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%OSPF-4-BADLSATYPE error messages, 529

 

Numerics

 

128-bit addressing scheme, IPv6, 5
2-way state, OSPF neighbors, 336

getting stuck, 398–400
32-bit addressing scheme, IPv4, 5

classes, 5–7
private address space, 7–8
subnetting, 8

 

A

 

ABRs (area border routers), generating default 
summary routes, 326–327

access lists
distribute lists

IGRP uninstalled routes, 149–150
unadvertised IGRP routes, 173–174

filtering BGP traffic
unfiltered masked routes, 831–835
unfiltered subnets, 828–830

inbound interfaces, blocked RIP broadcast, 
63–65

source address. blocked RIP route installation, 
60–63

unintentional TCP packet blockages, 741–742
Acknowledgment field (EIGRP packets), 216
active routes (EIGRP), 213
Active state (BGP-4), 663
AD (administrative distance), 24, 661
Address Resolution Protocol 

 

(

 

ARP), 5
addresses

CLNP, 548
NSAPs, 536
defining, 551
format, 549–551

addressing, 4
classless, 7
CLNP NSAPs, 536, 548

defining, 551
format, 549–551

hop-by-hop destination-based forwarding, 4
IPv4

CIDR, 10
classes, 5–7
private address space, 7–8
subnet, 8

media independence, 5
adjacencies, 334–335

2-way state, 336
Attempt state, 336
Down state, 335
ES-IS, 538, 589

formation in IS-IS network, 605
Exchange state, 337
Exstart state, 336
Full state, 338
Init state, 336
IS-IS, 537–540, 587–589

absence of, 590–596
INIT state, 596–605

Loading state, 338
OSPF

optional capability mismatches, 370–372
Stuck in 2-WAY state, 398–400
Stuck in ATTEMPT, 383–386
Stuck in EXSTART/EXCHANGE state, 

401–417
Stuck in INIT, 387–398
Stuck in LOADING state, 417–422

administrative distance, 24, 661
advanced distance vector routing protocols

EIGRP
dial backup, 286–290
error messages, 291
mismatched AS numbers, 239
mismatched K values, 237
mismatched masks, 235–237
neighbor relationships, 227–232
redistribution, 280–286
route advertisement, 250–256
route flapping, 271–275
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route installation, 264–270
route summarization, 276–280
SIA errors, 240–250
uncommon subnets, 233–235
unexpected metrics, 259–263
unexpected route advertisement, 257–259

advertising
BGP-4 routes, 668–670

synchronization rule, 671–672
IGRP routes

broadcast capability, 178–180
distribute lists, 173–174
misconfigured neighbor statement, 

180–181
misconfigured network statement, 

169–171
network interface, 175–176
outgoing interface, 171–172
passive outgoing interface, 176–178
split horizon, 184, 187–188
troubleshooting, 169
VLSM, 182–184

RIP routes, 86
blocked routes, 91–93
broken multicast capability, 96–98
down network interface, 93–94
down outgoing interface, 89–91
misconfigured neighbor statement, 

99–100
missing network statement, 87–89
passive outgoing interface, 95–96
split horizon, troubleshooting, 102, 

105–106
VLSM routes, troubleshooting, 100–102

Advertising Router field 
OSPF link-state request packets, 300
LSAs, 303

AFI (address family identifier), 42
aggregate-address command, configuring BGP route 

origination, 747–749
Area 0, 315
Area ID field (OSPF packets), 297
areas, 315–318

IS-IS, 536–537
hiearchical routing, 541

normal, 319

NSSAs, 321–324
configuring, 322–324
default routes, 326–327
filtering Type 7 LSAs, 326
injecting external routes, 325–326
totally NSSAs, 324–326

stub, 319–320
totally stubby, 321

ARP (Address Resolution Protocol), 5
AS (autonomous system), 659

confederations, designing, 758–761
inbound traffic flows, 812

underutilized links, 813–818
outbound IP traffic flows, 790

asymmetrical routing, 802–806
dual-homed connections, 798–802
reachability, 795–798
single exit point, 791–795

AS confederations, 711–712
AS_PATH attribute

filtering, 835
policy control, 682, 684–685

AS_SEQUENCE attribute, 685
AS_SET attribute, 685
ASBR (autonomous system boundary router), 660
assert mechanism, 640

PIM dense mode, 631–632
assigning default IGRP metric for redistribution, 

191–194
asymmetrical routing, 802–806
Attached Bit field (LSPs), 554
Attached Router field (Network LSAs), 307
ATTEMPT state, OSPF neighbors, 336

getting stuck, 383–386
attributes (BGP)

AS_PATH
filtering, 835
policy control, 682–685

COMMUNITIES, policy control, 697–699
interpreting from command output, 688–690
LOCAL_PREF policy control, 675–676
MED

infinite setting, 777
policy control, 677–682

NEXT_HOP, policy control, 685
ORIGIN, policy control, 685

 

advanced distance vector routing protocols
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authentication
IS-IS, 548
keys, 69
null authentication, 364
RIP, 42

Authentication field (OSPF packets), 297
auto-cost reference-bandwidth command, 305
Autonomous System Number field, EIGRP 

packets, 216
autosummarization

EIGRP, 219–220
IP routes into Level 1/Level2, 573–574
missing RIP subnetted routes, 106–109
RIP, 43

AuType field (OSPF packets), 297
avoiding routing loops, split horizon, 130

 

B

 

backbone
indication LSAs, 332–333
IS-IS networks, 537
virtual links, 316–318

Backup Designated Router field, OSPF Hello 
packets, 299

backup interface command, 194
backup links, dialup, 194–198
Bad LSA type error messages, 529
bandwidth, calculating IGRP metric, 128–129
behavior, IGRP, 131
best-path calculation, 661, 668

BGP, 820–827
BGP-4, 713–716
IS-IS SPF algorithm, 558

BGP-4 (Border Gateway Protocol), 659
AD, 661
advertising routes, 668–670
AS confederations, 711–712
AS-PATH, filtering, 835
attributes, interpreting from command output, 

688–690
best-path calculation, 661, 713–716, 820

selection of lowest MED value, 824–827
selection of wrong path, 821–823

cold potato, 661
confederations, designing, 758–761

EBGP multihop, misconfiguration, 736–740
Established state, 663
extended access lists, unfiltered masked routes, 

831–835
external neighbor relationships

incorrect IP address assignment, 731–732
IP connectivity, 728
Layer 2 problems, 729–731
nondirectly connected, 732–733

hot potato, 661
inbound traffic flows, 812

underutilized links, 813–818
internal neighbor relationships, route 

propagation, 754–762
load balancing, dual-homed outbound traffic, 

806–812
neighbor relationships, 663–664, 659

advertised routes, 726
external, 665–667
internal, 667
statistics, displaying, 726

nondirectly connected external neighbor 
relationships. missing routing table 
addresses, 733–736

peers, 659–660
policies, 661
policy control, 672–674

AS_PATH attribute, 682–685
communities, 697–699
distribute lists, 695–696
filter lists, 695
LOCAL_PREF attribute, 675–676
MED attribute, 677–682
NEXT_HOP attribute, 685
ORF, 700–702
ORIGIN attribute, 685
prefix lists, 696
route maps, 690–694
WEIGHT knob, 686–688

policy routing, outbound IP traffic flows, 
790–806

private peering, 660
protocol specifications, 662
public peering, 660
RFC 1771, 662
route dampening, 702–706

