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EIGRP

Enhanced Interior Gateway Routing Protocol

3 Al s Siau o routing Jf e (b dasiioall ¥ 8 539 ) (0 EIGRP JsS5850z O iad Las
DR G s Coe Al JeSgig ) 1R g, Sig) (e RS)

P oS AL b e F29A b e Syl s 13) sizay backup routesdi 4xald asiiy 4l -
& (f) network JI A dsash a So )l pliesa , b (o Aagll B adad &iaa g (f) network
.c A Gk

. JsS 559 nl) 130 Aualal) e y) g A ggeas -

routing Ji &l A classless i Axald asiicy -

A8 e gilits 7 A5 Aalaal) 038 g A 9 Sy Cm Jual) Cililua 8 Balna Adalea addicy -
c A9 S om Juai) B dadiod s Jdl clua

LINK STATE s DISTANCE VECTOR U sSa Juabi ptiins; -

IP, IPv6, IPX and AppleTalk Jie Juaiy) < oS ¢ (pa SN as -

Neighbor Table

dhaadh o3 Il g 4l e Oy Ay Jual) il Badal Jgaa (o J3ST (9S4 EIGRP JsS 559 o5&
INTERFACEJ 13 e Juaia ¢ 5438 INTERFACE JS Jgaadl 138 & Bday g o)) puadl J 9o

IP EIGRP Neighbor Table List of directly connected
routers running EIGRP with
Next-Hop Router Interface which this router has an adjacency &
Jiia
NEXT-HOP ROUTER INTERFACE
10.0.0.1 SERIAL 0/0
10.0.0.2 SERIAL 1/0

2 multicast J) bl adiioy 4) & o AY <Y g9l Bl 0o eigrp JsSsigu lidyg
JS 589 224.0.0.10 s p2dieall jp Jly, 49 Caleaiall A0l (4 4] Aadll) Jila ) () £ Lainad)
LA Caleatiall 4) g aaat sy Slinterface J) 1o (e 4l Jilu ) ) plaiadl S

Topology Table

pois Ladie (1985 J9aal) 132 TOPOLOGY Ji ds2> 92 EIGRP JsS 5890 4358 g2l AU J gand)
JS A8 jra 3ok oo iy Ada Guy Al o jla JlaU A8y ke S 8 Lag 4l ab (e 4 ey g JS
O

B sugn JuaBl A g, Sha dediiny o3 3kl 8 SEUCCESSOR Ji s : Successor -
9256 e i Juail ag S B 9 A S O Juall (fila g 33 g9 43) J 985 mall pradagil g,
S Gy A Jual) Aag (A (58I 512 Aaghl JLEAL A gl p sl 512 (o4 4l da gl
I 2 a3 256 JI p Jaaad) A (58 Alad) o038 (2 9 SEUCCESSOR Ji (2 Azami La V22 9 B
Siad Juaid asaal) ds yud) 31k (e JaBd Ll JLIAY) b alad LS ¢<U 5 Feasible Successor
dadia 4 dl) (A& Jhoe ol lle pAlil) A g (i 0 Anle (585 512 438y s M) Jadl) (Saall (1
Q58 4al R (g b Jabl Gluia¥ METRIC Ji pliiiul; EIGRP JsSsign psiy | dasdl)
S0 On Juai™l Gash gl 5 0@l 508 45 SEUCCESSOR s pladiu) (b Jo¥) add) 2
Al




Al 52l L&Y kil s g BACKUP ROUTE Ji (2 4:ai L g8 9 : Feasible Successor -
JI 2 s 231 138 s SEUCCSSOR ¥ i) (5 jh (o Jualyl) S885 Ladic daladiia

O Jlal) A8y jh Juad g4 A) 13 o uta g 8 METRIC Ji &) 45 Feasible Successor
Al g Sl g de w31k (8 g g Aualial) Alal) Gluda) gy sk ce dligdia A, B gy
Jadud) Jadl aladiuly eigrp JsS 5991 p i sUCCESSOT Jo¥ Jadl) aad5 Lanie Sl , bl Jas gﬂ
« Qi i 1) Al 58 ¢y 5840 Feasible Successor

