10: OSPF Tuning and
Troubleshooting




10 - Sections & Objectives

= 10.1 Advanced Single-Area OSPF Configurations (23 © 9<% osPF +4)

» Configure the OSPF interface priority to influence the DR/BDR election. (bR /BDR Al&{0f] 4&2 FE 2 OSPF

QIEHO|A 24 =% #4)
» Configure OSPF to propagate a default route. (C|ZE 2R EZ MO} 2 OSPFE T4)
* Configure OSPF interface settings to improve network performance. (M EQ3 45 42 28 OSPF QIE{T| 0] A

23y 24

= 10.2 Troubleshooting Single-Area OSPF Implementations (22 &< ospF 73 25X 3 Z)

* Explain the process and tools used to troubleshoot a single-area OSPF network. (=t @9 ospF I E3
=M E sl A5t= O ArEEl= Z2MA =)

* Troubleshoot missing route entries in the single-area OSPFV2 routing table. (2 A9 osPrv2 212 & H|0[20f A

FEE ARE g5 EMH dH2E)

* Troubleshoot missing route entries in a single-area OSPFv3 routing table. (ct2 @9 osPrv3 2t 2 E| 0|0 A

+= & 32 g5 X 8E)

* Troubleshoot missing route entries in multiarea OSPFv2 and OSPFv3 routing tables. (ct5 d< osprv2 &
OSPFv3 2t 8 H|O[S0|M F2tE 2R E a5 =X H i Z)



10.1 Advanced Single-Area
OSPF Configurations



OSPF Network Types

Point-to-point

Broadcast
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Nonbroadcast

Point-to-multipoint

Virtual links

e Two routers

interconnected over a
common link. (=
2JdE Sl N2 HZE
S Hel et2RH)
No other routers are on
the link. (230l Ct2

2t EIF ASLICE)
Common configuration in
WAN links. (& WAN
2l 39 2 & IL|CE.)

multiaccess

* Multiple routers

interconnected over an
Ethernet network. (Ol 4!
HERKIE Sl M2
HZE e 2t2RH)
Ethernet LANs are the
most common example of
broadcast multiaccess
networks. (0|4 LAN2
B2t HAE U=
LpsllEs B = SIE T2y
2B Ol o 2 LICY.)

multiaccess (NBMA)

* Multiple routers
interconnected in a
network that does not
allow broadcasts. (E2&
MHNAEE SIS0tk H=
HEAIUA s AZ &
0 ctH.)

» The Frame Relay WAN
protocol is an example
NBMA network. (=il &
20l WAN ZE2E=S2
NBMA HIERIZ 2
ol 2 LICH)

Multiple routers
interconnected in a hub-
and-spoke topology over
an NBMA network.
(NBMA HIERIZDE S
G2 Y LS
EZSZNZE &s HEE
ed etH))

Often used to connect
branch sites (spokes) to a
central site (hub). (XI &
AMOIE (AEDE S
AOIE (A E)Hl H&Eot=
Ol Xt= At=E LICH)

e Special OSPF network
used to interconnect
distant OSPF areas to the
backbone area. (&2
OSPF 38 = 8= A0
/\Fsa HAdot=0 AtE &=

= OSPF UIE®3)

e

ﬁ--.z_{. - S -~ |

Area 0 Area " Area 51
&
-6 -8




Advanced Single-Area OSPF Configurations
Challenges in Multiaccess Networks

= Multiaccess networks create two challenges regarding the flooding of OSPF LSAS. (ZE| %M L EQAE= OSPF

LSAS| 221} 2EHGI0 = 7HX| X & €22 5 USLILCH)

OSPF Challenges Description

« Ethernet networks could potentially interconnect many Routers Adjacencies
OSPF routers creating numerous adjacencies with every n bz
. router. (OIHY HIERI D= X2 OSPF etREHE &S5 HAGIH 2= 4 6
Creation of 2IOEIQ 2 S UFAS OS & USLICEH)
multiple 5 10
adjacencies . Us.e the n (n-1) /.2 formula to calculate the numper of 0 e
(CHE QB A MA) adjacencies required for any number of routers (i.e., n) on
a multiaccess network. (n (n-1) /2 2412 AIE6H0 TS MM A 20 190
HERKAIUAN REE ctSH = (5, n)0ll 2R 218 =5 A& =
ASLICE) 50 1225

_ * Link-state routers flood their link-state packets when OSPF is initialized, or when there is a
Extensive change in the topology. (23 &Ef 2tSE = OSPFIl 2|8t HL EZ2 X0l B0l AS [ 213 AHEH
flooding of LSAs HaS SFE AIZLITH)
(LSASl B8t E24)
* This flooding can become excessive. (ER40| W&ol & & JASLICH)
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OSPF Designated Router

= On multiaccess networks, OSPF elects a DR to be the

collection and distribution point for LSAs sent and received. (ct&
AN~ HELF0M OSPF= DRO| =418t LSAS| =% X = X|HO| £| =& DRS
MESHLCE)

A BDR is also elected in case the DR fails. If the DR stops producing

Hello packets, the BDR promotes itself and assumes the role of DR.
(DRO| HIj{ot 420 = BDRO| B4 E LTt DRO| Hello If 2! 442 SX[5H BDRO|

AtH| S4%t DR 9 S HEY L)

All other non-DR or BDR routers become DROTHER (a router that is
neither the DR nor the BDR) and DROTHERSs only form full adjacencies
with the DR and BDR in the network. (Ct2 2= H| DR == BDR 2t HE
DROTHER (DR &= BDRO| Ot 22 )7} £/ DROTHER= HE 32| DR &
BDRZf 25| QI ASLIC)

Instead of flooding LSAs to all routers in the network, DROTHERS only
send their LSAs to the DR and BDR using the multicast address
224.0.0.6 (all DR routers). (DROTHERsE W ER 39| 2 E 2t2HO| LSAS

E2Y5l= A HE| HHAE FA 224.0.0.6 (2 DR 2H2E)S AFESI0] LSAS DR
5! BDRZZH 2 HL|C})
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Verifying DR/BDR Roles

OSPF has automatically elected a DR and BDR.

(OSPF= A& 2 Z DR % BDRS METL|LC}H)

Area 0
172.16.2.0/24
GO/ |.1
RID: 2.2.2.2
BDR
G0/0 |.2
192.168.1.0/28
172.16.1.0/24 172.16.3.0/24

RID: 1.1.1.1 RID: 3.3.3.3
DR

* R3is the DR because of its higher router ID. (R32 2t%H ID7}

=7| liZ0{ DRYLICE)

* R2is the BDR because of its 2nd highest router ID. (R2= F

HM 2 =2 2t2H ID2 218 BDRY LICT)

« Rlis a DROTHER. (R12 DROTHERL|C}))

Verify the roles of the OSPFv2 router using the

show ip ospf interface command. (show ip ospf
interface B A2 AF23l0] OSPFv2 22 EH ol IS &tolst &~
ALt

R3# show ip ospf interface GigabitEthernet @/e
GigabitEthernet®/® is up, line protocol is up
Internet Address 192.168.1.3/28,Area 0,Attached via Network Statement
Process ID 1@, Router ID 3.3.3.3, Network Type BROADCAST, Cost: 1
Topology-MTID Cost Disabled Shutdown Topology Name

e 1 no
Transmit Delay is 1 sec

Timer interva configured, Hello 18, Dead
oob-resync timeout 48
Hello due in @0:80:82

Supports Link-local Signaling (LLS)

Cisco NSF helper support enabled

IETF NSF helper support enabled

Index 2/2, flood queue length @

Next 8x8(8)/axa(8)

Last flood scan length is 3, maximum is 3

Last flood scan time is & msec, maximum iz @ msec
i i ] count is 2

Note: For the equivalent OSPFv3 command, simply substitute ip with ipv6.
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Verifying DR/BDR Adjacencies

= Verify OSPFv2 adjacencies using show ip ospf neighbor. (show ip ospf neighborE At2310] OSPFv2 Q1T A& &Holst 4

ol | |C
Mme | |-) R1# show ip ospf neighbor
Area 0 Neighbor ID Pri State Dead Time Address Interface
172.16.2.0/24
80:00:36 192.168.1.2 GigabitEthernete/e
GO/1].1 3.3.3.3 ULL/DR ©:00:35 192.168.1.3 GigabitEthernet/o
RID: 2.2.2.2
= BDR
G0/0 .2 R2# show ip ospf neighbor
192.168.1.0/28 MNeighbor ID Pri State Dead Time Address Interface
172.16.1.0/24 172.16.3.0/24 1.1.1. I ER ©9:00:31 192.168.1.1 GigabitEthernet@/o

90:80:39 192.168.1.3 GigabitEthernete/e

RID: 1.1.1.1 RID: 3.3.3.3
DR R3# show ip ospf neighbor
° Routers can be |n the fO”OW'ng States Neighbor ID Pri State Dead Time Address Interface
(El._C')_ E-IE I:I-%J—I_I- 75}.% gEH% _)'\_ %ﬁ Ll I:I-) - UL JTHER @@:80:34 192.168.1.1 GigabitEthernet@/e
® FULL/DROTHER 2.2.2.2 ULL/BDR ©0:00:39 192.168.1.2 GigabitEthernete/e
* FULL/DR
* FULL/BDR

« 2-WAY/DROTHER Note: For the equivalent OSPFv3 command, simply substitute ip with ipv6.