 

route dampening
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route origination
classful network advertisements, 749–751
misconfiguration, 746–749
misconfigured distribute lists, 752–754
missing routing table entries, 743–746

route reflection, 707–711, 778
client-to-client reflection, 780–782
identical cluster IDs, 785, 788–790
misconfiguration, 779–780
peer groups, 783–785

routing table
uninstalled EBGP-learned routes, 

771–777
uninstalled IBGP-learned routes, 

763–771
standard access lists, unfiltered subnets, 

828–830
synchronization rule, 671–672
synchronization, disabling, 766

BGP feed, 659
Bit B field (router LSAs), 305
Bit E field (external LSAs), 313
Bit E field (router LSAs), 304
Bit V field (router LSAs), 304
black holes, 671–672
boundaries, EIGRP queries, 220
broadcast addresses, 12
broadcast capability, unadvertised IGRP routes, 

178–180
broadcast links, IS-IS, 536
broadcast mode (NBMA), 329–330

 

C

 

calculating
best paths

BGP-4, 713–716
IS-IS SPF algorithm, 558

EIGRP metrics, 208–209
IGRP metric, 127

bandwidth variable, 128–129
delay variable, 128–129

case study, IS-IS configuration, 619–622

causes of uninstalled RIP routes
access lists blocking RIP broadcast, 63–65
access lists blocking source address, 60–63
discontiguous networks, 71–74
distribute list incoming routes, 58–60
equal cost paths, 83–86
hop count exceeded, 81–83
incompatible RIP version, 65–68
incorrect network statement, 53–56
invalid source, 74–76
Layer 1/2 down, 56–58
Layer 2 problems, 76–78
mismatched authentication key, 68–71
offset value too high, 79–81

characteristics
normal areas, 319
NSSAs, 322
stub areas, 320
totally stubby areas, 321

Checksum field
EIGRP packets, 216
IGMP packets, 636
LSPs, 554
OSPF packets, 297

checksum operation, LSAs, 303
CIDR (Classless Interdomain Routing), 7, 10
classes of IP addresses, 5–7
classful networks

masks, 8
redistribution into BGP, 749–751
subnetting, 8

classful routing protocols, 29
versus classless, 15

classless addressing, 7
CIDR, 10

classless routing protocols versus classful, 15
clear isis command, 587
clients, route reflection, 757
client-to-client reflection, 780–782
CLNP (Connectionless Network Protocol), 534, 586

addressing, 548
IS-IS, 586
NSAPs, format, 549–551
NSAPs, defining, 551

CLNS (connectionless network services), 533

 

BGP-4 (Border Gateway Protocol)
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clusters
identical cluster IDs between RR, 785, 788–790
route reflector client/servers, designing, 

757–758
cold potato routing, 661, 682
commands

aggregate-address, configuring BGP route 
origination, 747–749

auto-cost reference-bandwidth, 305
backup interface, 194
clear isis, 587
debug ip bgp update, 727
debug ip bgp updates, 727
debug ip rip, 35, 55
ip default-network, 132, 221
ip summary-address eigrp, 219
match as_path, implementing in route maps, 

692–693
match community, implementing in 

route maps, 692
match ip address, implementing in 

route maps, 691
output, interpreting BGP attributes, 688, 690
ping clns, 617–619
set as-path prepend, implementing in route 

maps, 693
set community, implementing in 

route maps, 693
set local preference, implementing in route 

maps, 694
set metric command, implementing in route 

maps, 694
show clns interface, 564, 586
show clns neighbors, 586
show clns neighbors detail, 563

field definitions, 588
show clns protocol, 562–563
show ip bgp, 726
show ip bgp neighbor, 726
show ip bgp neighbors, 726–727
show ip bgp summary, 726
show ip eigrp neighbor, 210
show ip eigrp topology active, 242–245
show ip protocols, 56
show ip route, 12, 56, 134, 142
show isis database, 586
show isis topology, 565, 586

timers basic, 130
traceroute, 617–619
variance, 133–134, 221–223

communities, BGP-4 policy control, 697–699
comparing

classless and classful routing protocols, 15
interior and exterior gateway protocols, 15, 

17–18
IPv4 and IPv6, 5
link-state and distance vector protocols, 18
TCP/IP and OSI reference model, 3
Type 7 and Type 5 LSAs, 322

confederations (BGP), designing, 758–761
configuring

EIGRP manual summarization, 219
IS-IS

ATM connectivity, 566–568
autosummarization, 573–574
case study, 619–622
default route advertisement, 569
IP routing, 560, 566–573
redistribution, 570–573
routing on point-to-point links, 559–566

NSSA areas, 322–324
virtual links, 316–318

Connect state (BGP-4), 663
connectivity

external BGP neighbor relationships, 728
IS-IS

adjacencies, 587–605
ping clns command, 617–619
traceroute command, 617–619

constant SPF calculations in OSPF networks, 
troubleshooting, 518–528

convergence, 129
BGP networks, peer groups, 783–785
diffused computation, 213
distance vector protocols, 19–20
EIGRP, 207

query process, 220
local computation, 213

cost
IS-IS default metric, 546
OSPF metric calculation, overriding, 305

“could not allocate route id” error messages, 529

 

cost
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count to infinity, 29
distance vector protocols, 21

CPU utilization, displaying IS-IS statistics, 613–615
CPUHOG messages, OSPF, 499–503
CSNP Interval timer, IS-IS link-state database, 557
CSNPs (complete sequence number packets), 556

 

D

 

dampening routes, modifying parameters, 771–774
data-forward process, addressing, 4
datagram delivery service model, 3
DBD (Database Description) packets, OSPF, 299

Sequence Number field, 300
DC bit, 332
DDR (dial-on-demand routing)

IGRP, 194
dial backup, 194–198

OSPF, 503–516
RIP, 116–122

debug ip bgp update command, 727
debug ip bgp updates command, 727
debug ip rip command, 35, 55
debugging SPF problems (IS-IS), 615–616
decision process, IS-IS SPF algorithm, 558
default routes

EIGRP, 221
IGRP, 132–133

unadvertised candidates, 188–191
OSPF

unadvertised, 450–462
NSSAs, 326–327

RIP, 39–40
unadvertised, 450–462

defining
metric for IGRP redistribution, 191–194
NSAPs, 551

delay, calculating IGRP metric, 128–129
delay metric, IS-IS, 546
demand circuits (OSPF), 331–334
dense mode (PIM), 625, 630–631

assert mechanism, 631–632
prune mechanism, 631
troubleshooting, 646–651

Designated Router field (OSPF Hello packets), 299
designing

BGP confederations, 758–761
route reflector model, 757–758

devices
interfaces, link-based addressing, 5
Layer 2 media, troubleshooting uninstalled 

IGRP routes, 161–163
dial backup

EIGRP, 286–290
IGRP, 194–198

diffused computation, 213
Dijkstra algorithm, 295
direct inspection of LSPs, 606–607
directed broadcasts, 12
directly connected external BGP neighbors, IP 

connectivity, 728–729
DIS (designated intermediate system), 539
disabling BGP synchronization, 766
discontiguous networks

EIGRP, 252–253
routing behavior, 218–219

RIP, 36–37
troubleshooting route installation, 71–74

uninstalled IGRP routes, 155–158
displaying

BGP neighbor statistics, 726
IS-IS CPU utilization statistics, 613–615
IS-IS link-state database, 565
IS-IS topology, 565
prefixes, assigned attributes, 726

distance vector protocols
convergence, 19–20
counting to infinity, 21
holddown, 21
IGRP, 133–134

behavior, 131
default routes, 132–133
defining metric for redistribution, 

191–194
dial backup links, 194–198
flapping routes, 198–201
metrics, 127–129
packets, 131
split horizon, 130
split horizon with poison reverse, 130

