage selection, 366-367
commands

bgp always-compare-med router command,
402

bgp default local-preference command, 399
configuring, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
peering, 381-383
decision process, 404
default routing, 415-417
EBGP multihop, 379-380
filtering, 405-412
FSM, 371
load balancing, 412-414, 417
multihomed connections, 418-420
operation, 367
messages, 369-371
monitoring, 384-386
neighbors, 368-369, 371-373
NLRI, 373
path attributes, 374-375
routing updates, 367
OSPF case study, 466467
redistribution, 421-425
redundancy, 412-414
routing, 386-388
controlling, 390
policies, 388-390
routing policies, 405-412

sessions, 377-379
symmetry, 412-414, 417
bidirectional communication, 172
Border Gateway Protocol (BGP)
attributes, 390-404
autonomous systems, 361-363
multibomed nontransit, 364
multihomed transit, 365
single-homed, 363-364
usage selection, 366-367
configuring, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
peering, 381-383
decision process, 404
default routing, 415-417
EBGP multihop, 379-380
filtering, 405-412
FSM, 371
load balancing, 412-414, 417
multihomed connections, 418-420
operation, 367
messages, 369-371
monitoring, 384-386
neighbors, 368-369, 371-373
NLRI, 373
path attributes, 374-375
routing updates, 367
OSPF case study, 466467
redistribution, 421-425
redundancy, 412-414
routing, 386-388
controlling, 390
policies, 388-390
routing policies, 405-412
sessions, 377-379
symmetry, 412-414, 417
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bounded updates, EIGRP, 132
broadcasts, helper addresses, 64-67
building IP forwarding tables, 301

C

calculation of routes, 96-99
case studies
BGP/OSPF routing, 466-467
EIGRP, 463-464
OSPF, 464-466

routing information, 184-185
states, 171-174
stubby areas, 221-224
virtual links, 229-233
Class A IP addresses, 36
Class B IP addresses, 37
Class C IP addresses, 38
Class D IP addresses, 38
Class E IP addresses, 38
classes, IPv4 addressing, 35-39
classful routing protocols, VSLM, 49-50

Catalyst 2950 Series access layer switches, 15 classless interdomain routing (CIDR)

Catalyst 3550 Series core layer switches, 12 IP addresses, 42-43

Catalyst 4500 Series core layer switches, 12 link-state routing protocols, 88

Catalyst 6500 Series core layer switches, 12 classless route lookups, 112

CIDR (classless interdomain routing)
IP addresses, 42-43
link-state routing protocols, 88

Cisco 4000 Series Distribution Layer Router, 8

Cisco routers. See also routers

helper addresses, 64—67

ISO addressing, 260

NETs, 258

OSPF, 166-171
adjacencies, 179
BDR/DR election, 180-182
commands, 188—194
configuring, 186-188
Hello protocol, 176-179
multiarea operation, 203-220
NBMA, 194-203
network types, 174-176
NSSA, 225-229
operation, 179
route discovery, 182-183
route selection, 183

classless routing, 113
contiguous subnets, 120
VSLM, 49-50

clear commands, OSPF, 193

clearing BGP tables, 380-381

CLNP (Connectionless Network Protocol), 249
CLNS (Connectionless Network Service), 247

code values, IS-IS PDUs, 266
commands
aggregate-address, 397
area stub, 224
auto-cost reference-bandwidth, 190
bandwidth, 153
bandwidth-percent, 154, 155

bgp

bgp always-compare-med router, 402

bgp default local-preference, 399
clear, 193
debug

EIGRP, 158

isis adj-packet, 316
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OSPF, 193
RIP, 121
default
default-information originate, 91
default-metric, 342, 349
DHCP servers, 62
distance, 340
distance, 95 OSPF configuration, 340
distribute-list, 331-333, 407
ebgp-multihop 2, 382
frame relay
frame-relay interface-dlci, 317
frame-relay map ip, 202
ip, 80
ip bandwidth-percent eigrp, 155
ip classless, 93
ip classless global, 112
ip default-network, 91, 92
ip belper-address, 64, 65
ip ospf cost, 190
ip ospf message-digest-key, 191
ip ospf priority, 189
ip prefix-list, 410, 411
ip rip receive version, 118
ip rip send version, 118
ip route, 80, 334
ip subnet-zero, 47, 113
ip summary-address eigrp, 157
ip unnumbered e0, 57
isis priority, 248, 316
1s-type, 277
maximum-paths, 417
neighbor, 197
network, 81, 376
network 0.0.0.0, 91
network 10.0.0.0, 327
network area, 187, 188

no hello padding, 270
no-auto-summary, 120
OSPF, 188-194
passive-interface, 111, 328
redistribute
redistribute rip, 343
redistribute rip subnets, 217
redistribute static, 329
route-map, 334, 388
service dhcp, 61
show
EIGRP, 158
OSPF, 193
RIP, 121
show clns neighbor, 319
show clns routes, 299
show clns traffic, 311
show frame-relay map, 315
show ip bgp neighbor, 382
show ip bgp neighbors, 386
show ip ospf interface, 189
show ip route, 77, 131
show ip routes, 301
show isis database, 310
show isis routes, 299
show isis topology, 297
timers spf, 184
which-route, 299
compatibility
EIGRP/IGRP, 130
RIPv2, 111, 118