Advanced Single-Area OSPF Configurations
Default DR/BDR Election Process

= The OSPF DR and BDR election decision is based on the following criteria, in sequential order: (ospPr bR %
BDR & 2E2 L3 7|20 et =XtH ez ZFE L)

1. The routers in the network elect the router with the highest interface priority as the DR. (HIE¥ 39| 2} E{= QI EH0|A 24M
=97t 7t =& 2t HE DRE MEigtLCL)

« The router with the second highest interface priority is elected as the BDR. (& HWZ =2 QHL0|A M +=2|E 7%l 2t2H 7t BDRZ
MEELICE)
+ The priority can be configured to be any number between 0 — 255 but the default priority is 1. (24 =%/& 0 - 255 AFO|Q] X2 7+ &
= UX|BH 7|2 M =2l= 124 Ct)
2. Ifthe interface priorities are equal, then the router with the highest router ID is elected the DR. (Q/E{H0]A M &=2|7}
ZoH 22H D7t 7t =2 2t 27 DRE MEEL|C})
+ The router with the second highest router ID is the BDR. (5% HMZ =2 2t2H IDE 7t7! 2t2H & BDRYLICH)

= Recall that the router ID is determined in one of three ways: (2t2H ID= CH2 Ml 7HX| @Y 5 stLt2 ZF g LICh)

e The router ID can be manually configured. (2t2H IDE 822 74 & 5 UASLICH)

« If no router IDs are configured, the router ID is determined by the highest loopback IPv4 address. (2t H ID7} & X| 2
42 22H IDe 7t 52 FIH |pvg A0 oo 27 E LICL)

« If no loopback interfaces are configured, the router ID is determined by the highest active IPv4 address. (=& QIE{H 0| AT}
THEX| %2 B2 22 H D= 71 =2 849 Ipv4 F20| oot ZFELITH)

Note: In an IPv6 network, if there are no IPv4 addresses configured on the router, then the router ID must be manually configured with the

router-id rid router configuration command; otherwise, OSPFv3 does not start. (&2 : IPv6 UIERI QWA 2tEO0 IPv4 =401 2E T UK
2 © ™ router-id rid router configuration H 2 2 2 2IRE IDE =522 P A OLELICH OE X 22H OSPFv30| Al & E Xl &2&LICEH)
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DR/BDR Election Process

= After the DR is elected, it remains the DR until one of the following events occurs: (Dro| M&{&l o= CHe O|HIE

S otLtot 2de L77HX| DREZ FA|ELIC)

The DR fails. (DRO| ATjjstL|Ct)
The OSPF process on the DR fails or is stopped. (DRQ| OSPF Z 2N A7} HIfStHLE SX| £ FELICH)

The multiaccess interface on the DR fails or is shutdown. (DRQ| Ct& UM A QIHI|O|A T} ATt AL ZEE|AESLICEH)

= OSPF DR and BDR elections are not pre-emptive. (0OSPF DR % BDR M7{& MEst 4= gi&LICt)

If a new router with a higher priority is added to the network after the DR election, the newly added router does not take
over the DR or the BDR role because those roles have already been assigned. (DR M8 = M =27} O =2 Af 2t E 7t
HESZO =7t M2 =7t & 2t2H= dig 20| oj0] 2 =7 =20 DR == BDR S 2 CHASHA| G5 LITE)

If the DR fails, the BDR is automatically promoted to DR even if another DROTHER with a higher priority or router ID is
added to the network after the initial DR/BDR election. (7| DR/BDR M& & M 2|7} [ &2 Ct2 DROTHER E£+& 2t2H ID7}
HESZO| =7t £|HE2tz, DRO| HIi5tH BDRE A& 22 DRE 4 & LICt)

After a BDR is promoted to DR, a new BDR election occurs and the DROTHER with the higher priority or router ID is

elected as the new BDR. (BDRO| DRZ 52 &l = Al BDR ME{O| 2435t 2M 2|7} &£ 2 DROTHER == 2t2H ID7t Af BDRZ
MESEL|CE)
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The OSPF Priority

= To control the DR and BDR election, the priority of an interface can be configured using: (bR % BDR M= &

Hofot7| fls CH22 AF85HY QIHE 0|20 M +2IE +EY 5= ASFLICH)
* ip ospf priority value - OSPFv2 interface command (osPFv2 QIE I 0| A B H)
* ipv6 ospf priority value - OSPFv3 interface command (0osPFv3 QIE{ H 0|~ B &)

= The value can be: (zt2 ct2at 2L ct)

e 0 - Does not become a DR or BDR. (DR =+ BDRO| &|X| g&L|CH)
« 1 - 255 - The higher the priority value, the more likely the router becomes the DR or BDR on the
interface. (24 #9| 30| 5242 212 E 7t QE T 0|20 M DR £+& BDRO| € 7H540| E&LICt)

T Tl HA T=2T ™
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Changing the OSPF Priority

= Changing the priority value on an interface from 1 to a higher value would enable the router to

become a DR or BDR router during the next election. (2IE{mo|A9 &M £ 7S 10|M O £ 702 MZASIHM Ot
MEHA| B}2E{7} DR = BDR 2t2E 7t € £ Q&L|CH)

* Priority changes do not automatically take effect because the DR and BDR are already elected. (pr %
BDRO| O|0] MEHL| lobz 24 &9 HE0| Ars2 2 HEL[X| RS LIC)

= To force an election, use one of the following methods: (M&g Z# 2 AIZtstA sl @ oS W 5 3Lt
A&LCH)

i

A8 e

« Shutdown the router interfaces and then re-enable them starting with the desired DR, then the desired

BDR, and then all other routers. (2t QEI0|AE 23t C}S 5l= DR, Y= BDR X 7|Ef R E 2L E L A|ZISH0] CHA|
MBS AIR)

* Reset the OSPF process using the clear ip ospf process privileged EXEC mode command on all
routers. (2 & 2t E 0| A clear ip ospf process privileged EXEC mode H &S AHE2510] OSPF ZZ M A S X HYSIMAIR)
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Packet Tracer 1 - OSPF in Multiaccess Networks

192.168.31.33/32

-y
RC

Al A T
[ & =H]
O S 192,168,31.22/32
- DRI BDRYY HE HE i
o A0 O S 3
- OSPF &4 =% HE A 4/ M= '
192,168.1.2/24
Lo Lo
192,168.31.11/32
e
F"?ﬁ -
RA 192,168.1.1/24 S1 192,168, 1.3/24
Device Interface IP Address Subnet Mask
RA GO0/0 192.168.1.1 255.255.255.0
LoO 192.168.31.11 255.255.255.255
RB GO0/0 192.168.1.2 255.255.255.0
LoO 192.168.31.22 255.255.255.255
RC GO0/0 192.168.1.3 255.255.255.0
LoO 192.168.31.33 255.255.255.255
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Packet Tracer 1 - OSPF in Multiaccess Networks

1.DR Y BDR YT HA HE
1CHA - S EM 23 EA|S0| Mo 2 HhE [ 77HX| 7| CHRIL T
2 CHA| - SiX| OSPF QI ME{E =tolstL|Ct..

DR2 O{H 2tEH Y L|7}?
BDR2 O{ 2t E{L|7}?

3 CHA ;1P OSPF Q1 C|H A S ZALICt.

CIH 1 Y2 AME S0 DR X BDR MEH ZENAE ZLEHY & 5
RA# debug ip ospf ad]
RB# debug ip ospf ad]

$0

ATHA - RCO|A 7| 7HH| E O|H Y 0/0 QI I 0| A H|Z-d3tetL Tt

RCOH A9|%| AtO|o| SE H|EHABI50] Of3t
RA 3 RBO| M G| = EtO|0{7} 2t & m7tx| of
MEfe|oin o 297} BDRE M e E|QU& LIt

5 CHAl - RCOIIA 7| 7IH| E O|E Ul 0/0 QEH|O| A5 SRR LT}

RC2t A9|X| AtO|2] A E CHA| 2detotiAl=2.
MZ2 DR/BDR M7{7} O|20{ & W{7}X| 7|C}2|AA|2. DR % BDR &

a0

| 8 | ASLI? O 0|f= BFAQAZIR?
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Packet Tracer 1 - OSPF in Multiaccess Networks

= 6 Tt RBOIA 7| 7HH| E O] 0/0 Q1B I 0| A5 H| - stetL .
« RB2t 22X AtO|2] FAE H|Z-Folol dts HEoIHAL.
« RASIRCOM ZELIZ EfOIUPf Tt 7 QF = S 7|CE| M A 2. RAS| LI =&{0f [H=H DREZ & &

00
O

= O|7<1| DROI-_'L RC= O|X| BDRY L|C}.
= 7 CHA  RBOJAM 7| 7HH|E OIH S 0/0 QIE{HO|AE SRITLICE

« RBEI AL2[X| ALO|Q| B E CHA| Y3t AIR

+ MZE& DR/BDR M7} O|F0{ & Iy7tX| 7|Ct2 I*'AIE. DR % BDR 9&t0| #HZ E|}&EL77t? O 0|F= FAQ7t8?
- 8 BtA| . CIHE = & LICL

« RA % RBO|AM 25 undebug B2 2&st0] C|H 2 HIZYSISIMAIL.