Advertised Distance and Feasible Distance

adld eigrp JsSsign Jmdly asliladic g, b gy Om Al 4Bluall 4 5 Advertised distance
Al 038 5 430 > a8 (0 A8 jray Jig) JS oo el sk oo (A A9 hello b (pand Al a2iiny
advertised (2 oad 13gd Jg; JS (o Aluall iludal die g advertised Ji 2 Lyl oand
cluda) Jals ¢ feasible distance Ji el 4ia ol o jla g gy G d8la B A9 distance
délall aax (4 feasible distance Ji 13 b Jig Alaiall network Ji sa, b sigy o 4dlual)
ca, b Say Om Al 54 Jaid networkdi sb siss om

!.ﬁ.dvertised Distance
“Siraln __Fa_ﬂre.l ==

a1 ' allf1
29 L 7811 2511
' Router & Router B

Feasible Distance

Active and Passive State

J Al B 058 (B 43 successor N BA) Lo aalna g8 it Alla B 5900 S Ladis

S backup route sl Jat b (e Gyl a%y ¥ 9 3 s gLV JS ) e passive state
dadAloy

259 Gy A B 0168 438 backup route sl Jivbd o dag Ala (B S50 (S Laie oSy
. active state J) Ay audy

topologyd) J s (& cislanall 038 JS auda gy o 98 4dld ililll 02 JS cleatia) (o S g0 (o ) 22 -
L JSa 13 e L 0 5%9 Table

IP EIGRP Topology Table

FD and AD via

Destination 1 Each Neighbor

Routing table

The IP Routing Table

Destination 1 Best Route




Ji cus<is s a5k Topology Table Ji s Neighbor Table Ji dsa> ¢usS5 (e s1aR) sy
Advertised ! Ja o3 A networkd) 5 5l JS o s sias Jsaadl 13 g routing table
-l Jall 43y Juadl g EIGRP JsSsis DA (a

PP (A P  KT )

IP EIGRP Neighbor Table

Next-Hop Router Interface

Router A Ethernet 0
Router B Ethernet 1

IP EIGRP Topology Table

Feasible Distance | Advertised EIGRP 10.1.1.0/24
Network " (EIGRP Metric) | Distance | Neighbor

2000 1000 | Router A (E0)
2500 1500 |Router B (E1)

IP Routing Table

Metric Outbound Next Hop
—*| Network | co.sible Distance) Interface | (EIGRP Neighbor)

10.1.1.0 /24 2000 Ethernet 0 Router A

314P_126

il dad

JsS 59 O il O g Ad) s (g Al Juad Jile ) dusad EIGRP J 58 5 9 0 podiesy

) 138 5 Adl e o Gjladl) A Lgandiiay A Jila ) ) aaiess S multicast addies EIGRP
2 A Jilull 038 9224.0.0.10 52

multicast Ji aladial 3ah ¢ 43 Juaia Jig, JS Ll Sig) JS a gty Al A 9 ¢ hello -
Cgls 2l kel Y Al A

A5 A (B Loyl Cyaatl) Dl a2y o routing table Ji Ao 523 Al (A9 : Update
Juas ¥ A (B N o8 59l (a0 & (6 ilidy EIGRP ) JsS 585009 42! routing table J)
. unicast 4 8 o) multicast JS& A La) Lglu g JadE puad &igan A V) Cyaadl) Jibu,

o3 & 4ild successor Al ous ) bad J ol Ad1a88 s & )68 g8 g yal) Lgaddiy Ul ) A 9 :Query
. e Juaiy) A4y jha 288 B8 petwork ) Al routing (b (8 aMadal Al Ju gy Adlal)

EIGRP JsS 59 Ggiob 08 Juall adlaial) ) ddaiead) Lgd 058 AN Al A5 1 Reply
. unicast JS& & (s g

. routing table ® Wrda ai 85 Lgd dlaiu) o 8 yaatl) Al o) o wsb Ay A5 1 ACK

Routing s Topology Table s Neighbor Table Ji Ul aas Al x) ¥ o G aiiu
. table




9 el Jgf ¥
R1#show ip route
(ol gl eigrp Ji W addieal) sig i 33393 sall routing tabledi JS U i maw ) 138
) s 2 3D s eigrp JsS e Ara priies oAl V) il dadag, Y S gl
. EIGRP Js8 5552
R1#show ip eigrp topology

p <isa Wi i route JS ila g Eigrpdy 4l routing table Ji W (2 mw gilad) oY) -
29 ad, Wiy successor 4alS iy active el yalddl a dija gl passive ga gl aldll
13g2 Lald) feasible distance - FD Ji 4ad aaiu 9 s, 138 ) a5l hop countdi s
sl o3a ) Jgea sl iy sha 2o g Ad) daia g 2 (o AS idia g gy S 1Y) Ll g, Slawal)
sl o ) Jmasll Jlwa JSUFD i Aaddg