Complete Sequence Number PDU (CSNP), 265

components, EIGRP, 140-148
compression, WAN, 21
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ABR, 216
ASBR, 217
authentication (OSPF), 191
BGP, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
EBGP multihop, 379-380
EBGP/IBGP sessions, 377-379
peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
dynamic routing, 82-85
EIGRP, 89, 151-158
components, 140-148
design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151
IGRP, 131
inbound route filters, 332
integrated IS-IS, 302-312
P
forwarding tables, 301
helper addresses, 65
unnumbered interfaces, 57
link-state routing protocols, 87-89
loopback addresses, 188
MED, 403
one-way route redistribution, 342-346
OSPF, 186-188
commands, 188—194
IS-1S, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229

stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198
supernet advertisements, 397
timers, 192
two-way route redistribution, 346-348
connected routes, redistributing, 348-350
Connectionless Network Protocol (CLNP), 249
Connectionless Network Service (CLNS), 247
connections
backbones, 281
multihomed (BGP), 418-420
continuity inside AS, BGP, 383-384
controlling
BGP routing, 390
routing updates, 327-328
convergence, 95-96, 167
EIGRP, 132, 148, 149
IS-1S, 247
core layer, three-layer hierarchical design model,
5-6
cost of OSPF, 170
CSNP (Complete Sequence NUmber PDU), 265
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data flow, IS-IS, 283
databases, OSPF, 169
DDR (dial-on-demand routing), 21
debug commands. See also troubleshooting
EIGRP, 158
isis adj-packet command, 316
OSPF, 193
RIPv2, 121-124
decision processes, BGP, 404
DECnet Phase V, 252
dedicated access, scalable networks, 23
default metrics, IS-IS, 289
default routing, 89-94, 415-417
default-information originate command, 91
default-metric command, 342, 349
delivery, RTP, 135
design
ABR, 216
ASBR, 217
authentication (OSPF), 191
BGP, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
EBGP multihop, 379-380
EBGP/IBGP sessions, 377-379
peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
dynamic routing, 82-85
EIGRP, 89, 151-158
components, 140-148
design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151

IGRP, 131
inbound route filters, 332
integrated IS-IS, 302-312
1P
forwarding tables, 301
helper addresses, 65
unnumbered interfaces, 57
link-state routing protocols, 87-89
loopback addresses, 188
MED, 403
one-way route redistribution, 342-346
OSPF, 186-188
commands, 188—194
IS-IS, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198
supernet advertisements, 397
timers, 192
two-way route redistribution, 346-348
designated intermediate system (DIS), 248
designated router (DR), 170, 176, 180
detection of mismatched interfaces, 319
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DHCP (Dynamic Handshake Challenge Protocol),
58-64

DHCPACK unicast, 60

DHCPOFFER unicast, 60

DHCPREQUEST broadcast, 60

dial backup, 18

dial up access, scalable networks, 23

dialer map statements, 312

dial-on-demand routing (DDR), 21

Diffusing Update Algorithm (DUAL), 132

Dijkstra’s algorithm, 87. See also link-state routing
protocols

DIS (designated intermediate system), 248
discontiguous subnets, 54-55, 120
discovery
distance vector networks, 86
EIGRP, 134
routes, 173, 182-183
distance commands
distance, 95 OSPF configuration command, 340
distance command, 340
distance vector paths, OSPF, 166
distance vector routing protocols, 85-86
distribute-list command, 331-333, 407

distribution layer, three-layer hierarchical design
model, 6

Domain-Specific Part (DSP), 256
dotted-decimal notation, 44

Down state, OSPF, 172

DR (designated router), 170, 176, 180
DSP (Domain-Specific Part), 256

DUAL (Diffusing Update Algorithm), 132
DUAL finite-state machine (FSM), 135
dual IS-IS, 252. See also 1S-IS

dynamic routing, 82-85. See also routing

E
Easy IP, 58-64
EBGP (Enhanced BGP)
configuring, 377-379
multihop, 379-380
ebgp-multihop 2 command, 382
efficiency
bandwidth (EIGRP), 132
scalable networks, 15, 20
EGPs (Exterior Gateway Protocols), 82, 334

EIGRP (Enhanced Interior Gateway Routing
Protocol), 89, 129-132

case study, 463-464
components, 140-148
configuring, 151-158
convergence, 148
debug commands, 158
design, 132-133
features, 133-139
IGRP compatibility, 130
monitoring, 158-159
operation, 148-151
packets, 140
passive interfaces, 333
route tagging, 147
show commands, 158
summarization, 156
tables, 142, 144
End System Hello (ESH) packets, 251
End System-to-Intermediate System (ES-IS), 250
Enhanced BGP (EBGP)
configuring, 377-379
mulithop, 379-380