2.OSPF &M =% =8 U Z4H| M=
= 1 CHA 2 2R H O OSPF M _%’—IE TS AR,
- DR %! BDRE H@5l2{™ CtZ OSPF QIHL|O|A M &2 2 Zt 2t 2| 7|7HH|E o[l 0/0 ZEE /5t A| 2.
« RA: 200
« RB: 100
* RC: 1 (This is the default priority)
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Packet Tracer 1 - OSPF in Multiaccess Networks

= 2 B A9X|E CHA ZES10] UHE 2L,

o I clear ip ospf process @ E 2 2tRLEHOAM AL S OSPF ZENAE EYE == JSL|CH
= 3 &7 : DR & BDR MAHZ} 45X QIX| ialé. L|Ct.
. OSPF7F +=HE| 1 DR/ BDR MEHO| Ehlie Wf7kX| 7|Ch2|d Al 2. H 20| AQE LTt el 7] A|Zt2 S &5t

g
ZRNASES 5Y 4 YBLC

o Mol FHO| =0 =M A O 2}2E 7t DRO|L O 22 EH 7 BDRYL|7H? RA= O|X| DRO|XX RB= O|X|
BDR Y L|LC}.
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Default Route Propagation

= An OSPF ASBR router (aka, edge, entrance, or the gateway router) connects to the Internet and can be

configured to propagate a default route to other routers in the OSPF routing domain. (OSPF ASBR 2t F (2,
O[], &7+ E= 70| EQO] 2t H)= AU HALD 7|2 Z2E OSPF 2t 8 =0 Qo CHE 2t EHE MOt E e = ASLICH)

R2(config)# ip route 0.0.9.0 9.0.0.0 209.165.200.226

. . . R2(config)i
= To propagate a default route, R2 is configured with: (7| R2(config)# router ospf 10
d2E FIst?| 9o R2= CHE1F 20| g E LTt

R2(config-router)# default-information originate
R2(config-router)# end

« A default static route. (CIZE X F2)
Area 0

e iproute 0.0.0.0 0.0.0.0 {ip-address | exit-intf} command. 172.16.2.0/24

209.165.200.224/27

LoO Internet J

* The default-information originate router config mode Bl
command to propagate the default route in OSPF updates. :
(default-information originate : OSPF H|O|EO|AM CIEE Z2E
Hutstr| fle 22y 7+ 25 FE)

G0J/O GO/0

172.16.1.0/24 182.168.1.0/24



Advanced Single-Area OSPF Configurations
Verifying the Propagated Default Route

= Use the show ip route command to verify the default route settings. (show ip route &g 0|83%}0] C|ZE 4

¥yg HoY 4 ALt

Area 0 R2# show ip route | begin Gateway
172.16.2.0/24

r of 1

3 [1/8] wvis » LO =
172.16.9.8/16 is variably subnetted, 5 subnets, 3 masks
172.16.1.8/24 [11e/65] via 172.16.3.1, 8@:81:44,
Seriale/e/e

172.16.2.8/24 is directly connected, GigabitEthernete/e
172.16.2.1/32 is directly connected, GigabitEthernete/e
172.16.3.8/30 is directly connected, Seriale/e/e
172.16.3.2/32 is directly connected, Serial@/e/e

50/0/1  192.168.10.4/30 192 .168.1.8/24 [118/65] via 192.168.18.10, #0:81:12,
G0/0 Seriale/e/1
192.168.10.8/24 is variably subnetted, 3 subnets, 2 masks
172.16.1.0/24 192.168.1.0/24 192.168.10.4/30 [110/128] via 192.168.10.10, 00:01:12,

Seriale/e/1

[118/128] via 172.16.3.1, ©8:81:12, Seriale/e/e
192.168.10.8/30 is directly connected, Seriale/e/1
192.168.18.9/32 is directly connected, Serial@/e/1
209.165.200.8/24 is variably subnetted, 2 subnets, 2 masks
209.165.200.224/30 is directly connected, Loopbacke
209.165.200.225%/32 is directly connected, Loopbacke

R1# show ip route

Gateway of last resort is 172.16.3.2 to network 0.0.0.0

O*E2 0.0.0.0/0 [110/1] wia 172.16.3.2, 00:19:37, Serial0/0/0

172.16.0.0/16 is wvariably subnetted, 5 subnets, 3 masks
C 172.16.1.0/24 is directly connected, GigabitEthernet0/0
L 172.16.1.1/32 is directly connected, GigabitEthernet0/0
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Propagating a Default Static Route in OSPFv3

= To propagate a default route, the edge router (R2) must be configured with: (C|Z2£ Z 22 ®utsi2{™ Edge
2t2H (R2)E L2 20| d5ioF gLct)

» A default static route using the ipv6 route ::/0 {ipv6-address | exit-intf} command. (ipv6 route ::/0 {ipv6-address | exit-intf}
FHS 0|8310] C|ZE X B2 2%)

* The default-information originate router configuration mode command. (2t E 2448 ZE0|A default-information
originate F & ALE)

Area 0 R2(config)# ipve route ::/0 2001:DB8:FEED:1::2
R2(config)d
2001:DB8:CAFE:2::/64 R2(config)# ipvé router ospf 10
R2{config-rtr)# default-information originate
2001:DB8:FEED: 1::/64 R2(config-rtr)# end

FEB0::2 Lo0 R2#
00/ Internet :} *Apr 10 11:36:21.995: ¥5YS-5-CONFIG_I: Configured from console by console
S050/f
o2 R2i#

2001:DBB:CAFE:A001::/64 2001:DB8:CAFE:A002::/64

-E80::1

2001:DB8:CAFE:1::/64 2001:DB8:CAFE:3::/64
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Verifying the Propagated IPv6 Default Route

= Verify the default static route setting on R2 using the show ipv6 route static command. (show ipvé route static

YYS AH8SI0l R20|M CIZE PN Z= 282 =olgd 5 AFLI)

Area 0 R2# show ipv6e route static
IPv6 Routing Table - default - 12 entries
2001:DB8:CAFE:2::/64 Codes:C -Connected, L - Local, 5 - Static, U - Per-user 5Static route
B -BGP, R - RIP, H - NHRP, I1 - ISIS L1
2001:DB8:FEED:1::/64 I2 -IS5IS L2, IA - ISIS interarea, IS-ISIS summary,D-EIGRP

FE8D::2 LoO EX -EIGRP external, ND-ND Default,NDp-ND Prefix,DCE-Destinatiom
0/0/0 nremet ) NDr -Redirect, O - OSPF Intra,0I-OSPF Inter,OE1-OSPF ext 1
12

OE2 -O5PF ext 2, ON1 - OSPF NS5A ext 1, ON2 - OSPF N55A ext 2

2001:DBB:CAFE:A001::/64 2001:DB8:CAFE:A002::/64 S s fa 1

“EB0::1

2001:DB8:CAFE:1::/64 2001:DB8:CAFE:3::/64
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Packet Tracer 2 - Propagating a Default Route in OSPFv2

172.16.2.0/24

209.165,200,224(27

&
[HE =H] g—.—od-o—..‘ e ey
-  Default route ™ J.L|- ez 52 R2 Internet Web Server
74 30 192, 168.10.8/30 aREN
) g = %'I- '—l 172.16.3.0/30
192.168.1.0/24
172.16.1.0/24 - P
— ,_.-'..I. ‘ !
g_'#..ﬂ_ 4 —
Tect s1 R1 192.168.10.4/30 R3 PC3
Device Interface IPv4 Address Subnet Mask Default Gateway
G0/0 172.16.1.1 255.255.255.0 N/A
R1 S0/0/0 172.16.3.1 255.255.255.252 N/A
S0/0/1 192.168.10.5 255.255.255.252 N/A
G0/0 172.16.2.1 255.255.255.0 N/A
R2 S0/0/0 172.16.3.2 255,255.255,252 N/A
S0/0/1 192.168.10.9 255.255.255.252 N/A
S0/1/0 209.165.200.225 255.255.255.224 N/A
GO0/0 192.168.1.1 255.255.255.0 N/A
R3 S0/0/0 192.168.10.6 255.255.255.252 N/A
S0/0/1 192.168.10.10 255.255.255.252 N/A
PC1 NIC 172.16.1.2 255.255.255.0 172.16.1.1
PC2 NIC 172.16.2.2 255.255.255.0 172.16.2.1
PC3 NIC 192.168.1.2 255.255.255.0 192.168.1.1




Advanced Single-Area OSPF Configurations
Packet Tracer 2 - Propagating a Default Route in OSPFv2

1. Default route M}

= 1 EHA| - R20{|A| default route(7| 2 B 2)E FHSIMUAIL.
* R2(config)# ip route 0.0.0.0 0.0.0.0 Serial0/1/0

= 2B : OSPFO|M Z2E F Ottt
« OSPFZt2T YHO|ENAM 7|2 2 & HIist=J OSPFE TdotuAl2.
* R2(config-router)# default-information originate

« 30 R1 3 R30|A 2t2E HIO| 2= BAISHUAIL.
« R18IR39 2t HIO|&& AASHY F27F FotE[RA =X 25U AI2.
* R1# show ip route
* R3# show ip route

2. € =l
= PC1,PC2 X PC30| & MHE ping & =+ A=A

ot
ro
Ot
>
Rl
to



Advanced Single-Area OSPF Configurations T G
OSPF Hello and Dead Intervals BT A s T (e

Network Statement

= The OSPF Hello and Dead intervals used between two S ) b LIRED e LA
. ) R POINT _TO POINT, Cost: 64
adjacent peers must match or a neighbor adjacency Topology-MTID Cost Disabled  Shutdown Topology Name
does not occur. (21t = peer 2t AR El OSPF Hello & Dead e 64 L no Base
intervaIOI %'X|5H0F -éJI-l EI’- 1%}'7“ %_FQE ol_/c':_ 0._|E’80| bg}g{.é_l_xl ?—gﬁl—l I:|-) Transmit Dela}_r 15_. 1fec, S5tate POINT_TO_POINT

Timer intervals configured, Hello 1@, Dead 48, Wait 48,
Retransmit 5

* The OSPF Hello and Dead intervals are configurable on a per- e

interface basis. (OSPF Hello X Dead interval2 QIEHL|O|AEZ 14 & Hello due in ©0:00:03

T Qliﬁl—lEf) Supports Link-local Signaling (LLS)

. . Cisco N5F helper support enabled
 The Serial 0/0/0 Hello and Dead intervals are set to the default IETF NSF helper support enabled

10 seconds and 40 seconds respectively. (Serial 0/0/0 Hello 3 Index 2/2, flood queue length @
Dead interval ZtZt 7| & 10 = S9! 40 =2 A7 EL|C}) Next @x8(8)/@xa(a)

Last flood scan length is 1, maximum is 1
Last flood scan time is @ msec, maximum is @ msec

Neighbor Count is 1, Adjacent neighbor count is 1
Adjacent with neighbor 2.2.2.2

= To verify the currently configured OSPFv2 interface Suppress hello for © neighbor(s)

intervals, use the show ip ospf interface command. (& R1#
T4 = OSPFv2 interface interval= 2H215+21™ show ip ospf interface B &2 R1# show ip ospf neighbor
AHEBHYAIR.)