R1#show ip eigrp neighbors

P Ly eigrp JsS s b 08 el xS M) il Ol W o m glad jaY) -
. Ll Jaiall interface J)

R1#show ip eigrp traffic

s Updates Ji Jilu 230 g dliiaiall g 4l yal) hello i Jilay 238 W G jmi Gilad) paY) -
g Ak alaiies Al (ol A Aliial) g A pal) Jilu Y L Ack 5 Replies 9 Queries
(Bl Lle JaSin (Al Jandl Ay Wl gmidan g g b ladid g 390 (e EIGRP JsS sin <l
LA el ) Gug )

Jileay puadll JS& Jadi AN 5 ) guall 03¢y () 138 ATAT o) Gl g

@ i | am router A, who is on the link?
= Hello

[
L

Neighbor

Table Hello, | am router B.
4 Hello —

Here is my complete routing information.
o < Update —

. Topology
Topology N Thanks for the information! Table
Table — ACK

>

@ _— Update Here is my complete route information.

L

Thanks for the information!
ACK —_@

Routing
Table

Routing
Table

4
<

Converged

314P_127




EIGRP Metric

1 (0 S e Wblea (2 Aaiad metricd) o g feasible distance J) s successor

A sl 5 suaall G 4o B :Bandwidth

. Juai) g 252 5all Al : Delay

keepalives Ji 4xalld o adiai a9 AY) cijhl) ) Jguasll 4ad JBi ; Reliability

Ji e 8252 54l bandwidth Ji e 2aiatgdgashl 5 juaall (s 22 55 Jpend dad B : Loading
. interface

JsS 50 aladiuly JAT A dasiicie dgal gl ) jhaall ¢pe S8 daddiies J8SB3a g sl : MTU
. eigrp

(B ATl Aall) 038 JUBAL a9y a1 256 (B Lgana p i a3 il dadd) 038 e metric J) aiad
. Aaaldl) ey alaal)

Metric = bandwidth (slowest link) + delay (sum of delays)

- Delay = sum of the delays in the path, in tens of microseconds,
multiplied by 256

» Bandwidth = [107/ (minimum bandwidth link along the path, in kilobits
per second)] * 256

* Formula with default K values (K1 =1,K2 =0, K3 =1, K4 = 0, K5 = 0):
Metric = [K1 * BW + ((K2 * BW) / (256 — load)) + K3 * delay]

« If K5 not equal to 0:

Metric = metric * [K5 / (reliability + K4)]

a5l 13 8 oIS 13) Gl 5, Baiea Diad g3 Alstaall o3 740 o) i o) i) pa g -
. Student Guide <US 3 4allS Aa g 1da 44 4kl 5, metric J clbibua B 8 i 5 e 418

EIGRP Implementing and Verifying

Gy g, sk (S agiiag | Bigrp 0l (ki p shic s 5ol 138 A s o Gaa ) ) aesy
o ool (Rl dle Jasi (S a6l JS4

192,168, 1 é
ip-10.1.2.30/24

172,30.254.1/24 getway-10.1,2,254

— 192.168.1.1 Serl 'Fag 10.1.2.254 e
J 2811 HI
e Router? :
pc_pr' \ aurer / pc PT
Fal2 PCO
Rt Fo02 {55&” !

Fal1
1fFaEI FaD [ ! ?’_Aﬁ
Fail/3
Fallf Fﬁsu T / B3erl]1 E,m:agq\

2611
172,30,254.2f24 / st Routerl / Switchl W oz
e 172.30.254.254/24 cop 20/ S getway-10.1.2.253

| = PC-PT
S 192.168.2.1 ) 10.1.2,253 PL3
PC-PT 2611

PCz 192.168,2.2 FRouterd




Router 1 S1/0 192.168.1.1 /24
Router 1 S1/1 192.168.2.1 /24
Router 1 F0/0 172.30.254.254 /24
Router 2 S1/0 192.168.1.2 /24
Router 2 F0/0 10.1.2.254 /24
Router 3 S1/0 192.168.2.2 /24
Router 3 F0/0 10.1.2.253 /24