Enhanced Interior Gateway Routing Protocol. See
EIGRP
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ESH (End System Hello) packets, 251

ES-IS (End System-to-Intermediate System), 250
event-driven updates, 98

Exchange state, OSPF, 174

ExStart state, OSPF, 173

extended metrics, IS-IS, 290

Exterior Gateway Protocols (EGPs), 82, 334

external route summarization, 218

F

FD (feasible distance), 139
features
EIGRP, 133-139
RIPv2, 109
fields
OSPF packet headers, 177
TLVs, 262
filtering
BGP, 405-412
routing updates, 331-333
finite-state machine (FSM), 371
flapping routes, 52
floating static routes, 94-95
flooding
LSPs, 284
LSUs, 213, 215
formatting
ABR, 216
ASBR, 217
authentication (OSPF), 191
BGP, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
EBGP multihop, 379-380

EBGP/IBGP sessions, 377-379
peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
dynamic routing, 82-85
EIGRP, 89, 151-158
components, 140-148
design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151
IGRP, 131
inbound route filters, 332
integrated IS-IS, 302-312
1P
forwarding tables, 301
helper addresses, 65
unnumbered interfaces, 57
IPv6 addresses, 69
link-state routing protocols, 87-89
loopback addresses, 188
LSPs, 270
MED, 403
messages, 109
one-way route redistribution, 342-346
OSPF, 186-188
commands, 188—-194
IS-IS, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
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RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198
supernet advertisements, 397
timers, 192
two-way route redistribution, 346-348
forwarding helper addresses, 64-67
forwarding tables, 301
Frame Relay
commands
frame-relay interface-dlci command, 317
frame-relay map ip command, 202
full-mesh, 197
integrated IS-IS, 313-321
partial-mesh, 198
FSM (finite-state machine), 371
full adjacency, 174
full-mesh Frame Relay, OSPF, 197

G

gateways
BGP, 361

attributes, 390404
autonomous systems, 361-367
configuring, 375-384
decision process, 404
default routing, 415-417
EBGP multibop, 379-380

filtering, 405-412
ESM, 371
load balancing, 412-414, 417
monitoring, 384-386
multibomed connections, 418-420
operation, 367-375
OSPF case study, 466467
redistribution, 421-425
redundancy, 412-414
routing, 386-390
routing policies, 405-412
sessions, 377-379
symmetry, 412-414, 417
default routing, 89-94
EIGRP, 129-132

components, 140-148
configuring, 151-158
design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151

GOSIP (Government OSI Profile), 258

groups, OSPF, 167

guidelines for route redistribution, 341-342

H

headers, packets, 177

Hello messages, IS-1S, 267

hello packets, EIGRP, 140

Hello PDUs, 256

Hello protocol, OSPF, 176-179

helper addresses, IPv4, 64-67

hierarchical design models, 7-14
access layer, 14

core layer, 10-12
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distribution layer, 13-14
routers, 7-9
three-layer, 4
hierarchies, routing OSPF, 204
high level views, IS-IS operations, 264
HODSP (High-Order Domain-Specific Part), 257
hub-and-spoke topology, OSPF, 199
hybrid routing protocols, EIGRP, 89

TANA (Internet Assigned Numbers Authority), 362
IBGP (Internal BGP), 366, 377-379
IDI (initial domain identifier), 256
IDP (Interdomain Part), 256
IDRP (Interdomain Routing Protocol), 293
IETF (Internet Engineering Task Force), 252
IGPs (Interior Gateway Protocols), 82
IGRP (Interior Gateway Routing Protocol), 129
default routing, 91
EIGRP, 130
implementation
ABR, 216
ASBR, 217
authentication (OSPF), 191
BGP, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
EBGP multihop, 379-380
EBGP/IBGP sessions, 377-379
peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
dynamic routing, 82-85
EIGRP, 89, 151-158
components, 140-148

design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151
IGRP, 131
inbound route filters, 332
integrated IS-IS, 302-312
1P
forwarding tables, 301
helper addresses, 65
unnumbered interfaces, 57
link-state routing protocols, 87-89
loopback addresses, 188
MED, 403
one-way route redistribution, 342-346
OSPF, 186-188
commands, 188—-194
IS-IS, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
routing policies, 407
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198

supernet advertisements, 397
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timers, 192
two-way route redistribution, 346-348
inbound filtering, BGP, 406
inbound route filters, configuring, 332
incremental updates, scalable networks, 22
Init state, OSPF, 172
initial domain identifier (IDI), 256
initiation of routing updates, 98
injecting routes, 422
input policy engines, 387
Integrated IS-IS, 253. See also IS-1S
configuring, 302-312
Frame Relay, 313-321
IP routing with, 292-301
WANSs, 312-313
interarea route summarization, 218
Interdomain Part (IDP), 256
Interdomain Routing Protocol (IDRP), 293
interfaces
detecting, 319
IP unnumbered, 57
IS-IS, 261
multipoint, 316
passive, 328-330
summarization, 157
Interior Gateway Protocols (IGPs), 82
Interior Gateway Routing Protocol (IGRP), 129
default routing, 91
EIGRP, 130
Intermediate System Hello (ISH) packets, 251