 

count to infinity
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timers, 129–130
unadvertised default route candidates, 

troubleshooting, 188–191
uninstalled equal-cost paths, 

troubleshooting, 166–168
uninstalled routes, troubleshooting, 

142–188
variance, 201–204

loop avoidance, 20–21
metrics, 19
periodic updates, 22
poison reverse, 22
RIP

authentication, 42
compatibility issues, 43
DDR, 116, 118–122
default routes, 39–40
discontiguous networks, 36–37
flapping routes, 122–124
multicast, 42
Next Hop fields, 41
packet behavior, 31
receiving updates, 33–35
redistribution, 113–116
route advertisements, 86–106

passive outgoing interface, 96
route tag field, 40–41
route installation, 52–85
sending updates, 31–33
split horizon, 30

with poison reverse, 31
subnet masks, 41
summarization, 109–113
timers, 30
uninstalled routes, 52
version field, 43
VLSM, 37–39

split horizon, 22
triggered updates, 22
versus link-state, 18

distribute lists, 58
BGP-4 

misconfiguration, 752–754
policy control, 695–696

blocked routes, troubleshooting, 91–93
IGRP uninstalled routes, 149–150

incoming routes, blocked RIP route installation, 
58–60

misconfiguration, 251–252
unadvertised IGRP routes, troubleshooting, 

173–174
dotted-decimal notation, IP address representation, 7
Down state, OSPF neighbors, 335
Doyle, Jeff, 214
dropped packets, IGRP, 199–201
DRs (designated routers), network LSAs, 307–308
DUAL (Diffusing Update Algorithm), 207, 211, 

240–241
active routes, 213
FC, 211
FD, 211
FSM, 213–214
feasible successors, 212
passive routes, 213
RD, 211
successors, 211

dual addressing scheme, IS-IS, 586
dual homing

load balancing, 806–812
outbound BGP traffic flows, 798–802

duplicate router IDs, EIGRP, 268–270
dynamic routing, 4, 11

classless versus classful, 15
interior versus exterior gateway, 15–18
link-state versus distance vector protocols, 18
multicast versus unicast, 12–14
versus static routing, 11

 

E

 

EBGP (External BGP), 660
multihop

misconfiguration, 736–740
resolving nondirectly connected neighbor 

relationships, 732
unreachable next hop, 774–777

underutilized links between two ASes, 813–818
uninstalled routes, 771

dampened BGP routes, 771–774
infinite MED value, 777

 

EBGP (External BGP)

 

019601iIX.fm  Page 855  Tuesday, March 18, 2003  8:51 AM



 

856  

 

EGP (exterior gateway protocol), 659
EIGRP (Enhanced Interior Gateway Routing 

Protocol), 17, 207
convergence, 207

diffused computation, 213
local computation, 213

default routes, 221
dial backup, 286–290
DUAL, 207, 211, 240–241

active routes, 213
FC, 211
FD, 211
feasible successors, 212
passive routes, 213
RD, 211
successors, 211

error messages, 291
hold time, 209
metrics, 208–209
neighbor relationships, 209–210, 227

log, reviewing, 228–229
mismatched AS numbers, 239
mismatched k values, 237
mismatched masks, 235–237
one-way, 230–232
SIA errors, 240–250
uncommon subnets, 233–235

packets, TLV, 216–217
redistribution, 280–286
reliable packets, 214
route advertisement, 250

discontiguous networks, 252–253
misconfigured distribute lists, 251–252
split-horizon, 253–256
unexpected advertisements, 257–259
unexpected metrics, 259–263

route flapping, 271–275
route installation, 264–270
route summarization, 276–280
routing behavior, 218–219
RTP, 214
summarization, 219–220
unequal-cost load balancing, 221–223

empty neighbor lists, OSPF, 351–383

empty routing tables (IGRP), troubleshooting, 
142–166

Enhanced Interior Gateway Routing Protocol. 

 

See

 

 EIGRP
equal-cost paths, route installation

IGRP, 166–168
RIP, 83–86

error messages, EIGRP, 291
error metric, IS-IS, 546
ES-IS (End System-to-Intermediate System), 589

adjacencies, 538
misidentification in IS-IS networks, 605

Established state (BGP-4), 663–664
route advertisements, 668–670

synchronization rule, 671–672
establishing IGRP dial backup, 194–198
Exchange state, OSPF neighbors, 337

getting stuck, 401–417
expense metric, IS-IS, 546
Exstart state, OSPF neighbors, 336

getting stuck, 401–417
extended access lists

BGP filtering, unfiltered masked routes, 
831–835

debug ip bgp update command output, 727
uninstalled IGRP routes, troubleshooting, 

151–155
exterior gateway protocols, versus interior, 15–18
external LSAs (Type 5), 302, 313–315
external metrics, IS-IS, 547
external neighbor relationships, BGP-4, 665–667

incorrect IP address assignment, 731–732
IP connectivity, 728
Layer 2 problems, 729–731
nondirectly connected, 732–733

misconfiguration, 736–740
missing routing table addresses, 733–736

external routes
injecting into NSSAs, 325–326
OSPF, unadvertised, 441–449
redistribution into IS-IS, 570–573
summarization, 497–499
uninstalled, 479–487

 

EGP (exterior gateway protocol)
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FC (feasible condition), 211
FD (feasible distance), 211
feasible successor routes, 17, 212
field definitions

EIGRP packets, 216–217
external LSAs, 313
IGMP packets, 635
IS-IS packets, TLVs, 543–545
LSP headers, 553–555
show clns neighbors command output, 588
OSPF 

Hello packets, 298–299
LSA headers, 303–304
packets, 296

summary LSAs, 310
filter lists, BGP-4 policy control, 695
filtering traffic

BGP traffic
AS_PATH, 835
unfiltered masked routes, 831–835
unfiltered subnets, 828–830

extended access lists, troubleshooting 
uninstalled IGRP routes, 151–155

Type 7 LSAs, 326
Flags field (EIGRP packets), 216
flapping routes

dampening, 702–706
EIGRP, 271–275
IGRP, 198–201
IS-IS, 612–616
RIP, 122–124

flooding, 552
IS-IS, 555–557

flush timers
IGRP, 130
RIP, 30

format of NSAPs, 549–551
Forwarding Address field (External LSAs), 313
forwarding packets

high-speed, 25
multicast, 12–14

full feed, 659
Full state, OSPF neighbors, 338

 

G

 

gateway of last resort, IGRP, 188
generating default summary routes, 326–327
generic format, IS-IS packets, 543–545
Group Address field, IGMP packets, 636

 

H

 

headers
LSAs, 303–304
LSPs, 553–555
OSPF packets, 296

Hello Interval field, OSPF Hello packets, 298
hellos

IIHs, 538–539
OSPF, 297–299

hierarchical Route-Reflection, 709
hierarchical routing, IS-IS, 541
hold time

BGP-4, 663
EIGRP, 209

holddown, distance vector protocols, 21
hold-down timers

IGRP, 130
RIP, 30

hop count, 29
troubleshooting RIP route installation, 81–83

hop-by-hop destination-based forwarding 
mechanism, 4

hot potato, 661
hybrid routing protocols, EIGRP, 207

convergence, 207
default routes, 221
DUAL, 207, 211–213
IP Internal Route TLV (EIGRP), 216–217
metrics, 208–209
neighbor relationships, 209–210
packet fields, 216–217
query process, 220
routing behavior, 218–219
RTP, 214
summarization, 219–220
unequal-cost load balancing, 221–223