Ll 22 53 Eigrp JsSsis s Al jd 4gle JaSins ol gy jliacal) JS 4 sl o 65 JS Ll 2 g -
10.1.2.0 AS&) (i (8 (S 38 3 52 Sigu 9, 4 Aald Ald00 A%y Jaia 1 figy, Sigu 3 2
Al ) Jgash aadiins Uild 2 59 Juady) Liath L) s 3 backup route Uia L) s ellhy g
cosSallig 3 gy sk (8 agin A jidal)

Y aadl) jhad) Ay 1 e Aduatall 3 3¢aY) (e Y loopback interface g s dliSas of -*
Ay Laldl)
(Config) # Interface loopback 1
(config-if) #ip address 172.30.0.254 255.255.255.0
(config-if) #end

o} Juaid) BBR () Sl pud i aghic sl 1 jig) o JsAAL ashic Yl A pe -
.R3 3 595 9R2 N2 Fgy i asiiuadl Backbone router
oY B agasall Jeaadl Gua e interface JS Aaldl) CililasY) puda gy a gl Ll
Al ) A 1 sy B Jsdally p ghin Ul ¥
BBR(config)#router eigrp 1

e e AR (L M) 80 Ll eigrp S s an paduadan L) gl b Gibed) Ja¥) -
65535 (A 1 a2 (e JLEAY) dliSasd fma a8y Ala Cud W) g Autonomous system number
A0 13 il 1ML | Ay day i 3N AN g0 A dmidal o a0 LAl Cuad o1l a8 1) 138 oSl g
3l o) sf advertising Jas 9 e Jal 1L eigrp JsSsisn pslw AN &) g de gana dasu
. 4 g2l routing table (2 gl Jgaall s
dauia gill 3 ) gual) (B 33 93 gall il S5 g0 o AN Culalae ) auda gy Liad L) laa Judliith JUia -

BBR (config) #router eigrp 1

R1 (config) #router eigrp 1

BBR (config) #router eigrp 2
R2 (config) #router eigrp 2

R1 55, s BBR S5, ! Autonomous system number i 4ad aa gs Uiad A85Ludl el Y1 b
R2 55, s BBR Jiss ! Autonomous system number i e g gy Liad ol 1 a8 )14
routing table update Ji Jabi a sy S i) aa Jua) 41 0 sS BBR gy il 2 dajilly
routing table update Ji Jaliz 34 58 &) ) gy OV R2 g0 3 R gy (Sl gy (nidY) g
. 02 | shaly O ) gradiiay O aalally g




Y a2 ) ) Jasilh %
BBR (config) #router eigrp 1
A advertising Jex as8i O} 155 ¢ interface Ji ol &5 Jb GalAd) a¥) auda ga o i -
BBR (config-router) #network 192.168.1.0

&, 55 aal oda g 4 advertising Jex: asiic interface s &5 Jsl pua g Uiad glead) oY) A
(sl eigrp JS il 138 Uile U LaS (Sl g, (lanal) Lgudany <l 5390 oy o o g (A1) 1) gl g
classless Ji 4ds s Jaxi US o1 13l ¢S5 class C 2 0ol jp brda g W) 5 5 ¢add & jraally
wildcard-mask Ji (s 43 i L g g a giiu class A 2 0aS ip JF 138 (6% o 2 i LS
subnet mask Ji (S 131 Jires subnet mask Ji (usSxa g2 i i LS wildcard-mask Ji s
0.255.255.255 s wildcard-mask Ji sSsd 255.0.0.0 32 class A 2 0aldd)

class A o & 192.168.1.0 Gl ip I s of Lai13) gbad) guagll e Jla %

] Y 5 o i

BBR (config-router) #network 192.168.1.0 0.255.255.255

BBR s el serial 0/0 i interface Ji O pasidilh | 3aall) Cuy 2 ol 138 o819
gy Uad 23 10.11.1.2/24 (Y 4 FastEthernet 0/0 J) interface Ji 10.10.1.1/24 4
IS eigrp JsSsign aladiuly BBR Sy (2 0aldd) clalasy)

BBR (config) #router eigrp 1
BBR (config-router) #network 10.10.1.0

Jals! advertising Jax: eJM class A (»ip 13 ¢ st BBR Jigy Of sSin daiil) -*
auto-summary Ji 2 oo 832 02ic eigrp JsSsise u-\3 39 10.0.0.0 (o Al &) il
el dany Vg Sg il pald e slal il 058 S routing table J) Aabua Jili5 a 585 A g