Intermediate System-to-Intermediate System (IS-IS),
247

addressing, 256-263
adjacencies, 279
architecture, 250-255
assigning, 261

configuring, 302-312
data flow, 283
ES-IS. See also ES-IS, 251
Frame Relay, 313-321
Hello messages, 267
IP routing with integrated, 292
LSP formats, 270
metrics, 289
networks, 290
operations, 263
OSI protocols, 248-250
overview of, 247-248
PDUs, 266
routing levels, 275
WANSs, 312-313
Internal BGP (IBGP), 366, 377-379
internal routers, OSPF, 206

International Telecommunication Union

Telecommunication Standardization Sector
(ITU-T), 248

Internet Assigned Numbers Authority (IANA), 362
Internet Engineering Task Force (IETF), 252
Internet Protocol. See IP
Internetwork Packet Exchange (IPX), 82
internetworks
autonomous systems, 361-363
multihomed nontransit, 364
multibomed transit, 365
single-homed, 363-364
usage selection, 366-367
floating static routing, 94-95
scalable
attributes, 15-24
hierarchical design models, 3—-15
overview of, 3

static routing, 79-82



IS-IS (Intermediate System-to-Intermediate System) 473

IOS DHCP servers, configuring, 61

IP (Internet Protocol) routing with integrated IS-IS, 292-301
addresses routing protocols, 83
CIDR, 42-43 IPv4 (Internet Protocol version, 4)
Class A, 36 addressing, 34
Class B, 37 architecture, 34-35
Class C, 38 classes, 35-39
Class D, 38 subnet masks, 39-41
discontiguous subnets, 54-55 DHCP, 58-64
management, 33 discontiguous subnets, 54-55
private, 54 Easy IP, 58-64
route aggregation, 43—45 helper addresses, 64-67
structure, 34 NAT, 55-56
subnetting, 39-41 route summarization, 51
supernetting, 43-46 VSLM, 46
troubleshooting, 41 routing protocols, 49-50
unnumbered, 56-58commands subnet masks, 46-49
commands IPv6 (Internet Protocol version 6), 68-71
ip bandwidth-percent eigrp command, 155 IPX (Internetwork Packet Exchange), 82
ip classless command, 93 ISH (Intermediate System Hello) packets, 251
ip classless global command, 112 IS-IS (Intermediate System-to-Intermediate System),
ip default-network command, 91, 92 247
ip belper-address command, 64, 65 addressing, 256-263
ip ospf cost command, 190 adjacencies, 279
ip ospf message-digest-key command, 191 architecture, 250-255
ip ospf priority command, 189 assigning, 261
ip prefix-list command, 410, 411 configuring, 302-312
ip rip receive version command, 118 data flow, 283
ip rip send version command, 118 ES-IS, 251
ip route command, 80, 334 Frame Relay, 313-321
ip subnet-zero command, 47, 113 Hello messages, 267
ip summary-address eigrp command, 157 IP routing with integrated, 292
ip unnumbered e0 command, 57 LSP formats, 270
EIGRP, 151 metrics, 289
forwarding tables, 301 networks, 290

operations, 263



474 IS-IS (Intermediate System-to-Intermediate System)

OSI protocols, 248-250

overview of, 247-248 link-state advertisements (LSAs), 88
PDUs, 266 opaque, 215
routing levels, 275 OSPF, 207, 255
WANSs, 312-313 link-state PDUs (LSPs), 254
isis priority command, 248, 316 flooding, 284
is-type command, 277 IS-IS, 270
ITU-T (International Telecommunication Union link-state routing protocols, 87-89, 165
Telecommunication Standardization Sector), 248 adjacencies, 179

BDR/DR election, 180-182
commands, 188—194

K configuring, 186-188

keywords Hello protocol, 176-179
mask, 376 multiarea operation, 203-220
no-summary, 222 NBMA, 194-203
summary-only, 397 network types, 174-176