 

Hybrid routing protocols

 

019601iIX.fm  Page 857  Tuesday, March 18, 2003  8:51 AM



 

858  

 

I

 

I Bit field (OSPF DBD packets), 299
IBGP (Internal BGP), 660

AS confederations, 711–712
black holes, 671–672
neighbor relationships

client-to-client reflection, 780–782
misconfiguration, 779–780

route reflection, 707–711
uninstalled routes, 763–766

unreachable next-hops, 766–771
identical cluster IDs in RR session, troubleshooting, 

785, 788–790
identifying routers attached to transit links, 308
Idle state (BGP-4), 663
IETF standardization of IS-IS, 535
IGMP (Internet Group Management Protocol)

version 1, 626
version 2, 627

joins, 643–645
leave mechanism, 627–628
packets, 635
querier election mechanism, 627

IGRP (Interior Gateway Routing Protocol)
behavior, 131
DDR, 194

dial backup links, 194–198
default routes, 132–133
intermediate media problems, 142
load balancing, 168
metrics, 127–129
packets, 131
redistribution

into NSSA area, 321
metric, defining, 191–194

route flapping, 198–201
route installation, 142–166
split horizon, 130
split horizon with poison reverse, 130
timers, 129–130
unadvertised default route candidates, 188–191
unequal-cost load balancing, 133–134
uninstalled equal-cost paths, 166–168
uninstalled routes, sender problems, 142,

168–188
variance, 201–204

IIHs (intermediate system-to-intermediate system 
hellos), 538–539

improving BGP network convergence, 783–785
inbound BGP traffic flows, 812

underutilized links, 813–818
incompatible RIP versions, troubleshooting RIP 

route installation, 65–68
incorrect network statements, RIP route installation, 

53–56
indication LSAs, 332–333
INIT state, 336

getting stuck, 382, 387–398
IS-IS adjacencies, 596–605

injecting external routes into NSSAs, 325–326
installing RIP routes, 52

access lists
blocked RIP broadcast, 63–65
blocked source addresses, 60–63

discontiguous networks, 71–74
distribute lists, blocked RIP routes, 58–60
equal-cost paths, 83–86
hop count exceeded, 81–83
incompatible RIP version, 65–68
incorrect network statements, 53–56
invalid sources, 74–76
Layer 2 problems, 76–78
line protocols, down state, 56–58
mismatched authentication key, 68–71
offset list value too high, 79–81

Integrated IS-IS. 

 

See

 

 IS-IS
interarea routes, summarization, 495–496
interesting traffic, 117
Interface MTU field, OSPF DBD packets, 299
interfaces

link-based addressing, 5
oilist, 630–631

Interior Gateway Protocols
EIGRP, 17
versus exterior, 15–18

intermediate media problems, 142
internal metrics, IS-IS, 547
internal neighbor relationships

BGP-4, 667
route propagation, 754–761

synchronization, 761–762
unintentional TCP packet blockages, 741–742

 

I Bit field (OSPF DBD packets)
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interpreting BGP attributes from command output, 
688–690

Invalid lsa error messages, 529
invalid sources, troubleshooting uninstalled routes

IGRP, 159–161
RIP, 74–76

invalid timers
IGRP, 129
RIP, 30

IP addressing
broadcast addresses, 12
CIDR, 10
dynamic routing, 11

classless versus classful routing protocols, 
15

interior versus exterior gateway, 15–18
link-state versus distance vector protocols, 

18–24
unicast versus multicast routing, 12–14

subnets, 12
ip default-network command, 132, 221
IP Internal Route TLV (EIGRP), 216–217
IP network numbers, 6
IP prefix, 659
IP routing, IS-IS configuration, 560, 566–573

ATM connectivity, 566–568
autosummarization, 573–574
default route advertisement, 569
point-to-point links, 559–566
redistribution, 570–573

ip summary-address eigrp command, 219
IPv4

address classes, 5–7
private address space, 7–8
subnetting, 8
versus IPv6, 5

IS Type field (LSPs), 555
IS-IS (Intermediate System-to-Intermediate 

System), 533–535
adjacencies, 538–540, 587–589

absence of, 590–596
INIT state, 596–605
misidentified ES-IS adjacencies, 605
three-way reliable, 540

areas, 536–537
authentication, 548
backbone, 537

broadcast links, 536
CLNP addressing, 548, 586

NSAP format, 549–551
NSAPs, defining, 551

DIS, 539
errors, 616–617
external routes, redistribution to Level 1, 611
flapping routes, 612–616
flooding, 552
hierarchical routing, 541
IETF standardization, 535
IP routing

ATM configuration, 566–568
autosummarization, 573–574
configuring, 560, 566–573
default route advertisement, 569
point-to-point links, 559–566
redistribution, 570–573

level 1, 535
links, 536–537
link-state database, 552–555

displaying, 565
flooding, 555–557
synchronization, 555–557
update timers, 556–557

LSPs, header fields, 553–555
metrics, 545–548

external, 547
internal, 547

nodes, 536–537
NSAPs, 536
packets, 542

generic format, 543–545
PDUs, 542
ping clns command, 617–619
point-to-point links, 536
PSN, 539
route advertisements, misconfiguration, 

607–611
routing domains, 536
routing updates, 606–607
SNPs, 556
SPF algorithm, 558

triggers, 614–615
traceroute command, 617–619
update process, 555

 

IS-IS (Intermediate System-to-Intermediate System)
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ISO CLNS (International Organization for 
Standardization Connectionless Networking 
Services)

CLNP, 534
IS-IS, 533–535

adjacencies, 537
areas, 536–537
ATM configuration, 566–568
autosummarization, 573–574
backbone, 537
broadcast links, 536
CLNP addressing, 548–551
default route advertisement, 569
DIS, 539
ES-IS adjacencies, 538
flooding, 552
header fields, 553–555
hierarchical routing, 541
IETF standardization, 535
IP routing configuration, 559–573
IS-IS adjacencies, 538–540
Level 1, 535
links, 536–537
link-state database, 552–557
metrics, 545–548
nodes, 536–537
NSAPs, 536
packets, 542–545
point-to-point links, 536
PSN, 539
redistribution, 570–573
routing domains, 536
SPF algorithm, 558
three-way reliable adjacencies, 540
update process, 555

SNPs, 556
ISPs, BGP-4 659

advertising routes, 668–672
best path calculation, 713–716
external neighbor relationships, 665–667
internal neighbor relationships, 667
neighbor relationships, 663–664
policy control, 672–688
protocol specifications, 662
route dampening, 702–706

IXP (Internet Exchange Point), 660

 

J-K-L

 

join mechanism
IGMP version2, 627–628, 643–645
PIM sparse mode, 633

knobs, policy control, 686–688

Layer 1 (OSI), IGRP uninstalled routes, 147–149
Layer 2 (OSI)

connectivity between external BGP neighbors, 
729–731

IGRP uninstalled routes,161–163
RIP route installation, 76–78

layered protocol suites, TCP/IP, 3
leave mechanism, IGMP version 2, 627–628
Length field (LSAs), 304
Level 1 LAN IIHs, 539
Level 2 LAN IIHs, 539
line protocols

RIP route installation, 56–58
uninstalled IGRP routes, troubleshooting, 

147–149
Link Data field (router LSAs), 305
link flaps, 506
Link ID field (router LSAs), 305
link-based addressing, 5
links

IS-IS, 536–537
OSPF, 305

link-state acknowledgment packets (OSPF), 301
link-state database (IS-IS), 552–555

displaying, 565
flooding, 555–557
synchronization, 555–557
update timers, 556–557