Meighbor ID Pri State ©D me Address Interface
. . . 3.3.3.3 2] FULL/ - 5 192.168.10.6 Seriald/e/1
= Use the show ip ospf neighbor command to verify that r222 o ruLs  172.16.9.2  seriole/ere

a router is adjacent with other routers. (show ip ospf neighbor R1#
FHS ALESH0 2t 2E 7t CHE 2t HeF 18] A=X] ZQISHYAIR.)




Advanced Single-Area OSPF Configurations

Modifying OSPFVv2 Intervals

= OSPFv2 Hello and Dead intervals can be
modified using the interface configuration
mode commands: (2EHo|A 24 2E YHES
A28 OSPFv2 Hello & Dead interval® =g 4= Y& LICH)
* ip ospf hello-interval seconds
* ip ospf dead-interval seconds

= Use the no ip ospf hello-interval and no ip
ospf dead-interval interface configuration
commands to reset the intervals to their

default. (ztzg 712222 44 ™3t2{™ no ip ospf hello-
interval % no ip ospf dead-interval interface 714 @H S
A SHYAIR.)

Rl({config)# imterface serial @/@/@
Rl({config-if)# ip ospf hello-interval 5
R1l{config-if)# ip ospf dead-interval 2@
R1{config-if)# end

R1#

R2(config)# interface serial &/e/e

R2(config-if)# ip ospf hello-interval 5

R2(config-if)#

FApr 7 17:41:49.881: ¥0SPF-5-ADICHG: Process 18, Nbr
1.1.1.1 on Serial®/@8/8® from LOADING to FULL, Loading Done
R2(config-if)# end

R2#

R2# show ip ospf interface s8/8/@ | include Timer
Timer intervals configured, Hello 5, Dead 2@, Wait 2o,
Retransmit 5
R2&
R2#& show ip ospf neighbor

Neighbor ID Pri State Dead Time Address

Interface
192.168.10.10 Seriale/e/1
172.16.3.1 seriale/e/e

3.3.3.3 )
1.1.1.1 )
R2#

FULL/- @8:8a:35
FULL/- @8:80:17



Advanced Single-Area OSPF Configurations

Modifying OSPFv3 Intervals

= OSPFv3 Hello and Dead intervals can be modified

using the interface configuration mode commands:

(EHIO|A 4 2 E HHZ AHE SO OSPFv3 Hello & Dead

interval2 +=8& &+ AUSLICEH)

* ipv6 ospf hello-interval seconds
* ipv6 ospf dead-interval seconds

Use the no ipv6 ospf hello-interval and no ipv6
ospf dead-interval interface configuration

commands to reset the intervals to their default.
(A2 72422 TE7E 52 no ipv6 ospf hello-interval X no ipv6
ospf dead-interval interface 74 H 2 AIESHNUAIR)

Ril(config)# interface serial @/e/e
Rl(config-if)# ipwe ospf hello-interval 5
R1l{config-if)# ipvt ospf dead-interval 20
R1(config-if)# end

R2(config)# interface serial @/e/e

R2(config-if)# ipwve ospf hello-interval 5

R2(config-if)#

*Apr 16 15:87:28.815: X0SPFv3-5-ADICHG: Process 18, Nbr

1.1.1.1 on Seriale/e/@ from LOADING to FULL, Loading Done

R2(config-if)# end

R2#

R2# show ipve ospf interface s8/8/@ | include Timer
Timer interwvals configured, Hello 5, Dead 28, Wait 28,

Retransmit 5

R2#

R2# show ipve ospf neighbor

OSPFv3 Router with ID (2.2.2.2) (Process ID 18@)

Interface
Seriale/e/1
Serial@/e/e

Meighbor ID Pri State Dead Time Interface ID
3.3.3.3 8 FULL/- ©@@:008:38 7

1.1.1.1 8 FULL/- @@:80:19 &

R2#




Advanced Single-Area OSPF Configurations
Packet Tracer 3 - Configuring OSPFv2 Advanced Features

172.16.2.0/24 209,165,200, 224/27 s W
(AE 2H] e A
- OSPF 7|2 4% =¥ T % 2 S b Server
_ gjed gll_ol_l 172.16.3.0/30 192, 168.10.8/30 54.100.1.2
T 192.168.1.0/24
192, 168. 10,430 —~. o
T o—ar—)
= St R1 "3 = PC3
Device Interface IPv4 Address Subnet Mask Default Gateway
G0/0 172.16.1.1 255.255.255.0 N/A
R1 S0/0/0 172.16.3.1 255.255.255.252 N/A
S0/0/1 192.168.10.5 255.255.255.252 | N/A
G0/0 172.16.2.1 255.255.255.0 N/A
RO S0/0/0 172.16.3.2 255.255.255.252 | N/A
S0/0/1 192.168.10.9 255.255.255.252 N/A
S0/1/0 209.165.200.225 | 255.255.255.224 | N/A
GO0/0 192.168.1.1 255.255.255.0 N/A
R3 S0/0/0 192.168.10.6 255.255.255.252 | N/A
S0/0/1 192.168.10.10 255.255.255.252 | N/A
PC1 NIC 172.16.1.2 255.255.255.0 172.16.1.1
PC2 NIC 172.16.2.2 255.255.255.0 172.16.2.1
PC3 NIC 192.168.1.2 255.255.255.0 192.168.1.1




Advanced Single-Area OSPF Configurations
Packet Tracer 3 - Configuring OSPFv2 Advanced Features

1.OSPF 7|2 8™ £+H
= 1EHA - B E XF K| 2to| HZZ HAETHL| L.,

OsPF 28 & #8517 o 2= PC7t & MHet M2E Y = UA=X|

ot

FOISIAIA| 2.

= 2 THA 1 R11t R2 AfO[Q] A2 Sl B = EfO|HE Z=F L.

R10| Ct= S BEHMUAIL.

R1(config)# interface s0/0/0

R1(config-if)# ip ospf hello-interval 15

R1(config-if)# ip ospf dead-interval 60
Al £ R22t2| OsPF AZO0| HIfRFLICE ™ ES FAISIHE AL FZ0| Lot EfO[H{ 7t LO{ofet LTt R29|
EtO|HE Z=HOIYAIR.

= 3EHA i R12 Y= 48 E =FELICH

64.100.1.201 /X[t & A2t PC1 AIO|2] B2 E FHTIMUAIL. PC10{| A 64.100.1.2 22| ZE= R2E Sl
2t LB ELICH OSPFE MEsH Z2E M oL Lt
R1 Serial 0/0/0 Y/ E{H|O| A0 M CHE =2 64Kb / s2 AHGHUA|L. O| A2 &K ZE £ 5 E HZASHK| 20 R12| OSPF
TZNATEE MO AEE AASH=0 ArESH= K EE O HZATHL| Y
R1(config-if)# bandwidth 64
64.100.1.201 2| X|ot & A2t PC1 AIO|2] B2 E FHTIMUAIRL. PC10{ A 64.100.1.2 22| ZE2+= R32 Sl
2| M ELICH OSPFE XSt A2E M3 oL Y,

>

2. A& =29l

SE pc7t & MHQF ME ping & = YE=X|

kot

FOISIAIA| Q.



10.2 Troubleshooting Single-
Area OSPF Implementations



Troubleshooting Single-Area OSPF Implementations

Components of Troubleshooting Single-Area OSPF

= OSPF is a popular routing protocol in large enterprise networks. (ospr= 2 HE|Z20|= HEYI0M 22| AR L=
2t2E maE2QlLct)

= Troubleshooting problems related to the exchange of routing information is one of the most essential skills
for a network administrator. 298 = nsta A 28 HZ2S HEYI 2Rt H 71 4Ol 7|& F iUt Ct)

=T o7 Z2te 74O O| ™ M i M
OSPF Adjacencies Will Not Form If IS 22 85 OSPF 21830l 33X
o4 & LI C
_ . O_IE1E1I0|ﬁ7r% ot HESRI 20| gl
* The interfaces are not on the same network. « OSPF L'” o > Ol ol Il I_ | (L3|-/'=’\ |_| EI_
TT o )
* O5PF network types do not match. « OSPF Hello & |:|: |_ Dead timer7f OII| |‘ | oF A |_| E|‘
* O5SPF Hello or Dead Timers do not match. . O| 20| 9 E-|1L|O|ﬁ7|- passiveE Ehg AE-UgHo.l
* Interface to neighbor is incorrectly configured as passive. |_| E|’
. - - . - AAI:I
* There is a missing or incorrect OSPF network command. « OSPF network & 23S HHHcc 21 74 L} M &HsFX| Q2L C}
* Authentication is misconfigured. . OI=0| B2 M| L|C} B '
* Each interface must be properly addressed and in the "up and up e ZF O] E.Iu_lOlAO-” r$$A7f °“ZO*E|O'| 9}{01 O|: '<'5|-_T|_ uup
i 1 = —_ . =
condition. and upn )ck:!- EH 04 Ol: —o;|. |_| El’.