NSSA, 225-229
operation, 179

L overview of, 166-171

L2 SPF tree calculations, 293 route discovery, 182-183
Layer 2 multicast addresses, IS-IS, 279 route selection, 183

layers routing information, 184-185

states, 171-174
stubby areas, 221-224
virtual links, 229-233

lists, access, 20

access
hierarchical design models, 14
three-layer hierarchical design model, 6

core
load balancing

BGP, 412-414, 417
scalable networks, 18

Loading state, OSPF, 174

Local Preference attribute, 398

hierarchical design models, 10-12

three-layer hierarchical design model, 5, 6
distribution

hierarchical design models, 13-14

three-layer hierarchical design model, 6

NLRI, 373 lookups, classless route, 112
Level 2 routing, 248 loopback addresses
levels, routing (IS-IS), 275 configuring, 188
limitations of RIPv2, 117 IP addresses (IS-IS), 260

links, 168, 229-233
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routing, 99
loops (EIGRP), 129-132 mismatched interfaces, detecting, 319
components, 140-148 mixing nonroutable/routable protocols, 22
configuring, 151-158 models, BGP routing process, 387. See also BGP
design, 132-133 modification
features, 133-139 ABR, 216
monitoring, 158-159 ASBR, 217
operation, 148-151 authentication (OSPF), 191
LSAs (link-state advertisements), 88 BGP, 375-376
opaque, 215 clearing tables, 380-381
OSPF, 207, 255 continuity inside AS, 383-384
LSPs (link-state PDUs), 254 EBGP multihop, 379-380
flooding, 284 EBGP/IBGP sessions, 377-379
IS-1S, 270 peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
M dynamic routing, 82-85
MAC (Media Access Control) addresses, 260 EIGRP, 89, 151-158
management of IP addresses, 33 components, 140-148
mask keyword, 376 design, 132-133
maximum transmission unit (MTU), 343 features, 133139
maximum-paths command, 417 monitoring, 158-159
MED (Multiple Exit Discriminator) attribute, 401 operation, 148151
Media Access Control (MAC) addresses, 260 IGRP, 131
members, OSPF, 167 inbound route filters, 332
memory integrated IS-IS, 302-312
floating static routing, 94-95 Ip
static routing, 79-82 forwarding tables, 301
messages helper addresses, 65
BGP, 369-371 unnumbered interfaces, 57
Hello, 267 link-state routing protocols, 87-89
RIPv2 loopback addresses, 188
formatting, 110 MED, 403
multicasting, 109 one-way route redistribution, 342-346
metrics OSPF, 186-188

IS-IS, 289 commands, 188—194
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IS-1S, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
routers, 189
routing policies, 407
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198
supernet advertisements, 397
timers, 192
two-way route redistribution, 346-348
modules, PDMs, 139
monitoring BGP, 384-386
MTU (maximum transmission unit), 343
multiarea integrated IS-IS configuration, 305
multiarea OSPF operation, 203-220
multicast updates, RIPv2, 106
multicasting
Layer 2 addresses, 279
RIPv2, 109
multihomed connections, BGP, 418-420
multihomed nontransit autonomous systems, 364
multihomed transit autonomous systems, 365
multihop, EBGP, 379-380

Multiple Exit Discriminator (MED) attribute, 401
multiple routes, calculating, 97

multipoint interfaces, Frame Relay, 316

NAT (Network Address Translation)
IPv4, 55-56
private addressing, 54
negotiation, 371-373
neighbors
BGP, 368-369, 371-373
command, 197
EIGRP, 134, 142
LSAs, 88
OSPF, 194
RTP, 135
NET (network entity title), 250, 258
network commands
network 0.0.0.0 command, 91
network 10.0.0.0 command, 327
network area command, 187, 188
network command, 81, 376
network entity title (NET), 250, 258

Network Layer Reachability Information (NLRI),
373

network service access point (NSAP), 250
networks
autonomous systems, 361-363
multibomed nonstransit, 364
multibomed transit, 365
single-homed, 363-364
usage selection, 366-367
commands. See network commands

configuring. See configuration
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helper addresses, 64-67
P, 151
IS-IS, 290
non-IP protocols, 83
OSPF
adjacencies, 179
BDR/DR election, 180-182
commands, 188—194
configuring, 186-188
Hello protocol, 176-179
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
operation, 179
overview of, 166-171
route discovery, 182-183
route selection, 183
routing information, 184-185
states, 171-174
stubby areas, 221-224
types, 174-176
virtual links, 229-233
point-to-multipoint, 200
protocols
distance vector routing protocols, 85-86
EIGRP, 89
link-state routing protocols, 87-89
RIP route redistribution, 351-355
routing
default, 89-94
dynamic, 82-85
floating static, 94-95
static, 79-82
scalable internetworks
attributes of, 15-24

hierarchical design models, 3-15

overview of, 3
WANss
compression, 21
integrated IS-1S, 312-313
passive interfaces, 329
private addresses, 53
new features, RIPv2, 109
Next Hop attribute, 391
next-hop addresses, RIPv2, 109