Link-State ID field
LSAs, 303
OSPF link-state request packets, 300

link-state protocols, 23
IS-IS, 533, 535

adjacencies, 537, 587–605
areas, 536–537
ATM configuration, 566–568
authentication, 548
autosummarization, 573–574
backbone, 537

ISO CLNS (International Organization for Standardization Connectionless Networking Services)
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broadcast links, 536
CLNP addressing, 548–551, 586
configuring, case study, 619–622
confusion with ES-IS adjacencies, 605
default route advertisement, 569
DIS, 539
displaying CPU utilization statistics, 

613–615
errors, 616–617
ES-IS adjacencies, 538
external routes, redistribution into Level 1, 

611
flapping routes, 612–616
flooding, 552
header fields, 553–555
hierarchical routing, 541
IETF standardization, 535
IP routing configuration, 559–573
IS-IS adjacencies, 538–540
Level 1, 535
links, 536–537
link-state database, 552–557
metrics, 545–548
nodes, 536–537
NSAPs, 536
packets, 542–545
ping clns command, 617–619
point-to-point links, 536
PSN, 539
redistribution, 570–573
route advertisements, 607–611
routing domains, 536
routing updates, 606–607
SNPs, 556
SPF algorithm, 558
SPF process triggers, 614–615
three-way reliable adjacencies, 540
traceroute command, 617–619
update process, 555

metrics, 24
OSPF, 295

“%OSPF-4-BADLSATYPE error 
messages, 529

adjacencies, 334–338
areas, 315–320
constant SPF calculations, 

troubleshooting, 518–528

“could not allocate route id” error 
messages, 529

CPUHOG messages, 499–503
DDR, 503–516
debugs, CPU utilization, 341
demand circuits, 331–334
Dijkstra algorithm, 295
empty neighbor lists, 351–383
external LSAs, 313–315
LSAs, 302–304
multiaccess media, 327–328
NBMA media, 329–331
network LSAs, 307–308
NSSAs, 321–326
null authentication, 364
“OSPF-4-ERRRCV” error messages, 

529–531
packets, 295–301
point-to-point media, 328
redistribution, 488–494
router LSAs, 304–306
Stuck in 2-WAY state, 398–400
Stuck in ATTEMPT state, 383–386
Stuck in EXSTART/EXCHANGE state, 

401–417
Stuck in INIT, state, 387–398
Stuck in LOADING state, 417–422
summarization, 494– 499
summary LSAs, 309–312
totally stubby areas, 321
unadvertised default routes, 450–462
unadvertised external routes, 441–449
unadvertised routes, troubleshooting, 

422–429, 431
unadvertised summary routes, 432–440
uninstalled external routes, 479–487
uninstalled routes, 463–478
“unknown routing protocol” error 

messages, 528
virtual links, 316–317

versus distance vector, 18
link-state request packets (OSPF), 300
link-state update packets (OSPF), 301

link-state update packets (OSPF)
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load balancing
dual-homed outbound BGP traffic, 806–812
IGRP, 168

uninstalled equal-cost paths, 166–168
variance, 201–204

Loading state, OSPF neighbors, 338
getting stuck, 417–422

local computation, 213
LOCAL_PREF attribute, policy control, 675–676
loop avoidance, distance vector protocols, 20–21
loopback interfaces, BGP peering, 732–733
LS Age field (LSAs), 303
LS Checksum field (LSAs), 303
LS Sequence Number field (LSAs), 303
LS Type field (OSPF link-state request packets), 300
LS Type field (LSAs), 303
LSA Header field (OSPF DBD packets), 300
LSAs, 295, 302–303

external LSAs (Type 5), 313–315
header fields, 303–304
indication LSAs, 332–333
network LSAs (Type 2), 307–308
NSSA, P bit, 324
periodic, 332
router LSAs (Type 1), 304–306
summary LSAs (Type 3/4), 309–312

fields, 310
Type 7, filtering, 326

LSP Database Overload Bit field (LSPs), 555
LSP Identifier field (LSPs), 553
LSP number field (LSPs), 554
LSP Refresh Interval timer, IS-IS link-state 

database, 557
LSP Retransmit Interval timer, IS-IS link-state 

database, 557
LSPs (link-state packets), 553

direct inspection, 606–607
flooding, 552, 555–557
header fields, 553–555
TLVs, 547
Transmission Interval timer, 557

 

M

 

M Bit field, OSPF DBD packets, 299
manual summarization, EIGRP, 219–220
masks, 8
match as_path command, implementing in route 

maps, 692–693
match community command, implementing in route 

maps, 692
match ip address command, implementing in route 

maps, 691
Maxage timer, IS-IS link-state database, 556
Maximum Response Time field, IGMP packets, 636
MED (multi-exit discriminator) attribute

best-path selection, 824–827
infinite value, 777
policy control, 677–682

media independence of IP addressing, 5
media types

Layer 2, uninstalled IGRP routes, 
troubleshooting, 161–163

OSPF
demand circuits, 331–334
multiaccess media, 327–328
NBMA media, 329–331
point-to-point media, 328

messages
“%OSPF-4-BADLSATYPE

Invalid lsa Bad LSA type”, 529
“could not allocate route id”, 529
CPUHOG (OSPF), 499– 503
“OSPF-4-ERRRCV”, 529–531
“unknown routing protocol”, 528
PIM, 638–640

Metric field (router LSAs), 305
metric field (summary LSAs), 310
metrics, 29–30

cost (OSPF), overriding, 305
distance vector protocols, 19
EIGRP, 208–209
IGRP, 127–129

defining for redistribution, 191–194
IS-IS, 545–548
link-state protocols, 24

 

load balancing
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misconfiguration
access lists, troubleshooting uninstalled IGRP 

routes, 149–155
BGP 

distribute lists, 752–754
neighbor addresses, 731–732
route origination, 746–749

IS-IS
adjacencies, 589–605
case study, 619–622
redistribution, 611
route advertisements, 607–611

neighbor statements, 99–100
unadvertised IGRP routes, 180–181

network statements, unadvertised IGRP routes, 
169–171

route reflection
IBGP neighbors, 779–780
identical cluster IDs, 785–790

routers, troubleshooting uninstalled IGRP 
routes, 143–146

mismatched AS numbers (EIGRP), 239
mismatched authentication key, troubleshooting RIP 

route installation, 68–71
mismatched K values, EIGRP, 237
mismatched masks, EIGRP, 235–237
mismatched sender AS number, troubleshooting 

uninstalled IGRP routes, 163–166
modifying BGP dampening parameters, 771–772, 

774
MS Bit field, OSPF DBD packets, 300
multiaccess media, OSPF networks, 327–328
multicast, 625

IGMP
joins, 643–645
leave mechanism, 627–628
packet format, 635
querier election mechanism, 627
version 1, 626
version 2, 627

PIM
dense mode, 625, 630–632, 646–651
messages, 638–640
packets, 636–638
sparse mode, 625, 632–634, 651–656

RIP addresses, 42
RPF, 628–630

multicast routing, versus unicast, 12–14
multihoming, 552, 660

 

N

 

NBMA media, OSPF networks, 329
broadcast mode, 329–330
point-to-multipoint mode, 331
point-to-point mode, 330