(o) elia JAE (G gy 0 ) o ghaan (Bileal) B ) Jia o ) 2y Ladind 1 5 S routing table (9SS sl
interface s0/0 s interface f0/0 ¢ JSy class A (2 Jaxd &l aaia Wil 9 10.0.0.0
. gslhaadl Gl i3 g routing table Ji Jal agd advertlsmg Jas i B
) g g o ghias A %
BBR (config-router) #no auto-summary

10.10.1.0 L8 @553 il agisud Wy i LS routing table a}i &5 psha ) 138 %
class C J! Jaip J) ¢ S wildcard-mask J) g g agiic (S1g 4 5 LaS
A LS

BBR (config-router) #network 10.10.1.0 0.0.0.255

..\ALdj < gl) u«ﬂau&uﬁj 3 ) Lea\ s sd ol ‘_\A.\éauto-summary Ji dald I.USJUA\ Loy %
3 O OSE Adas ASud bt ¢S 1 Qe auto-summary JI Axald Lgasli ) 3 juall o AL
oS5 class C Jah Asdlly, 172.30.3.0, 172.30.2.0, 172.30.1.0 SIS agad 5 S5 vian
Al el g ALy psiic agtaal a.S:u."ﬂ\ o3¢l advertising Jex daldl) clalasy ro 53 a9l

Router (config-router) #network 172.30.1.0
Router (config-router) #network 172.30.2.0
Router (config-router) #network 172.30.3.0




Agadl B A AT il L) cund 13 Ll AuiSin oA jaY) AUS 8 A glaal) A5 jhall 4 o3a cillSg -
A ALEal) dgad) 8 At of aaia LA

R2 # show ip eigrp topology

IP-EIGRP Topology Table for AS 3

,Codes: P - Passive, a - Active, U - Update, Q - Query, R - Reply
r - Reply status

P 192.168.1.0/24, 1 successors, FD is 20512000
Via Connected, Seriall/0
P 172.30.0.0/16, 1 successors, FD is 20514560
Via 192.168.1.1 (20514560/28160), Serial1/0

IP-EIGRP Topology Table for AS 3 dauii Wl jgday gl of 225 ¥ gl daiih) 5 4 LaSy
Autonomous ¢+ S| WAl (1S 13) 9 Autonomous system number Y= 23<iall AS 3 5
LAagi e A A gl 0235w system number

g 8 Giay Vg 8 e e B 5390 o) linag passive gl 2 el p Ji Jay Wil -

1 successors 4alS 33 ai §1/0 2 gl ip JI o rg 43 dade Ll AE oda ) Juagll 5 A
feasible distance Ji 4a 123 &3 Lt Jat 22 g3 ¥ g 1 Bas) g Ay Al g 23 g 430 (s

Sgaaly jp Jal haay Al Sl 485 U auto-summary Jax a@ Al aadu aaY) g GG -
O i o (Saall (e S5 auto-summary J duald aladiug dagii il sda g 172.30.0.0

. eigrp Ji qualiy Aalidd) clalae i Jals jlaad) (uds

auto-summary J 4xald ¢ gSiué jnterface ¢» AS) 2 4l jp Ji oda cuils 13 o<ty %
o3 Jas gy gl oY) 9, 4 e e € 13 g interfaces ) 03 pdiy o gl ATV Bars Cud
. R dpaldl

BBR (config-router) #no auto-summary

aa F9u 3 O IS e L clalaey) g gr YT a ghie Lnal o) e gil) JSAI) e Jasil 1Y)
LB clalas ) AN

BBR (config) #router eigrp 1

BBR (config-router) #network 192.168.1.0
BBR (config-router) #network 192.168.2.0
BBR (config-router) #network 172.30.254.0

R2 (config) #router eigrp 1
R2 (config-router) #network 10.0.0.0
R2 (config-router) #network 192.168.1.0

R3 (config) #router eigrp 1
R3 (config-router) #network 10.0.0.0
R3 (config-router) #network 192.168.2.0




Dbl o2 4l i pghs gy IS Of e Jigy JS JAN clalasy) oda pud g aay -

DUAL-5-NBRCHANGE: IP-EIGRP 1: Neighbor 192.168.1.2 (Serial1/0) is up %
new adjacency