NLRI (Network Layer Reachability Information),
373

no auto-summary command, 120

no hello padding command, 270

non-IP network protocols, 83

nonroutable protocols, mixing, 22
no-summary keyword, 222

notation, dotted decimals, 44

not-so-stubby areas, OSPF, 221-224

NSAP (network service access point), 250, 258
NSAP selector (N-selector), 257

o

one-way route redistribution, configuring, 342-346
opaque LSAs, 215
Open Shortest Path First. See OSPF
Open System Interconnection (OSI), 247-250
operations
BGP, 367
messages, 369-371
monitoring, 384-386
neighbors, 368-373
NLRI, 373
path attributes, 374-375
routing updates, 367
DHCP, 60
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EIGRP, 148-151
IS-1S, 263
OSPF, 179
RIPv2, 106-107
optimization
ABR, 216
ASBR, 217
authentication (OSPF), 191
BGP, 375-376
clearing tables, 380-381
continuity inside AS, 383-384
EBGP multihop, 379-380
EBGP/IBGP sessions, 377-379
peering, 381-383
DHCP, 61
distance vector routing protocols, 85-86
dynamic routing, 82-85
EIGRP, 89, 151-158
components, 140-148
design, 132-133
features, 133-139
monitoring, 158-159
operation, 148-151
IGRP, 131
inbound route filters, 332
integrated IS-IS, 302-312
P
forwarding tables, 301
helper addresses, 65
unnumbered interfaces, 57
link-state routing protocols, 87-89
loopback addresses, 188
MED, 403
one-way route redistribution, 342-346
OSPF, 186-188
commands, 188—194

IS-1S, 254
multiarea operation, 203-220
NBMA, 194-203
NSSA, 225-229
stubby areas, 221-224
virtual links, 229-233
outbound route filters, 331-333
passive EIGRP interfaces, 333
passive interfaces, 328-330
RIP route redistribution, 351-355
RIPv2, 118-121
route summarization, 218
routing policies, 407
scalable internetworks, 3
attributes, 15-24
hierarchical, 3-15
static routing, 79, 81, 90
subinterfaces, 198
supernet advertisements, 397
timers, 192
two-way route redistribution, 346-348

Origin attribute, 404
OSI (Open System Interconnection), 247-250
OSPF (Open Shortest Path First), 165

adjacencies, 179

areas, 354

authentication, 191
BDR/DR election, 180-182
BGP case study, 466-467
case study, 464-466

clear commands, 193
commands, 188-194
configuring, 186-188
debug commands, 193
full-mesh Frame Relay, 197
Hello protocol, 176-179
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hub-and-spoke topology, 199

IS-1S, 254

LSAs, 207, 255

multiarea operation, 203-220

NBMA, 194-203

network types, 174-176

NSSA, 225-229

operation, 179

overview of, 166-171

packet headers, 177

partial-mesh Frame Relay, 198

point-to-multipoint, 200

RIP, 351

route discovery, 182-183

route selection, 183

routers types of, 206

routing

hierarchies, 204
information, 184-185

show commands, 193

states, 171-174

stubby areas, 221-224

timers, 192

updates, 186

virtual links, 229-233
outbound filtering, BGP, 406
outbound route filters, configuring, 331-333
output policy engines, 388

P

packets
EIGRP, 140
ESH, 251
ISH, 251
OSPF, 172,177

routing, 77-79

RTP, 135

scalable networks, 23
Partial Sequence Number PDU (PSNP), 265
partial updates, EIGRP, 132
partial-mesh Frame Relay, OSPF, 198
passive EIGRP interfaces, configuring, 333
passive interfaces, configuring, 328-330
passive-interface command, 111, 328
passwords, IS-IS, 304
paths

attributes, 374-375

OSPF, 166

scalable networks, 17
PDMs (protocol-dependent modules), 139
PDU (protocol data unit), 264-266
peers

BGP, 381-383

routes, 387
point-to-multipoint OSPF, 200
point-to-multipoint WANSs, 312
point-to-point networks, creating, 198
point-to-point serial links, VSLM, 48
point-to-point WANs, 312
policies

BGP, 405-412

routing, 334-336, 388-390
prioritization, traffic, 19
priority, OSPF routers, 189
private addressing, 54
processing

floating static routing, 94-95

static routing, 79-82
protocol data unit (PDU), 264-266
protocol-dependent modules (PDMs), 139
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protocols operation, 148-151
BGP, 361 packets, 140
attributes, 390-404 passive interfaces, 333
autonomous systems, 361-367 route tagging, 147
configuring, 375-384 show commands, 158
decision process, 404 summarization, 156
default routing, 415-417 tables, 142, 144
EBGP multihop, 379-380 IGPs, 82
filtering, 405412 IP. See 1P
ESM, 371 IS-IS, 247
load balancing, 412-414, 417 non-IP networks, 83
monitoring, 384-386 nonroutableroutable/routable, 22
multihomed connections, 418-420 OSI, 248-250
operation, 367-375 OSPF, 165
OSPF case study, 466—467 RIPv2, 105-118
redistribution, 421-425 configuring, 118-121
redundancy, 412-414 verifying, 121-124
routing, 386-390 routing
routing policies, 405-412 AppleTalk, 82
sessions, 377-379 classless, 113
symmetry, 412-414, 417 distance vector routing protocols, 85-86
CLNP, 249 EIGRP, 89
dynamic routing, 82-85 IP, 83
EGPs, 82, 334 IPX, 82
EIGRP, 129-132 link-state routing protocols, 87-89
case study, 463-464 route calculation, 96-99
components, 140-148 VSLM, 49-50
configuring, 151-158 RTMP, 17
convergence, 148 RTP, 135
debug commands, 158 scalable routing, 17
design, 132-133 tunnels, 18
features, 133-139 PSNP (Partial Sequence Number PDU), 265