Neighbor field (OSPF Hello packets), 299
neighbor relationships

BGP-4, 663–664
external, 665–667
external, incorrect IP address assignment, 

731–732
internal, 667
route advertisements, 668–672

EIGRP, 209–210, 227
mismatched AS numbers, 239
mismatched K values, 237
mismatched masks, 235–237
one-way, 230, 232
reviewing documented changes, 228–229
SIA error, 240– 250
uncommon subnets, 233–235

external (BGP)
IP connectivity, 728
Layer 2 problems, 729–731

IBGP, client-to-client reflection, 780–782
internal

misconfiguration, 779–780
route propagation, 754–762
unintentional TCP packet blockages, 

741–742
OSPF

2-way state, 336
Attempt state, 336
Down state, 335
empty neighbor lists, 351–383
ES-IS, 538
Exchange state, 337
Exstart state, 336
Full state, 338
Init state, 336
IS-IS, 538–540

OSPF

 

019601iIX.fm  Page 863  Tuesday, March 18, 2003  8:51 AM



 

864  

 

Loading state, 338
Stuck in 2-WAY state, 398–400
Stuck in ATTEMPT, 383–386
Stuck in EXSTART/EXCHANGE state, 

401–417
Stuck in INIT, 387–398
Stuck in LOADING state, 417–422
unadvetised default routes, 450–462
unadvetised external routes, 441–449
unadvetised summary routes, 432–440

network convergence time, 129
network interfaces, unadvertised IGRP routes, 

troubleshooting, 175–176
network LSAs (Type 2), 302, 307–308
Network Mask field 

External LSAs, 313
Network LSAs, 307
OSPF hello packets, 298
summary LSAs, 310

Next Hop field (RIP packets), 41
NEXT_HOP attribute, policy control, 685
nodes, IS-IS, 536–537
nondirectly connected external BGP neighbor 

relationships, 732–733
misconfiguration, 736–740
missing routing table addresses, 733–736

normal areas, 319
NSAPs (network service access points), 536

defining, 551
format, 549–551

NSSAs, 321–324
configuring, 322–324
default routes, 326–327
injecting external routes, 325–326
totally NSSAs, 324–326
Type 7 LSAs, 302

filtering, 326
P bit, 324

null authentication, 364
Null0 route, advertising, 670
Number of Links field (router LSAs), 305

 

O

 

octets, IP address representation, 7
offset list values

troubleshooting RIP route installation, 79–81
oilist, 630–631
one-way neighbor relationships, EIGRP, 230–232
Opcode field, EIGRP packets, 216
OpenConfirm state (BGP-4), 664
OpenSent state (BGP-4), 664
optional capability mismatch, 370–372
Options field

OSPF DBD packets, 299
OSPF Hello packets, 298–299

Options field (LSAs), 303
ORF, BGP-4 policy control, 700–702
ORIGIN attribute, policy control, 685
originating BGP routes

classful network advertisements, 749–751
misconfiguration, 746–749
misconfigured distribute lists, 752–754
missing routing table entries, 743–746

OSI reference model versus TCP/IP model, 3
OSPF, 295

%OSPF-4-BADLSATYPE error messages, 529
adjacencies, 334–335

2-way state, 336
Attempt state, 336
Down state, 335
Exchange state, 337
Exstart state, 336
Full state, 338
Init state, 336
Loading state, 338
optional capability mismatches, 370–372

areas, 315–316, 318
normal, 319
NSSAs, 321–326
stub, 319–320
totally stubby, 321

backbone
indication LSAs, 332–333
virtual links, 316–317

“could not allocate route id” error messages, 
529

DDR, 503–516
debugs, CPU utilization, 341

 

neighbor relationship
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demand circuits, 331–334
Dijkstra algorithm, 295
external routes, summarization, 497–499
link types, 305
LSAs, 295, 302–303

external LSAs (Type 5), 313–315
header fields, 303–304
network LSAs (Type 2), 307–308
router LSAs (Type 1), 304–306
summary LSAs (Type 3/4), 309–312

multiaccess media, 327–328
NBMA media, 329

broadcast mode, 329–330
point-to-multipoint mode, 331
point-to-point mode, 330

neighbor relationships
empty neighbor lists, 351–383
unadvertised default routes, 450–462
unadvertised external routes, 441–449
unadvertised summary routes, 432–440

null authentication, 364
“OSPF-4-ERRRCV” error messages, 529–531
packets, 295–297

DBD, 299
fields, 296
Hello, 297–299
link-state acknowledgment, 301
link-state request, 300
link-state update, 301

point-to-point media, 328
redistribution, 488–494
SPF calculations, 518–528
Stuck in 2-WAY state, 398–400
Stuck in ATEMPT, 383–386
Stuck in EXSTART/EXCHANGE state, 

401–417
Stuck in INIT state, 387–398
Stuck in LOADING state, 417–422
summarization, 494–496
unadvertised routes, 422–431
uninstalled external routes, 479–487
uninstalled routes, 463–478
“unknown routing protocol” error messages, 

528

outbound dual-homed BGP traffic, outbound traffic 
flows (BGP)

asymmetrical routing, 802–806
dual-homed, 798–802

load balancing, 806–812
reachability, 795–798
single exit point from AS, 791–795

outgoing interface, unadvertised IGRP routes, 
troubleshooting, 171–172

overriding OSPF metric calculation, 305

 

P

 

P bit, 324
packet drops, IGRP, 199–201
Packet Length field (OSPF packets), 297
packets, 3, 533

data-forwarding process, addressing, 4
EIGRP

IP Internal Route TLV, 216–217
Q count, 232
query process, 220
reliable, 214
TLV, 216–217

forwarding, high-speed, 25
hop-by-hop destination-based forwarding, 4
IGMP Type field, 635
IGRP, 131
IIHs, 538–539
IS-IS, 542

generic format, 543–545
TLV fields, 543–545

LSPs
direct inspection, 606–607
flooding, 552
header fields, 553–555

multicast, 625
multicast routing, 12–14
OSPF, 295–297

DBD, 299
Hello, 297–299
link-state acknowledgment, 301
Link-State Request, 300
link-state update, 301

PIM, 636–638

 

packets
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RIP
AFI, 42
Next Hop field, 41

SNPs, 556
TCP, unintentional blockages, 741–742

parameters for BGP dampening, modifying, 
771–774

partial feed, 659
Partition Bit field (LSPs), 554
passive outgoing interfaces

RIP route advertisement, 95–96
unadvertised IGRP routes, 176–178

passive routes (EIGRP), 213
payload, 4
PDUs (protocol data units), 542
peer groups, improving BGP convergence, 783–785
peering

between nondirectly connected external 
neighbors, missing routing table addresses, 
733–736

BGP-4
external neighbor relationships, 665–667
internal neighbor relationships, 667
route advertisements, 668–672

periodic LSAs, 332
periodic updates, distance vector protocols, 22
PIM (Protocol Independent Multicast)

dense mode, 625, 630–631
assert mechanism, 631–632
troubleshooting, 646–651

IGMP joins, 643–645
messages, 638–640
packets, 636–638
sparse mode, 625, 632, 651, 654–656

discovery process, 632–633
join mechanism, 633
register process, 634
RPs, 632

ping clns command, 617–619
point-to-multipoint mode (NBMA), 331
point-to-point IIHs, 539
point-to-point links, IS-IS, 536
point-to-point media, OSPF networks, 328
point-to-point mode (NBMA), 330
point-to-point serial links, IS-IS configuration, 

559–565
poison reverse, distance vector protocols, 22

poison updates, 130
policies, BGP, 661
policy control, 672–674

AS_PATH attribute, 682–685
communities, 697–699
distribute lists, 695–696
filter lists, 695
LOCAL_PREF attribute, 675–676
MED attribute, 677–682
NEXT_HOP attribute, 685
ORF, 700–702
ORIGIN attribute, 685
prefix lists, 696
route maps, 690–694

match as_path command, 692–693
match community command, 692
match ip address command, 691
set as-path prepend command, 693
set community command, 693
set local preference command, 694
set metric command, 694