I ¥ iS5 BBR router () ol -#

I neighbors for p

old Uptime

0 - Query,

B - Reply,

20512000

Z051z000

2 successors Juai ‘WJE (e JSH ip address 10.0.0.0 fﬁ dala Aall of aiu o8lg %
¢s ) 192.168.1.2 ip J) eaba gl ) QL Gk oo ASAD ol ) dpasl) (S (siney
. backup route Ji 48k A sda g 192.168.2.2 ip waba @kl Gk

E - BIP, M - mohile, E

Ia - O8PF inter area

5 inter area

Fa
iall,

connected,

10




=Y 52 10.0.0.0 A& ) Gladll axiicial) 3 kY of show ip route Gilud) oY) ¢ daia %
192.168.2.2 2 A ) Gkl 5192.168.1.2 a8 cuala
38l B ) gually Aad8 5 ) guall ¢y 8

S

I - IGRF, B - RIP, M - mobile

L1 - I®-I% level-1,
ault, T - per k c route, o — ODER

S

routing table Ji (8 ki 3a) 5 81 )k 4 maal 10.0.0.0 A& L) GAL g k) o Badl *
JI Ja1a 192.168.1.2 ipdi caba ALY @kl ey ol il (g, 192.168.2.2 s2 9
192.168.1.2 (=¥ of 32 topology table Ji 4aii & U ki 131 ¢l Routing table

. backup routed s 54z 253 5o

IP-EIGRF Topoloogy Table

B - Peply,.

-

) 128 ¢ serial interface 1/0 Ji Jals bandwidth Ji s Uad W) 8l 13 8 cud) g -
O A0 Jary il a8 &ty g serial interface 1/1 Ji 4ad (e o) iad cauald 1024
successors <ULl Ji3 il okl ¢ g8 Lagia Ga U 4l cpalial) Gy )

feasible successors \S 4saiioy 43¥ dld 5 topology table Ji 2 353 50 AY) jpdi aad Ll g

R s A Uaja ) S8 eigrp S s dissal) ey aud g ca Ll O 2 N1 -

11




Ip default-network

R2 ,R3 Jxai o 14y interface serial 1/2 & <A Juail 4.8 BBR g of U 1) -*
ip default-network 31 13 g pshicd  BBR A (& (0 G Aasd | gariiuy
Gl aaion ADA G g1 @kl e Giailh R2,R3 asii eigrp Ji pladiul s BBR Uiy o
LAY
JR13 (e padiicua ¢ Lia 8 ‘9!5 ety ¢l N oA ) iy 0 ip default-network J-“Y} S5-*
dass el Gallllip Ji ¢ i 0 google.com (o) M) 3 BBR Syt daldll A4
Jlsdl default networkdk wasd) ip J) ) QAL g0 p shaud A4 JANS 352 50 1 AS)
ip default-networkd) (s 7 54 S 138 g | ip JI 1 ¢
AN 7 A Sl Sserial 1/2 J s @il gl g agiic BBR Ji g o JAx o oy
BBR (config) #interface s1/2
BBR (config-if) #ip address 4.2.2.2 255.0.0.0
BBR (config-if) #bandwidth 256
BBR (config-if) #clock rate 250000

serial interface 1/2 3 4alid) cilaley) auag (e Uy N
ip default-network ( 4aldll ialsey) pa gl M) oY) Jaiiie o*

BBR (config) #ip default-network 4.2.2.0

225 L g Aagad dle Jaad o) 539,00 Aaldl) jos Ji Al CullS 1) ab) 5 G g Gallatiag Y A gy -
Je&d) 1igs static route CnsSh a8 gl )

ip route 0.0.0.0 0.0.0.0 Seriall/2

a5 ga culdlasy) odd g 5 o Aaa s J) Al ailS 1) La)
eigrp Ji Jala clalasy) oda el L ga ALY 5 ghadly

BBR (config-router) #network 0.0.0.0
s Gaob oe iy, Alal oda agad) cond il yig ) AL of asli 5 ,AY) 5 ghadl) LA oda ¥
R2#show ip route
Al ai jhad) 13 o) dadag -*
D*  4.2.2.0/8 [90/15610] via 192.168.1.1 00:56:44 , serial interface 1/2