IGRP compatibility, 130
monitoring, 158-159
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query packets, EIGRP, 142

rapid convergence, EIGRP, 132
reachability, NLRI, 373

reconfiguration of timers, 280. See also
configuration

recovery, EIGRP, 134
redistribute commands
redistribute rip command, 343
redistribute rip subnets command, 217
redistribute static command, 329
redistribution
BGP, 421-425
routes, 336-338
administrative distance, 338-341
connected/static, 348-350
guidelines, 341-342
one-way configuration, 342-346
RIP configuration, 351-355
two-way configuration, 346-348
verifying, 350-351
redundancy, BGP, 412-414
relationships, OSPF, 171-174
reliability, scalable networks, 17
Reliable Transport Protocol (RTP), 135
reply packets, EIGRP, 142
requirements, backbone routers, 229
responsiveness, scalable networks, 15, 19
RFC 1918, 53
RIB (Routing Information Base), 283

RIP (Routing Information Protocol), configuring,
351-355

RIPv2 (Routing Information Protocol version 2),
105-118

configuring, 118-121
verifying, 121-124
routable protocols, mixing, 22
route switch modules (RSMs), 11
route-map command, 334, 388
routers, 7-14
helper addresses, 64-67
ISO addressing, 260
NETs, 258
OSPF, 166-171
adjacencies, 179
BDR/DR election, 180-182
commands, 188194
configuring, 186-188
Hello protocol, 176-179
multiarea operation, 203-220
NBMA, 194-203
network types, 174-176
NSSA, 225-229
operation, 179
route discovery, 182-183
route selection, 183
routing information, 184-185
states, 171-174
stub areas, 221-224
virtual links, 229-233
routes
aggregation (IP addresses), 4345
calculation, 96-99
classless lookups, 112
discovery, 173, 182-183
filtering, 405-412
injecting, 422
peers, 387
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redistribution, 336-338 sessions, 377-379
administrative distance, 338-341 symmetry, 412-414, 417
connected/static, 348-350 CIDR, 42-43
guidelines, 341-342 classless, 120
one-way configuration, 342-346 convergence, 95-96
RIP configuration, 351-355 DDR, 21
two-way configuration, 346-348 default, 89-94
verifying, 350-351 distance vector routing protocols, 85-86

selection, 183 dynamic, 82-85

states, 146 EIGRP, 89, 129-132

successors, 148 case study, 463-464

summarization, 120, 218 components, 140-148
flapping, 52 configuring, 151-158
IPv4, 51 convergence, 148
scalable networks, 22 debug commands, 158

tags, 147 design, 132-133

withdrawn, 373 features, 133-139

routing, 77-79 IGRP compatibility, 130

BGP, 386-388 monitoring, 158-159
attributes, 390404 operation, 148-151
autonomous systems, 361-367 packets, 140
configuring, 375-384 passive interfaces, 333
decision process, 404 route tagging, 147
default routing, 415-417 show commands, 158
EBGP multihop, 379-380 summarization, 156
filtering, 405412 tables, 142, 144
FSM, 371 information, 184-185
load balancing, 412-414, 417 IP, 292-301
monitoring, 384-386 IS-IS, 247
multibomed connections, 418-420 Level 2, 248
operation, 367-375 levels, 275
OSPF case study, 466—467 link-state routing protocols, 87-89
redistribution, 421-425 metrics, 99
redundancy, 412-414 OSPF hierarchies, 204
routing, 386-390 passive interfaces, 328-330

routing policies, 405-412 policies, 334-336, 405-412
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protocols
AppleTalk, 82
classless, 113
IP, 83
IPX, 82
route calculation, 96-99
VSLM, 49-50
scalable protocols, 17
snapshot, 21
static, 79-82
defaults, 90
floating, 94-95
tables, 83
EIGRP/IGRP, 131
OSPF, 170
updates, 186, 215
updates
BGP, 367
controlling, 327-328
filtering, 331-333
Routing Information Base (RIB), 283
Routing Information Protocol. See RIP
Routing Information Protocol version 2. See RIPv2
Routing Table Maintenance Protocol (RTMP), 17
RSMs (route switch modules), 11
RTMP (Routing Table Maintenance Protocol), 17
RTP (Reliable Transport Protocol), 135