WEIGHT knob, 686–688
policy routing (BGP), outbound IP traffic flows, 790

asymmetrical routing, 802–806
dual-homed connections, 798–802
reachability, 795–798
single exit point, 791–795

prefix lists, BGP-4 policy control, 696
prefixes

advertising, 668–670
synchronization rule, 671–672

assigned attributes, displaying, 726
origination

classful network advertisements, 749–752
distribute lists, 752–754
misconfiguration, 746–749

prepending AS_PATH, 682–685
preventing routing loops

DUAL, 207, 211
active routes, 213
FC, 211
FD, 211
feasible successors, 212
passive routes, 213
RD, 211
successors, 211

private IPv4 address space, 7–8

 

packets
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private peering, 660
protocol header format, OSPF packets, 296
protocol specifications, BGP-4, 662

external neighbor relationships, 665–667
internal neighbor relationships, 667
neighbor relationships, 663–664

protocol-independent commands, 24
prune mechanism, PIM dense-mode, 631
Pseudonode identifier field (LSPs), 554
PSN (pseudonodes), 539
PSNPs (partial sequence number packets), 556
public peering, 660

 

Q-R

 

Q count, 232
querier election mechanism, IGMP version 2, 627
queries

EIGRP, 214, 220
RIPs, 43

RD (reported distance), 211
reachability

EBGP multihop next hops, 774–777
IBGP next-hops, 766–771
IS-IS

ping clns command, 617–619
traceroute command, 617–619

IS-IS TLVs, 547
outbound BGP traffic flows, 795–798
RIP route installation, 52

receiver problems, IGRP uninstalled routes, 142
receiving updates, RIP, 33–35
redistribution

EIGRP, 280–286
external routes into IS-IS, 570–573
IGRP metric, defining, 191–194
into NSSAs, filtering Type 7 LSAs, 326
IS-IS, misconfiguration, 611
OSPF, 488–494
RIP, 113–116

redundancy
dial backup links

EIGRP, 286–290
IGRP, 194–198

virtual links, 316
register message (PIM), 638
register process, PIM sparse mode, 634
reliable EIGRP packets, 214
Remaining Lifetime field (LSPs), 553
replies (EIGRP), 214
resolving EIGRP SIA errors, 240–250
reviewing EIGRP neighbor changes, 228–229
RFC 1771, synchronization rule, 671–672
RIDs (router IDs), 659

best-path selection, 821–823
RIP (Routing Information Protocol)

authentication, 42
compatibility issues, 43
DDR, 116–122
default routes, 39–40
discontiguous networks, 36–37
flapping routes, 122–124
hop count, 29
metrics, 29–30
missing subnetted routes, 106–109
Next Hop field, 41
packet behavior, 31
packets, AFI, 42
redistribution, 113–116
route advertisements, 86

blocked routes, 91–93
broken multicast capability, 96–98
down network interface, 93–94
down outgoing interface, 89–91
misconfigured neighbor statement, 

99–100
passive outgoing interface, 95–96
sending RIP routes, 86
split horizon, 102, 105–106
VLSM routes, 100–102

route installation, 52
split horizon, 30–31
subnet masks, 41
summarization, 109–113
timers, 30

 

RIP
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uninstalled routes, causes of, 52
blocked RIP broadcast, 63–65
blocked source address, 60–63
discontiguous networks, 71–74
distribute list incoming routes, 58–60
equal-cost paths, 83–86
hop count exceeded, 81–83
incompatible RIP version, 65–68
incorrect network statements, 53–56
invalid sources, 74–76
Layer 2 problems, 76–78
line protocol in down state, 56–58
mismatched authentication key, 68–71
offset list value too high, 79–81

updates
receiving, 33–35
sending, 31–33

version field, 43
VLSM, 37–39

RIP-2
multicast, 42
Route Tag field, 40–41

route advertisements
EIGRP, 250

discontiguous networks, 252–253
misconfigured distribute lists, 251–252
split-horizon, 253–256
unexpected advertisements, 257–259
unexpected metrics, 259–263

IGRP, 168–188
OSPF, troubleshooting unadvertised routes, 

422–431
route dampening, 702–706
route flapping, EIGRP, 271–275
route installation

EIGRP, 264
summarization, 265–270

OSPF
uninstalled external routes, 479–487
uninstalled routes, 463–478

route maps, BGP-4 policy control, 690–694
communities, 697–699
distribute lists, 695–696
filter lists, 695
match as_path command, 692–693
match community command, 692
match ip address command, 691

ORF, 700–702
prefix lists, 696
set as-path prepend command, 693
set community command, 693
set local-preference command, 694
set metric command, 694

route origination (BGP)
classful network advertisements, 749–751
misconfiguration, 746–749
misconfigured distribute lists, 752–754
missing routing table entries, 743–746

route redistribution, OSPF, 488–494
route reflection, 707–711, 778

client-to-client, 780–782
cluster design, 757–758
identical cluster IDs, 785, 788–790
misconfigured IBGP neighbor, 779–780
peer groups, 783–785

route summarization
EIGRP, 276–280
OSPF

external routes, 497–499
troubleshooting, 494–496

route tag field (RIP-2), 40–41
route-flapping, IS-IS, 612–616
Router Dead Interval field (OSPF Hello packets), 

299
Router ID field (OSPF packets), 297
router LSAs (Type 1), 302–306
routers

convergence, 129
high-speed packet forwarding, 25
OSPF

adjacencies, 334–338
link types, 305

routes, poisoned, 22
routing domains, IS-IS, 536
routing loops, 30

DUAL, 207, 211
active routes, 213
FC, 211
FD, 211
feasible successors, 212
passive routes, 213
RD, 211
successors, 211

 

RIP
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IGRP
split horizon, 130
split horizon with poison reverse, 130

routing policies, BGP-4, 672–674
AS_PATH attribute, 682–685
LOCAL_PREF attribute, 675–676
MED attribute, 677–682
NEXT_HOP attribute, 685
ORIGIN attribute, 685
WEIGHT knob, 686–688

routing protocols
administrative distance, 24
classful, 29
distance vector

convergence, 19–20
counting to infinity, 21
holddown, 21
loop avoidance, 20–21
metrics, 19
periodic updates, 22
poison reverse, 22
split horizon, 22
triggered updates, 22

EIGRP, 207
behavior, 218–219
convergence, 207
default routes, 221
DUAL, 207, 211–213
IP Internal Route TLV, 216–217
metrics, 208–209
neighbor relationships, 209–210
packet fields, 216–217
query process, 220
RTP, 214
summarization, 219–220
unequal-cost load balancing, 221–223

IGRP
behavior, 131
default routes, 132–133
metrics, 127–129
packets, 131
split horizon, 130
split horizon with poison reverse, 130
timers, 129–130
unequal-cost load balancing, 133–134

link-state, 23–24

OSPF, 295
adjacencies, 334–338
areas, 315–326
demand circuits, 331–334
external LSAs, 313–315
LSAs, 302–304
multaccess media, 327–328
NBMA media, 329–331
network LSAs, 307–308
packets, 295–301
router LSAs, 304–306
summary LSAs, 309–312
virtual links, 316–317

unicast versus multicast, 13–14
routing tables

BGP
uninstalled EBGP-learned routes, 

771–777
uninstalled IBGP-learned routes, 

763–771
EIGRP, nonexistent summarized routes, 

276–278
IGRP

flapping routes, 198–201
uninstalled routes, troubleshooting, 

142–166
OSPF

uninstalled external routes, 479–487
uninstalled routes, 463–478

routing updates, 606–607
IS-IS

redistribution into Level 1, 611
route advertisements, 607–611

RPF (reverse path forwarding), 628–630
RPF check failure, 650
RPs (rendezvous points), 632
RTO (retransmission timeout), 232
RTP (Reliable Transfer Protocol), 214
Rtr Pri field (OSPF Hello packets), 299