Troubleshooting Single-Area OSPF Implementations

OSPF States

= To troubleshoot OSPF, it is important to understand how
OSPF routers traverse different OSPF states when

adjacencies are being established. (ospr £ & s ZstaiH,
eI -do| 282 M OSPF 2t E{7F M2 L}E OSPF state(&El)E S15ts WS
Of8idt= 20| SQetLICt)

= When troubleshooting OSPF neighbors, be aware that the

FULL or 2WAY states are normal. (OSPF 0|2 2/ s 2% [ FULL
EE 2WAY gElie BE YLD

* All other states are transitory and the router should not remain in

those states for extended periods of time. (C}2 2E AEj& LA|H0|H
2t H= 23S ST SEE RXISHX| OOk SfLCt)

Establish Neighbor
Adjacencies

g Two-Way State

Synchronize
OSPF
Databases

= Exchange State

o Loading State

’
Pt
' \

| v
p—

t
==

i

Full State




Troubleshooting Single-Area OSPF Implementations

OSPF Troubleshooting Commands

= Common OSPFv2 troubleshooting commands include:

(YEHE QI OSPFv2 24 off 2 E™d2 Cr21dt Z2&LICt)

R1# show ip protocols
*** JP Routing is NSF aware ***

Routing Protocol is “ospf 18~

show ip protocols - Used to verify vital OSPFv2 configuration
information. (24 OSPFv2 71§ 2 E 225t=0| AFEE L)

show ip ospf neighbor - Used to verify that the router has
formed an OSPFv2 adjacency with its neighboring routers.
(EH*E 7t 0|2 2tRE 2t OSPFv2 21 E 2 Y MM =X| 2olste o

Ar&E LICE)

show ip ospf interface - Used to display the OSPFv2
parameters configured on an interface. (21 E & 0| 20 +-d &l OSPFv2
Oi7f =& #EASH= O AFSELICH)

=T =

show ip ospf - Used to examine the OSPFv2 process ID and
router ID. (OSPFv2 Z2M A ID & 22 H IDE A ASH= O A& LICH)

show ip route ospf - Used to display only the OSPFv2 learned
routes in the IPv4 routing table. (IPv4 2t & E|O| 20 OSPFv2 &&
FZ0 HA[SH=0O A E LT}

clear ip ospf [process-id] process - Used to reset the OSPFv2

neighbor adjacencies (OSPFv2 0|2 QI &52 A EsH=0|
AHEE LICE)

Outgoing update filter list for all interfaces is not set
Incoming update filter list for all interfaces is not set
Router ID 1.1.1.1
Number of areas in this router is 1. 1 normal @ stub @ nssa
Maximum path: 4
Routing for Networks:
172.16.1.1 0.08.8.0 area @
172.16.3.1 9.0.9.0 area @
192.168.10.5 ©.0.0.0 area 8
Passive Interface(s):
GigabitEtherneta/e
Routing Information Sources:
Gateway Distance
3.3.3.3 118
2.2.2.2 118
Distance: (default is 118)

Last Update
@9:88:35
8a:88:35

R1# show ip ospf neighbor

Neighbor ID Pri State Dead Time Address Interface

2.2.2.2 1 FULL/BDR 20:00:30 192.168.1.2 GigabitEthernetd/e
3.3.3.3 @ FULL/DROTHER 90:00:38 192.168.1.3 GigabitEthernete@/e
R1#

Note: For the equivalent OSPFv3 command, simply substitute ip with ipv6.




Troubleshooting Single-Area OSPF Implementations

Components of Troubleshooting OSPF

OSPF problems usually relate to:

(OSPF _E_x-”E %II:II_}&! oz |:|.%J—_||. _TII:|.EI_:|0| 9}1% |_| |:|.) Connectivity issues due 1o

routing?

' Yes

LTS

o

* Neighbor adjacencies (|
» Missing routes (22 +2h

No

H Is the neighbor table e
» Path selection (82 &) e Troubleshoot
\,“’55/
Is the routing table ~ NO
COMeci? Troubleshoot
\vves/
Does traffic take No ( —
—_— Troubleshoot

desired path?
\YES/

Functional network?

Note: For the equivalent OSPFv3 command, simply substitute ip with ipv6.

Use:

* show ip ospf neighbor
e show ip interface brief
* show ip ospfinterface

Use:
e show ip protocols
» show ip route ospf

Use:
e show ip route ospf
* show ip ospf interface




Troubleshooting Single-Area OSPF Implementations
Troubleshooting Neighbor Issues

= When troubleshooting neighbor issues: (0|2 2x £ 8jZst=

o .
A9

» Verify the routing table using the show ip route ospf command.
(show ip route ospf B ALE510] 2t E HIO|2 2 =HQISHIAIR)

« Verify that interfaces are active using the show ip interface brief
command. (show ip interface brief 3 &2 ALE30| QIE{H 0| A7}
2-d3tE| 0] UA=A| 2HRISHIAIR)

» Verify active OSPF interfaces using the show ip ospf interface
command. (show ip ospf interface &S Al2310] & OSPF
QIEIO|AE =HQISHAIR)

* Verify the OSPFv2 settings using the show ip
protocols command. (show ip protocols &2 AHE35H0] OSPFv2 EH 2

SHOISHIA2.)
= Recall that the passive-interface command stops both

outgoing and incoming routing updates and for that

reason, routers will not become neighbors. (passive-
interface Y2 LAl S =4 2R E AHO|EE B5F SX|SIEE 2t H =
O| 20| E|X| ¥&LICt)

R1# show ip protocols
*** IP Routing is NSF aware ***

Routing Protocol is “ospf 18"

Outgoing wpdate filter list for all interfaces is not set

Incoming update filter list for all interfaces is not set

Router ID 1.1.1.1

Mumber of areas in this router is 1. 1 mormal @ stub @ nssa

Maximum path: 4

Routing for Networks:
172.16.1.1 ©8.8.0.8 area @
172.16.3.1 9.8.8.8 area @

Passive Interface(s):
GigabitEthernete/e@
Seriale/a/e

Routing Information Sources:
Gateway Distance
3.3.3.3 11e
2.2.2.2 11e

Distance: (default is 118)

Last Update
28:58:83
B84:27:25

Rl

R1{config)# router ospf 18

R1({config-router)# no passive-interface s8/e/@
R1({config-router)#

*Apr 9 13:14:15.454: ¥0SPF-5-ADJHG: Process 18, Nbr

2.2.2.2 on Serial®d/@/® from LOADING to FULL, Loading Done
R1({config-router)# end
R1#




Troubleshooting Single-Area OSPF Implementations

Troubleshooting OSPFv2 Routing Table Issues

= When troubleshootlng routing table issues: (2t €
HOlZ2 =M E siZag I ;)

* Verify the routing table using the show ip route ospf
command. (show ip route ospf &2 AHESH0] 2t E HIO|ES
OIS A|2.)

* Verify the OSPFv2 settings using the show ip
protocols command. (show ip protocols & &S AH&3}0]
OSPFv2 28 S 225t AIR)

» Verify the OSPF configuration using the show running-

config | section router ospf command. (show running-
config | section router ospf B &2 AHE5I0] OSPF 878 &=2
OIS A|2.)

R3# show running-config | section router ospf

router ospf 10

router-id 3.3.3.3

passive-interface default

no passive-interface Seriale/e/1
network 192.168.18.8 0.8.8.3 area @

R3#
R3# conf t

Enter configuration commands, one per line.
R3(config)# router ospf 10
R3{config-router)# network 192.168.1.2 0.0.0.255 area @
R3(config-router)# end

R3#

*Apr 16 11:03:11.115: %SYS-5
console by conscle

R3#

End with CNTL/Z.

5-CONFIG_I: Configured from



Troubleshooting Single-Area OSPF Implementations

Packet Tracer 4 - Troubleshooting Single-Area OSPFv2

172,16.2.0(24

209.165,200.224/27 =

— ot - -
(25 SH] = g g
- OSPF 2X A& = 2 TN web Server
O 1 .100. 1.
- 27 EAM 172.16.3.0/30 192, 168.10.8/30
. ERH T o
192.168.1.0/24
172.16.1.0/24 R —
g = _r::;._\—'l "?"Hﬂ-g
F 7
S =1 o 192.168.10.4/30 R3 =3 PC3
Device Interface IP Address Subnet Mask Default Gateway
GO0/0 172.16.1.1 255.255.255.0 N/A
R1 S0/0/0 172.16.3.1 255.255.255.252 N/A
S0/0/1 192.168.10.5 255.255.255.252 N/A
GO0/0 172.16.2.1 255.255.255.0 N/A
R2 S0/0/0 172.16.3.2 255.255.255,252 N/A
S0/0/1 192.168.10.9 255.255.255.252 N/A
S0/1/0 209.165.200.225 255.255.255.224 N/A
GO0/0 192.168.1.1 255.255.255.0 N/A
R3 S0/0/0 192.168.10.6 255.255.255.252 N/A
S0/0/1 192.168.10.10 255.255.255.252 N/A
PC1 NIC 172.16.1.2 255.255.255.0 172.16.1.1
PC2 NIC 172.16.2.2 255.255.255.0 172.16.2.1
PC3 NIC 192.168.1.2 255.255.255.0 192.168.1.1
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Packet Tracer 4 - Troubleshooting Single-Area OSPFv2

[ZH ol 8 =2 MZ4]

. LHAE Y2 ABSO LEYA0| A BHE AT OFY B
c 2,200 BYS ALBOL0] RHHO| QIS YA D THY T &

E HOf| StLEA 5D 2| 7S 2 & =K 2HRI5)
2 E|X] oW 2 HAZ S0 7k Hof| elE SRS

1

=

el
rin rulo

Mo

M7t A M UM ST 2 HZE S HAESHIA L.