Jused) o) AY) Jal Jast resort Ji sa ) Ao ) Jaa @*ﬁ)ﬁé@\uﬂw\ * dade 4 t*
_ﬁdﬂ‘i\uia)i\éy‘s\g\d;ﬁéﬂ\ ) uijgl.bmﬁi‘!\

12




P neighbors

Addre=ss = o Q
) nt
oo-o0o:-12 40 1000 0

40 looo 0Q

show ip eigrp neighbors : Jiai 13l g daiill 038 7 & (e Eaaili C g (N -

A e S A et M) i S by Pl H s, H dia -

AV gl o) gie 4 5 5, address -

AV S50 Jaty ADA (e ¢ interface Ji 25, interface -

bt a1 130 5 JAY) 590 e hello Abuy dba S 5390 0 1% M) <34l g5, hold uptime -
Aadiliny ol g Aduad ai 139,00 13¢d G dall 18 () iny G g Bl 130 DA AL ) 028

¢ <dgl s 9 RTO (retransmission timeout) s SRTT (Smoothed round trip time) -
Y sl O Jusi routing update table Al Siad Lgale )1 IS g Ay Jlaw ) i ey
Joasl Sl o liihy M) gl 5gd RTO Ji Lal Ledbaltia) a3 Adf sl Lgale 3y ) gliad o3 AT jig)
i) a3 Alu ) oda of ACK il Adla

Jii g Ll ) oy 81 Chuall (B JBAT AN Jilu ) s ga g, cinall (2 all i queue , Q i -
congestion problem might Wi Qs 3 gy Ad Jia cpa AS) ) 280 138 31313 4] gSuan
) ol Jiley 2252 Y131 e (g glea @B 1) 138 S 1Y) 9, exiist

update, query, or reply Jitw, Al Jia 3 80 a9, Seq num (sequence number) -
AV g e lglldind o5 packet

show ip route eigrp : Jiai 13la g dagiil) 038 7 4 (o Eiaati Cigs VI -

ki Si9) ) (e eigrp JsSsion IS (e Wale il a3 LAY ip route Jf par <Y 13 g ¥
Sl o3 L) el

eigrpdl Gab oo Al olb (1o a4 (g 543 D) i s () ey L

raiiallyy S 7 3 Ll Aalsl) o3 g NULLO 4alS 2 5 lgole G jaiins Sayan AalS Lgal an gy -

N Al 0da (e adlaiuad Al y Juu 5 M Lgleaad 5 172.30.0.0 ASucil) 038 (4 AlSia Ciaa 13

Gk g ¥y o Alaia LY 4S80 030 () GlAAL (5 AT sk 23 g9 S 1) alriead o AY) ) g0
L ALA it summary Jes &40 Ly L) cladl A

LRZffshow ip protocols

Default n
EIGEP met

external 170
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show ip protocols : Jici 13l g daiill o3 ¢ 4 (e Guaaii i gaw QNI -
4 ey dynamic routing protocols running on the routerd) JS oa o 1Y) 13 -
A gy A Gl Jilag Al @b oo Gal (o) Aalin A8y jhay Jand Al Y 68 585 ) JS O 2

Ualsh 5 e SN Sl andiad A g gl 138 Lgaadien 3l metric O Aad 5 6 o) U aadaiad
K1 ,K2,K3,K4,K5 &

Al 9 suaall G daw BB :Bandwidth

. Juai) 8 agasall AL : Delay

keepalives Ji dxald o aaiad a9 AY) Gl ) J s sl 4ad S8 : Reliability

Ji A= 3352 54l bandwidth Ji s aaialg dga sl 5 smaall (o aa 65 Jaend dad B : Loading
. interface

JS s pladiady JAI A daadiees dgal gl ) sdaal) (e JBI) Aadiicea JB5Baa g il : MTU

o . K eig}’p
day L) J g o) iy AWl sl o)) 238 EIGRP maximum hopcount 100 4l Wi -*
L ey O el 2y 59,100

a5 (G b asdieg 43) S variance 1 4S L) EIGRP maximum metric variance 1 -
successors 4 oda ) claall

hid 50 4 Laa 408 ) GAM aa aBlS aadin Ghigu 451 a3 : Maximum path: 4 -

Malticast Pending

¥ Flow Timer Boutes
0,10 u] 0

0,10 a ]