 

Rtr Pri field (OSPF Hello packets)
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scalability, IBGP
AS confederations, 711–712
route reflectors, 707–711

security
authentication, null authentication, 364
IS-IS, authentication, 548

selecting BGP best-path, 821–827
sender problems

IGRP uninstalled routes, troubleshooting, 142, 
168–188

uninstalled IGRP routes, 163–166
sending RIP routes, 31–33, 86

blocked routes, 91–93
broken multicast capability, 96–98
down network interface, 93–94
down outgoing interface, 89–91
misconfigured neighbor statement, 99–100
missing network statement, 87–89
passive outgoing interface, 95–96
split horizon, 102, 105–106
VLSM routes, 100–102

Sequence field (EIGRP packets), 216
Sequence Number field (LSPs), 554
serial links (point-to-point), IS-IS configuration, 

559–565
servers, route reflectors, 757
set as-path prepend command, implementing in 

route maps, 693
set community command, implementing in route 

maps, 693
set local preference command, implementing in 

route maps, 694
set metric command, implementing in route maps, 

694
show clns interface command, 564, 586
show clns neighbors command, 586
show clns neighbors detail command, 563

field definitions, 588
show clns protocol command, 562–563
show ip bgp command, 726
show ip bgp neighbor command, 726
show ip bgp neighbors command, 726–727
show ip bgp summary command, 726
show ip eigrp neighbor command, 210

show ip eigrp topology active command, 242– 245
show ip protocols command, 56
show ip route command, 12, 56, 134, 142
show isis database command, 586
show isis topology command, 565, 586
SIA (stuck in active) route errors, 220

EIGRP, 240–250
SNPs (sequence number packets), 556
source validity checks, failure on IGRP networks, 

159–161
sparse mode (PIM), 625, 632

discovery process, 632–633
join mechanism, 633
register process, 634
RPs, 632
troubleshooting, 651, 654–656

SPF algorithm, 17
IS-IS decision process, 558
OSPF, 518–528
triggers, 614–615

split horizon, 130–131
distance vector protocols, 22
EIGRP, 253–256
RIP, 30

poison reverse. 31
route advertisement, 102, 105–106

unadvertised IGRP routes, troubleshooting, 
184, 187–188

SRTT (smooth round-trip time), 232
standard access lists

BGP filtering, unfiltered subnets, 828–830
debug ip bgp update command output, 727

static routing, 4, 11
stub areas, 319–320
Stuck in 2-WAY state, 398– 400
Stuck in ATTEMPT, 383–386
Stuck in EXSTART/EXCHANGE state, 401–417
Stuck in INIT state, 382, 387–398
Stuck in LOADING state, 417–422
subnet masks, RIP, 41
subnets, 12

autosummarization, 106–109
discontiguous, uninstalled IGRP routes, 

155–158
masks, 8

 

scalability, IBGP
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successors (EIGRP), 211
summarization

EIGRP, 276–280
OSPF

external routes, 497–499
troubleshooting, 494–496

RIP, 109
excessively large routing table, 110–113

summary ASBR LSAs (Type 4), 302
summary LSAs (Type 3), 309–312
summary network LSAs (Type 3), 302
summary routes, unadvertised, 432–440
supernets, 10
synchronization

BGP routes, disabling, 766
IS-IS, 555–557

synchronization rule (BGP-4), 671–672
synchronized BGP routes, propagating to neighbor, 

761–762
System identifier field (LSPs), 554

 

T

 

TCP (Transmission Control Protocol), unintentional 
packet blockages, 741–742

TCP/IP (Transmission Control Protocol/Internet 
Protocol)

IP addressing
CIDR, 10
classes, 5–7
media independence, 5
private address space, 7–8
subnets, 12
subnetting, 8

IP protocol, 3
versus OSI reference model, 3

three-way reliable adjacencies, 540
timers, RIP, 30
timers basic command, 130

TLV (Type/Length/Value), 216–217
IP Internal Route, 216–217
IS-IS packets, 543–545
LSP TLVs, 547
metric information, 545–548

topologies, IS-IS, displaying, 565
topology table (EIGRP)

convergence, 19–20
diffused computation, 213
local computation, 213

ToS field (router LSAs), 305
ToS field (summary LSAs), 310
ToS Metric field (router LSAs), 305
ToS metric field (summary LSAs), 310
totally NSSAs, 324–326
totally stubby areas, 321
traceroute command, 617–619
traffic

EIGRP, unequal-cost load balancing, 221–223
IGRP

load balancing, 168
unequal-cost load balancing, 133–134

transit links, identifying attached routers, 308
transit peering, 660
triggered updates, distance vector protocols, 22
Type 1 LSAs, 304–306
Type 2 LSAs, 307–308
Type 3 LSAs, 309–312
Type 4 LSAs, 309–312
Type 5 LSAs, 313–315

comparing to Type 7, 322
Type 7 LSAs

filtering, 326
NSSAs, 321–324

Type field
IGMP packets, 635
OSPF packets, 296
router LSAs, 305

Type field
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U

 

unadvertised IGRP routes
broadcast capability, 178–180
default route candidates, 188–191
distribute lists, 173–174
misconfigured neighbor statement, 180–181
misconfigured network statement, 169–171
network interface, 175–176
outgoing interface, 171–172
passive outgoing interface, 176–178
split horizon, 184, 187–188
troubleshooting, 169
VLSM, 182–184

uncommon subnets, EIGRP, 233–235
unequal-cost load balancing, 133–134

EIGRP, 221–223
IGRP, 133–134

variance, 201–204
unexpected metrics, EIGRP, 259–263
unexpected route adverisements, EIGRP, 257–259
unicast routing versus multicast, 12–14
unicasts, 625
unidirectional links, EIGRP, 230, 232
uninstalled routes

EBGP
dampening, 771–774
infinite MED value, 777
unreachale multihop EBGP next hop, 

774–777
EIGRP, 265–270
external (OSPF), 479, 481–487
IBGP

synchronization, 763–766
unreachable next-hops, 766–771

IGRP
receiver problems, 142
sender problems, 168–188
troubleshooting, 142–166

OSPF, 463–478
RIP, 52

“unknown routing protocol” error messages, 528
unreachable IBGP next hops, 766–771
unreliable EIGRP packets, 214
update packets (EIGRP), 214
update process (IS-IS), 555

update timers
IGRP, 129
IS-IS, 556–557
RIP, 30

updates
IGRP, poison updates, 130
RIP

receiving, 33–35
sending, 31–33

utilization (CPU), OSPF, 499–503

 

V

 

variable-length subnet mask. 

 

See

 

 VLSM
variance, 201–204
variance command, 133–134, 221–223
Version field

EIGRP packets, 216
RIP, 43

Version Number field (OSPF packets), 296
virtual links, 316–318
VLSM (variable-length subnet mask), 9

RIP, 37–39
route advertisement, 100–102

unadvertised IGRP routes, troubleshooting, 
182–184

 

W

 

WEIGHT knob, policy control, 686–688

 

unadvertised IGRP routes
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