. Or2fl &0 5

;

F4S ofef &0

A VEHS LHEFELIC,
N MO & == AS LI

Device Identified Problem
FAH) (A= e FA4)

Proposed Solution

(A gst= A2 H)

Resolved?

G=Al 32 A F)




Troubleshooting Single-Area OSPF Implementations

OSPFv3 Troubleshooting Commands

= Common OSPFv3 troubleshooting commands include:
(2EHQl OsPFv3 24| o 2 F2 Chaat 25 LIt R1# show ipvé protocols
IPv6 Routing Protocol is "connected™

< show ipv6 protocols - Used to verify vital OSPFv3 configuration |kttt
IPv6 Routing Protocol is “ospf 18

information. (2 OSPFv3 78 M EE 2Qlst=0| AFZE LICL) Router ID 1.1.1.1

Number of areas: 1 normal, @ stub, @ nssa

« show ipv6 ospf neighbor - Used to verify that the router has Interfaces (Area 8):
formed an OSPFv3 adjacency with its neighboring routers. Seriale/e/e
(EH*E7t 0|2 2tRE 2 OSPFv3 21 S P} =X &eldt=0 GigabitEtherneto/@
AtEE L I:|') Redistribution:

None

* show ipv6 ospf interface - Used to display the OSPFv3 R1#

parameters configured on an interface. (2/E{ I 0| A0 T4 E OSPFv3 EEEE TR UEE AL D F-0h g
074 M8 HAISH=0 AL E L)

Meighbor ID Pri State Dead Time Interface ID Interface
* show ipv6 ospf - Used to examine the OSPFv3 process ID and 2.2.2.2 @ FULL/- ©0:00:33 7 Serial@/e/e

router ID. (OSPFv3 Z2Z M2 1D & 2t2H IDE HASH=H AFHEE LILE) R

* show ipv6 route ospf - Used to display only the OSPFv3 learned
routes in the IPv4 routing table. (IPv4 2t &l E|O| S0 OSPFv3 &&
FE2T BASH=0| AHEE LT

* clear ipv6 ospf [process-id] process - Used to reset the OSPFv3
neighbor adjacencies. (OSPFv3 0|2 21Ed& A Zst=0 AH&ELICt)



Troubleshooting Single-Area OSPF Implementations

Troubleshooting OSPFv3

= In this example, R1 is not receiving the R3 LAN OSPFv3 route (2001:DB8:CAFE:3::/64). (0] 00 A R12 R3 LAN
OSPFv3 22 E (2001 : DB8 : CAFE : 3 ::/ 64)5 $=AISIX| & L|Ct)

= Verifying the R3 routing protocol settings reveals that R3 is not SRR O

enabled on the GO/0 R3 interface. R3 298 Z252 My a0ty [iiahiiatbiasueiii

_ i fo IPv6 Routing Protocol is "ND™
R3_o_| GO0/0 O|_|E'|-u'”0|ﬁ0“k| OSPF Ae-lxo-iol Qal')ggl'Elxl ?s: Z‘JEE I-I'EI'IElH—l EI') IPve Routing Protocol is "ospf 18"

Router ID 3.3.3.3
Number of areas: 1 mormal, @ stub, @ ns=sa
In v ) )

= Enable OSPFv3 on the R3 Gigabit Ethernet 0/0 interface. (rR3 Redistribution:
Gigabit Ethernet 0/0 QI E{If|O| A 0| A{ OSPFv3E & 2}5tA|R.) None
R3#

R3# conf t
Enter configuration commands, one per line. End with CNTL/Z.

= The R3 LAN is now in the routing table of R1. (R3LANZ 0/ R10| [t
2t HIO[E0| AFLILE) o ite oo 0 mren

R3(config-if)# end
R3#
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Multiarea OSPF Troubleshooting Skills

= Before you can begin to diagnose and resolve problems related to a multiarea OSPF implementation, you
must be able to do the following: (Et& Y9 ospF 7oint B E 2X™ S FITHs D sf A7 Mo CH28 £ 4= 2L0{of gL|LCt)

-

* Understand the processes OSPF uses to distribute, store, and select routing information. (OSPF7 2t2 8 HEE 24, K& X
MESET| 2SH AFESHE ZEMAE O[sHStMAIR)

« Understand how OSPF information flows within and between areas. (8<% W % ¥ 7t OSPF HE2Q| SE& O|8|&tL|C})

* Use Cisco I0OS commands to gather and interpret the information necessary to troubleshoot OSPF operation. (Cisco 10S
THE Ar830] OSPF 2& =X & ol Z25t= Ol 2Rt YEE 85t Moty AlR.)
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Multiarea OSPF Troubleshooting

= OSPF stores routing information in four main

data structures: (OsPFe 2t E HEE U 7tX| =R
OlO|E F+Z&=0f MZ&etL|Ct)

Interface Neighbor Interface Neighbor
i L ﬂ

IPv4 Network

- S
- -
- - r o

IPvB Network

Interface | Neighbor Interface | Nelghbor
- Rumme H

Interface
table

Data Structures

OSPF Data
Structures

Description

Includes a list of all active OSPF interfaces. (2= &4 OSPF
CIHHIOIA SES Z& L)

Type 1 LSAs include the subnets associated with each active
interface. (type 1 LSAO= 2f &4 CIEHHIOl ALt 2t E
NE.Si0| Zat=L|Ct)

Neighbor
table

Used to manage neighbor adjacencies through hello timers and
dead timers. (22 < EIOI0 & HIE EIOIHHE Sof I &

I HE 2telot= O MEELICEH)

Neighbor entries are added and refreshed when a hello is
received. (HelloE =4I5tH 0|2 &=0| FIIE D M2
DH™ELICE)

Neighbors are removed when dead timer expires. (H &
EtOITH Ot Bt & 0l = 0l HIHELICE)

Link-state
database
(LSDB)

This is the primary data structure used by OSPF to store network
topology information. (Ol X2 HIERD E2=X BEE

MZE S| ?lol OSPFOIA AtE0t= J12 OI0IE 2 LICEH)

It includes full topological information about each area that the
OSPF router is connected to and any paths that are available to
reach other networks. (01| 0l= OSPF 2tRE It HZE 2t A
LUOEUHERKINEE & = A= 220 &t 8K ES 2K
S0 ZatELICE)

Routing
table

After the SPF algorithm is calculated, the best routes are offered
to the routing table (SPF 2 1 2|S0| A4k & = 28 HI0I=0l
ot Hghet Z2IF MSELIt)
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Packet Tracer 5 - Troubleshooting Multiarea OSPFv2

[HE T H]

- OSPFv2 X A4 Sl 52
)
fsp

209.165.200. 16/28

192,168.3.0/24 o

T e 172.16.1.32/27
l"";‘ 10110130*-« 10,2,2.0/30 I~
L ..._192 168.1.0/24 ,J
ASBR "f
192.168.2.0/24
/24 | o | 1721616427
# Area 1 = ? Area 0 Area 2

;

l“‘ﬂ-,,- ABR1 ABRz
% =
e
R2 172.16.1.96/27

192.168.4.0/24

51

Troubleshoot Multiarea OSPFv2

Device Interface IP Address Subnet Mask
ISP GigabitEthernet0/0 | 209.165.200.17 | 255.255.255.240
GigabitEthernet0/0 | 209.165.200.18 | 255.255.255.240
ASBR Serial0/0/0 10.1.1.2 255.255.255.252
Serial0/0/1 10.2.2.2 255.255.255.252
ABR1 Serial0/0/0 10.1.1.1 255.255.255.252
GigabitEthernet0/1 | 192.168.1.1 255.255.255.0
ABR2 Serial0/0/1 10.2.2.1 255.255.255.252
GigabitEthernet0/1 | 172.16.1.33 255.255.255.224
GigabitEthernet0/1 | 192.168.1.2 255.255.255.0
R1 GigabitEthernet0/0 | 192.168.2.1 255.255.255.0
LoopbackO 192.168.3.1 255.255.255.0
R2 GigabitEthernet0/0 | 192.168.2.2 255.255.255.0
Loopbackl 192.168.4.1 255.255.255.0
R3 GigabitEthernet0/1 | 172.16.1.62 255.255.255.224
GigabitEthernet0/0 | 172.16.1.65 255.255.255.224
R4 GigabitEthernet0/0 | 172.16.1.94 255.255.255.224
GigabitEthernet0/1 | 172.16.1.97 255.255.255.224
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Packet Tracer 5 - Troubleshooting Multiarea OSPFv2

[AlILIE] 2]
= X2 TR ZRA HEYIAE tHY A OSPFV20|M CFE B OSPRv2E2 HZASHZ| 2 A™ S L O
= AWM O Z HEQAYL G 0|4 SHIEA &*%6MI o e HEQFE Sot 40| Aufis L Ct