S

scalability, IS-IS, 247

scalable internetworks
attributes of, 15-24
hierarchical design models, 3-15
overview of, 3

scalable networks, 18, 21

scalable routing protocols, 17
schemes, IPv4, 34-35
security

authentication, 191

scalable networks, 16, 23
selection of routes, 183
servers, IOS DHCP, 61
service dhcp command, 61
sessions (BGP)

configuring, 377-379

peering, 381-383

shortest path first (SPF) algorithm, 87, 169, 291.
See also link-state routing protocols

show commands
EIGRP, 158
OSPF, 193
RIPv2, 121-124
show clns neighbor command, 319
show clns routes command, 299
show clns traffic command, 311
show frame-relay map command, 315
show ip bgp neighbor commands, 382
show ip bgp neighbors command, 386
show ip ospf interface command, 189
show ip route command, 77, 131
show ip routes command, 301
show isis database command, 310
show isis routes command, 299
show isis topology command, 297
single areas, OSPF, 186-188
single autonomous systems, 363-364
SMDS (Switched Multimegabit Data Service), 194
snapshot routing, 21
speed of OSPF, 167

SPF (shortest path first) algorithm, 87, 169, 291.
See also link-state routing protocols

stability of networks, EIGRP, 132
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statements, dialer map, 312
states
EIGRP, 146
OSPF, 171-174
static routes, redistributing, 348-350
static routing, 79-82
defaults, 90
floating, 94-95
structure of IP addresses, 34, 39-41
stubby areas, OSPF, 221-224
“stuck in active” state routes, EIGRP, 146
subinterfaces. See also interfaces
hub-and-spoke topology, 200
point-to-point networks, 198
subnet masks
discontiguous, 54-55, 120
[Pv4 addressing, 39-41
private addresses (with NAT), 54
RIPv2, 109
VSLM, 46-49
suboptimal IS-IS routing, 294
successors, EIGRP, 145, 148
summarization
classless route lookups, 112
EIGRP, 156
interfaces, 157
routes, 120, 218
flapping, 52
IPv4, 51
scalable networks, 22
summary-only keyword, 397
supernetting, 112
advertisements, 397
allocation, 45-46
IP addresses, 43-45
Switched Multimegabit Data Service (SMDS), 194

switches
access layer, 15
Catalyst 2950 Series access layer switches, 15
Catalyst 3550 Series core layer switches, 12
Catalyst 4500 Series core layer switches, 12
Catalyst 6500 Series core layer switches, 12
core layer, 12

switching scalable networks, 23

symmetry, BGP, 412-414, 417

synchronization, 284

T

tables
adjacencies, 279
BGP, 380-381
EIGRP, 142, 144
routing, 77-79, 83
distance vector routing protocols, 85
static, 81
tags, routes, 147

TCP/IP (Transmission Control Protocol/Internet
Protocol), 249

technologies, EIGRP, 134. See also EIGRP
three-layer hierarchical design model, 4
timed updates, 98
timers

OSPF, 192

reconfiguring, 280
timers spf command, 184
TLVs (Type, Length, and Value), 262, 270
topological databases, OSPF, 169
topologies

hub-and-spoke, 199

OSPF, 180

tables, 144



VLSM (variable-length subnet masking) supernetting

485

totally stubby areas, OSPF, 221-224
traffic, prioritization, 19
troubleshooting
BGP, 412-414
convergence, 95-96
default routing, 93
interfaces, 319
IP addresses, 41
CIDR, 42-43
route aggregation, 43—45
supernetting, 45-46
IPvé6, 68
RIPv2, 116-117, 121-124
successors, 148
“stuck in active” states, 146
tunnels, protocols, 18

two-tuple length, prefixes, 373

two-way route redistribution, configuring, 346-348

two-way state, OSPF, 172
Type, Length, and Value (TLVs), 262, 270
types
of areas, 207-208
of messages, 369-371
of networks
IS-1IS, 290
OSPF, 174-176
of packets
EIGRP, 140
OSPF, 172
of routers, 206

U

UDP (User Datagram Protocol), 65
unnumbered IP addressing, 56-58
updates
BGP, 367
incremental, 22
OSPF, 186
packets (EIGRP), 142
passive interfaces, 328-330
RIPv2, 106
route calculation, 96-99
routing
controlling, 327-328
filtering, 331-333
tables, 186, 215
usage selection, BGP, 366-367

\"/

values

AFI, 259

IS-IS PDUs, 266
variable-length subnet masking (VLSM), 86
verification

BGP, 384-386

EIGRP, 158-159

multiarea OSPF operation, 220

RIPv2, 121-124

route redistribution, 350-351
virtual links, OSPF, 229-233

VLSM (variable-length subnet masking)
supernetting, 86

IPv4, 46
routing protocols, 49-50
subnet masks, 46—49

OSPF, 167

RIPv2, 106
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WAN (wide area networks)
compression, 21
integrated IS-IS, 312-313
passive interfaces, 329
private addresses, 53

Weight attribute, 401

which-route command, 299

withdrawn routes, 373