- HER3 H2|X= 2™ E s 2oty s Y OSPFv2 7+ % ot HERA TH 2| S4= S2loioF LT} 0|
?lell 12l 2 X8 0| =0] ME &0 °|E1ﬂ1|0|“\ IP 4 S AR Df"ﬂe ZEot HESAS 2E 22Kt
HA|ELICE

= Area 10{A| 192.168.4.0/24 HEQIAZ9| 40| ZSLHE| YO 22 H R27t 2t2E R11t OSPF QI d 2 A dg &= QlCt=
A X| 7F B A|E LT,

= Area 20{|A| 172.16.1.64/27 % 172.16.1.96/24 HE A 2t2| S410| ZO{N oM 2t H R47I I G2 Fde == & LICt

= Area 00| O A CHZ ZtZBHL|C},

1. OSPFv2 Area 12| EH|sl A2 ¢loH show EH ALE
= 1 CHA : Area 101M Bt H T4 2 RIS AIL.
v’ R27t R11f QIFBIX| 47| IHE0] R20| 2& T £310] AHHO|A |p T4 7 8 CHE Y OSPFv2 7182
2Holsty Al 2,
+ show running-config &2 AHE5I0] 742 =QISHMA| 2.
 R29| OSPF 2t2EH T2 N2 Fgo] EXHstn FetL 7t M2, ot
2E0| gt

|r|
Tn
o
m
40
08
12
rE
fot
rulru
Hl
oot
of
o
m
el
LI
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Packet Tracer 5 - Troubleshooting Multiarea OSPFv2

v R20{ M show ip ospf interface &2 AM335}0] hello EFO|H 7t M-S 2018t T hello T A|X| 7t A& & =X
SHOIBHAIA| Q.

« R29| &2 EIO|H 7+ 40| 7|2 B o2 MFE[N J}ESLTH? Dead time interval 4 x Hello time interval & L|77}?
hellos?t & & L7t
v R29| :I_L/g al A—|7c-|o| 2I:||-E
I I o[A & 3 OSPFv2 74
« R1UIESA AEHO|AT}
T80 ZHEO[ ALt
v R19 d 7S FEsHAIL
* R1# configure terminal
* R1(config)# router ospf 1
* R1(config-router)# no passive-interface G0/0
v 2HTE0| §YEH R12 OSPF Q& d HAZ loading0l A full2 EA|SH= syslog HA|X[E 2&0f =4IsH0F 2L Ct.
- OSPF QI HAZ 205l syslog HAIX|7F R1 2£0| EA| £ A& LITH2

I 27t R10j| RA0{OF SHL|CH R10]| 2&2 A3MSHL running-configdi Al I EX 3
FOISIM A2,
|

™,
O
= HE UEL7? 21 AT E 2o Z Q= R1 OSPFv2 22 E ZZAMA

=HIEA
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Packet Tracer 5 - Troubleshooting Multiarea OSPFv2

= 2 Bt Area 20| M 2t H TS =QISHYAI L.
v HEIATArea2 MEY 172.16.1.64/24 5 172.16.1.96/242t2| HZ0| &
HHZS A2 350 Area 2 Border Router (ABR2)0J|A| O] & Z}OISIAMA| L.,
 ABR2 22 & H|O| S0 172.16.1.64/24 & 172.16.1.96/24 U E /22| =7} EA|E L|7}? show running-config 3 &=
AHESHO] L2 S RISHY A2,
v ABR27| R31t OSPFv2 QI QI d 2 AU =X| HOISHMAIL,
« ABR20| &= 7i2| OSPF O| 20| EA|EL|7t? 0= O|2 ID7} R3Z 2|0|3tH O{EAH & == JASLIIt?
=

v ABR27I R31} QI A E HM3H7| 20| R3 EE= R42| OSPFv2 40| 2X|7F 9 4= Q&L|CH R3CE 24

st HAS Ol 0| OSPRv2 78S 2 ISt AI2.
« R3OSPRV2 2t28 ZENA 0| 2XFO| ASUIt?
v ZHEE Y5t Area 00] 172.16.1.64/24 EHU S BIX|Sl= OSPF 2t2 & T2 M2 HERA FHES HHE L Area
22 BHESHIA L.
* R3# configure terminal
* R3(config)# router ospf 1
* R3(config-router)# no network 172.16.1.64 0.0.0.31 area O
* R3(config-router)# network 172.16.1.64 0.0.0.31 area 2
« OSPF Q¥ d HESE 15l= syslog HAIX| 7} R3 2&0 #A| & A& L7t? 0| A0 A olofetL|nt?
v R3EI2E HO|E0| 2= OSPF @F2| 2= HES A0 CHet B27F A=K &QISHHAL.
o FEE B2 A DAHCE o= AL

Ao Z HNE|QFO D Z show ip route
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v R30| OSPFv2 S99 192.168.0.0/21 8% B27} +& &l A Z5LC} O] 2K S s &5tz H 22 E R30|A OSPFv2
ot Z2MAE TS| MATH CHS CHA] FII5HYA| 2.
* R3# configure terminal
* R3(config)# no router ospf 1
* R3(config)# router ospf 1
» R3(config-router)# router-id 3.3.3.3
* R3(config-router)# network 172.16.1.32 0.0.0.31 area 2
» R3(config-router)# network 172.16.1.64 0.0.0.31 area 2

v O|HN| R3 2t & HIO|=0] 192.168.0.0/21 M EUlI0f| CHot OSPF Y 7t Q9F A2 E StSM=X| 2 QSHUAI L.,
o OSPF Y 7t 2} E H|O|=0{A 192.168.0.0/21 A EHIO 2 2} EI =l L|7}?
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Packet Tracer 6 - Troubleshooting Multiarea OSPFv3

(4% SH)

- OSPFv3 &X| A4 Sl 5|2

2001:DB3:ABEA: 1B:: /64

S e
Lo0 |7 g 2001:088:A8EA: 1A:: /64

1 .""\
S
2001:DB8:ABEA: 1C:: /64
 J Area 1

— -
l Lol

R2
2001:D88:ASEA: 1D:: /64

i—-—,_’-‘f
fs?

2001:D68:C1: 1::/64

_/ —

2001:DB8:ABEA: 2A:: /69

P
ASER e
2001:DB8; ABEA:FOA:: f64 -
R e r 0B 15413 g 2001:DB8:ABEA: 28:: /64
L -i areau [ ’ Area 2
ABR1 ABR2 *

—
2001:DB3:ASEA: 2C:: /64 '-"i
R4

Troubleshoot Multiarea OSPFv3

: IPv6 Global Unicast PV Link- Default
Device Interface Address local o
Address

ISP GigabitEthernet0/0 | 2001:DB8:C1:1::1/64 FE80::C1 N/A

ASBR GigabitEthernet0/0 2001:DB8:C1:1::2/64 FES8O0::7 N/A
Serial0/0/0 2001:DB8:ABEA:FOA::1 | FEBO::7 N/A
Serial0/0/1 2001:DB8:A8BEA:FOB::1 | FEB0::7 N/A

ABR1 | Serial0/0/0 2001:DB8:ABEA:FOA::2 | FE80::5 N/A
GigabitEthernet0/1 | 2001:DB8:A8SEA:1A::1 FES80::5 N/A

ABR2 Serial0/0/1 2001:DB8:ASBEA:FOB::2 | FE80::6 N/A
GigabitEthernet0/1 | 2001:DB8:ASEA:2A::1 FE80::6 N/A

R1 GigabitEthernet0/1 | 2001:DB8:A8BEA:1A::2 FE80::1 N/A
GigabitEthernet0/0 | 2001:DB8:A8EA:1C::1 FE80::1 N/A
LoopbackO 2001:DB8:A8BEA:1B::1 FE80::1 N/A

R2 GigabitEthernet0/0 | 2001:DB8:A8EA:1C::2 FES80::2 N/A
Loopbackl 2001:DB8:ASEA:1D::1 FES80::2 N/A

R3 GigabitEthernet0/1 | 2001:DB8:A8BEA:2A::2 FE80::3 N/A
GigabitEthernet0/0 | 2001:DB8:A8EA:2B::1 FE80::3 N/A

R4 GigabitEthernet0/0 | 2001:DB8:A8EA:2B::2 FEB80::4 N/A
GigabitEthernet0/1 | 2001:DB8:A8EA:2C::1 FE80::4 N/A
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Packet Tracer 6 - Troubleshooting Multiarea OSPFv3

[AlILIE] 2]
= X2 TR ZRA HEYIAE tHY A OSPFV20|M CFE B OSPRv2E2 HZASHZ| 2 A™ S L O

= O A H

- ZNHC = HERIALH Oy SHIEA ASotA| G B2 HESKIE S S0 2iA L.

= HEQ3 He[Xt= 22X E sHZstn CHE Y OSPFv3 32 =735tH HERIT MK 2] 412 SJsHOF & L|C} 0|
Qs Qo FA X|H HO|20| MB&H QE{HO|A IPve TAE Eest0] HEQ AL 2 & 2R E 7} HA|EL|C
= Area 10| M R27F OSPF QI d S A8 == 8iCh= HA[X| 7} EA|ELICH
= Area0 X Area 20i|M 3 72| 2}2E ABR2, R3 X R4= OSPF QM S A% &= QIQ&L|CE
= OpX[2fe 2 ABR1 R R12 7|2 B2 EEE X &L CL
1. Area 19| R2 /4 &0l
= 1 EHA : Area 10| M 22 H T2 205U A2,
v R27F R11} QISHX| 47| Wf20f R20|| 2& 510 AHMO|A 1P T4 7+ W OHE Y OSPFv3 82
SOISHM AR,
« show running-config &2 AHESI0] 7482 = QISHMA| 2.
+ R22| OSPFv3 2} E ZEAMA FH0] =45t F=ketL{7H? go/0 X Loopback 1 2 E{IH O] A0 A OSPFv30|

2o SHE 9oz 47 = /AUt

kot
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v R22| OSPFv3 740| 2 HI2™ OSPFv30| R1 GO /0 2IE{H|O| A0 A M E|X| AUAS = AFLICH RI0| 2E2
H A|}3 show running-config @ &2 M350 ipv6 ospf 10 area 1 T+ 01| Ci$ GO /0 QI E{H 0| A E QIS A| L.
« R12| OSPFv3 2t & ZEMA 0] EXY st F2tetL|7t? go /0 QN EH 0| A0 OSPFv30| - 2tE| A1 Areal
2E EJAsHI?
« hello-interval 5! dead-interval EtO|H 7} ZtZt 7| 27f 10 = 9 40 Z0|AM HAEL U S = YSLIC}H EFO|H7F LX|S}X]|
RO etRE It QIFSHX| S 4= USLICHL O E Qe EfO|H7t A2 QI A EfO|T 2f2| 4 H{Z} OtEl B2 2fRE 7}
A ES YK %2 == JUSLICH R1 X R20{ A hello-interval % dead-interval EFO|H £/ S 2QISHAMA| 2
* R1# show ipv6 ospf interface g0/0
* R2# show ipv6 ospf interface g0/0

e R1 = R2 hello-interval EE+= dead-interval EFO|HOj| & X| EE

v R20| M hello-interval X dead-interval timer 7+ @ FE
* R2# configure terminal
* R2(config)# interface g0/0
* R2(config-router)# ipv6 ospf hello-interval 10
* R2(config-routen# ipv6 ospf dead-interval 40
« EXEO| Y™ R2 20| LOADINGO|AM FULLE OSPF Q18 B2 BA|SH= syslog HIA|X| 7} LtEFE LI CE.
ZH7tSHAZRA=X], TECHH Nbr(0|R) FTA = FAL LI

2xel 71480 gt

— AN H

=
S0 AL,
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Packet Tracer 6 - Troubleshooting Multiarea OSPFv3

= 2 BHA : ABR2ZE A|ZSH= Area 22| 2t EH L%
v BI2E ABR2, R3 % R47} B% OSPFv3 QI & & d 2 +oe ASRENEYOEE ABR2 B 2tRHE 24310
ASBR 2t2EQ QI EE2 98 & 8= 0|7 E =25 AIR
« ABR22| OSPFv3 2} E Z 2 M|A TM0| EXstn HetstL7t2s0/0/1 X go/ 1 QI E{H 0| A0 A OSPFv3O|
SMSIE| YO Area2Z M | ASL T2
v OSPFv30|= 32 HE Mo &2 71& & 10 Tl 2t2E ID7} QLO{oFgrL|Ct ABR20f| = QIE{I|O| A0f &S &l IPv4 FATF
o8 Z router-idE =522 F48l0F & L|C}. 6.6.6.6 22 EH IDE ABR2E TSI A| 2.
» ABR2# configure terminal
» ABR2(config)# ipv6 router ospf 10

» ABR2(config-router)# router-id 6.6.6.6
o M7t +HEH 220 syslog HIAIX| 7t LOADINGO|AM FULLZ OSPF QX BiA AtstS HA|S|OfF BHL|Ct O] HL O
AFEHO| O OfT Nbr =AZF HA|E L7712
v" ABR20{ A Nbr 3.3.3.32| LOADINGO|M FULLZ 21 HE S HA|SH= Syslog H|A|X| = R30| O|X| OSPFv3 Area 2
T2 M20 &ofsta ASE 20| L|CH R47F HAE HEHAO Lot 2tRE FEE OSPFv3 EEEZX| [ O E{H| 0] A0
HSH=X| 2l A2,

» ABR2# show ipv6 ospf database
+ show ipv6 ospf database B 2| E=HZ 2™ R42| EMNE LIEt= BE= FAYL I

X 0x
mjo
fo
O

x O
z

=
to
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« 3 CH| : ASPFOIM OSPFv3 default route 2HI S ZHOISHAMA| 2.
v ASBR 0| X| 2R E 0|2 2 static IPv6 7|= Z Z(default route)7t T+ E|0] LO{OF FL|CH AHCHH OSPFv3 Y default-
information originate @S AFE3I0] ST Z2E HiZg = US| L}
« ASBRO| IPv6 7|2 27| 14| J}ELT? OSPFv3 2R E T2 M A T4 0] default-information originate 7t Z 2 &
A& L2
v' ASBRO|| A default-information originate d @2 OSPFv3 2t & Z 2 M A0 =I5t A| 2.
» ASBR# configure terminal
» ASBRZ2(config)# ipv6 router ospf 10
* ABR2(config-router)# default-information originate
v OSPFv32 &0l 7|2 227t YALA =X 2015t2{H ABRL X ABR22| IPv6 2t & HO| =22 QIS AL,
. ST&W ﬁvIG Iroute9| =82 20 2t*H7F OSPR3OIM 7|2 Z2E YA EI/AsH 7 JHCHH O|E LIEIW= AS
LI SIAIA| Q.



\ b C

i _______ Thank You

NN




	10: OSPF Tuning and Troubleshooting
	10 - Sections & Objectives
	10.1 Advanced Single-Area OSPF Configurations
	Advanced Single-Area OSPF Configurations�OSPF Network Types
	Advanced Single-Area OSPF Configurations�Challenges in Multiaccess Networks
	Advanced Single-Area OSPF Configurations�OSPF Designated Router
	Advanced Single-Area OSPF Configurations�Verifying DR/BDR Roles
	Advanced Single-Area OSPF Configurations�Verifying DR/BDR Adjacencies
	Advanced Single-Area OSPF Configurations�Default DR/BDR Election Process
	Advanced Single-Area OSPF Configurations�DR/BDR Election Process
	Advanced Single-Area OSPF Configurations�The OSPF Priority
	Advanced Single-Area OSPF Configurations�Changing the OSPF Priority
	Advanced Single-Area OSPF Configurations�Packet Tracer 1 - OSPF in Multiaccess Networks
	Advanced Single-Area OSPF Configurations�Packet Tracer 1 - OSPF in Multiaccess Networks
	Advanced Single-Area OSPF Configurations�Packet Tracer 1 - OSPF in Multiaccess Networks
	Advanced Single-Area OSPF Configurations�Packet Tracer 1 - OSPF in Multiaccess Networks
	Advanced Single-Area OSPF Configurations�Default Route Propagation
	Advanced Single-Area OSPF Configurations�Verifying the Propagated Default Route
	Advanced Single-Area OSPF Configurations�Propagating a Default Static Route in OSPFv3
	Advanced Single-Area OSPF Configurations�Verifying the Propagated IPv6 Default Route
	Advanced Single-Area OSPF Configurations�Packet Tracer 2 - Propagating a Default Route in OSPFv2 
	Advanced Single-Area OSPF Configurations�Packet Tracer 2 - Propagating a Default Route in OSPFv2 
	Advanced Single-Area OSPF Configurations�OSPF Hello and Dead Intervals
	Advanced Single-Area OSPF Configurations�Modifying OSPFv2 Intervals
	Advanced Single-Area OSPF Configurations�Modifying OSPFv3 Intervals
	Advanced Single-Area OSPF Configurations�Packet Tracer 3 - Configuring OSPFv2 Advanced Features
	Advanced Single-Area OSPF Configurations�Packet Tracer 3 - Configuring OSPFv2 Advanced Features
	10.2 Troubleshooting Single-Area OSPF Implementations
	Troubleshooting Single-Area OSPF Implementations�Components of Troubleshooting Single-Area OSPF
	Troubleshooting Single-Area OSPF Implementations�OSPF States
	Troubleshooting Single-Area OSPF Implementations�OSPF Troubleshooting Commands
	Troubleshooting Single-Area OSPF Implementations�Components of Troubleshooting OSPF
	Troubleshooting Single-Area OSPF Implementations�Troubleshooting Neighbor Issues
	Troubleshooting Single-Area OSPF Implementations�Troubleshooting OSPFv2 Routing Table Issues
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 4 - Troubleshooting Single-Area OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 4 - Troubleshooting Single-Area OSPFv2
	Troubleshooting Single-Area OSPF Implementations�OSPFv3 Troubleshooting Commands
	Troubleshooting Single-Area OSPF Implementations�Troubleshooting OSPFv3
	Troubleshooting Single-Area OSPF Implementations�Multiarea OSPF Troubleshooting Skills
	Troubleshooting Single-Area OSPF Implementations�Multiarea OSPF Troubleshooting Data Structures
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 5 - Troubleshooting Multiarea OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 5 - Troubleshooting Multiarea OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 5 - Troubleshooting Multiarea OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 5 - Troubleshooting Multiarea OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 5 - Troubleshooting Multiarea OSPFv2
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 6 - Troubleshooting Multiarea OSPFv3
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 6 - Troubleshooting Multiarea OSPFv3
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 6 - Troubleshooting Multiarea OSPFv3
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 6 - Troubleshooting Multiarea OSPFv3
	Troubleshooting Single-Area OSPF Implementations�Packet Tracer 6 - Troubleshooting Multiarea OSPFv3
	슬라이드 번호 51