0,10 o ]

show ip eigrp interfaces:Jiad 13a g Aailll 038 7 y& ¢ &aaatil C g Y1 -

eigrp JsSsis s 4dde Jalady 53l jnterface Ji s25 : Interface

interface Ji 13 (& b 0& aga Juat¥ aly udll o)) juadl 33 : Peers

Su s O LIS AN Jilu ) a3 : Xmit Queue Un/Reliable

interface Ji 13 (b oo W) o ¢ LBIE 3Y Jilw Y : Pacing Time Un/Reliable
interfaceJi 13 (&b (e luy Juu ) Al ADIA 53 <86l : Multicast Flow Timer
multicast J 48 sk Ll ) 320k Co

Alal Ja1a W g als 3l routesdi 2 : Pending Routes
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[EERfshow ip eigrp topology

IP-EIGEFP Topology Tabhle for A%

b

0 - Query,

FIr i= 3011240

10.0.0.0
Beriallsl

V., Beriall/0

show ip eigrp topology:Jial 13la g Aagiil) 038 7 4& (e Giaati cd g VI ¥

AGAl Clalll 5 A) ()b (o Gayi ¥ g Gl dada g ALBal) dgadl (B M) g, ¢ a3 : Passive (P)
ip JS alal o) 5 &) G 521 Cijad) ga g daa Jaxii Al

S Al @b i Al router ) Jsash Jolad L) Jsa sl Jglad Al Al o) e : Active (A)

Ll Jusi
Al Gkl Jpasll UL aa g0 OIS 1Y) L) 5 B g daas a5 3B jp J 13 o g : Update (U)
L) Jgasll

Al odn ) ladll A gy sk (e adaiu) oy 4d) it : Query (Q)

A o3 (o pSlaties) Al ) Ju ) B g )8 35 Jlea ) o 41 inds : Reply (R) status

Joasll Jas 33 99 ¥ A3l Fad & g W5 o 0y Y el Al o8 9 ¢ Stuck-in-active (STA) status
ORISR

mark 1

0 dro Bs

-

show ip eigrp traffic :Jiad 1ilag daiil) oda 7 )d (8 atati g oY) %
hello ,update ,queries ,replies , ack (s JS (e Wbt g Ldba ) a3 AN Jibul) 2 Jiad 2
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Configuring Advanced EIGRP Options

ip 2= 4 auSivlan oe JiS) Lge Aldie Al Wat (813 : Route Summarization -*
192.168.4.0 192.168.3.0 5 192.168.2.0 5 192.168.1.0 Jis address

48 & cuald 111 12> 0 428 routing table Ji O 2w eigrp Ji J312 ip Ji 038 aladiuly 2 585 Lasie
Jia dalgip JA3 LS il o3a aand 5) summarization JeS A9 5 el 38 aa gy s
. 192.168.0.0/21

Jusiladie g yia routing table aaa clial ¢y s Al S A4Sy J o 5 ol 89 Sl -
oA kit Y 8 g e Al aaa o) 2ada g AY) @) g M update for routing table {luw
192.168.10.0 Jia AT a5 (e s A8l (815 ip I ol Agal a2 g9 AT Jig) 29 59 A

LA a3y ) Gl AT sig) o) & Ladie Al daaald Gl Adad) o2 b

i Al nullQ AalS g g Al 41 i dipa A0y (alA ip () summarization Jex asii Ladic g
o A (il Alatia LSl G (B ASpdl) 0 ) g gll AT sk o Gl A loop Sigis

Lgde Laas AN Jia clga) (e 4o sl summarization Jas aly CisS -
Al Ay s B ) lSa sl & Al summarization Jas 45 G ) IS AU 8 685 Y -
A JEall Jia e siie )

192.168.0.0
vian A < galdl) 28 1) ASY dldg a8 Y A it sdie aa g ) jluall il cudd ) aada -
192.168.4.0 525 vlan A sis iy o2} a8 1) ileany a gl Ll -
Ji (A dlig binary to decimal ¢ Jasail Gih o8 819 Al 1 138 a9 slual) Jary o ghi UL -
SAAl 4 oy o2 LAY 0B oct

128 6432168421

0 0 000001=1
0 0 000010=2
0 0 000011=3
0O 0 000100=4

2l sl Latay cual 38 g Lgaliad ¥ (A ald Y1 Bl aany o g a5 ¥

das a3 M o) 13gs paldd) mask J) LS e 1)) 240=8+16+32+64+128 = Al
255.255.240.0

interface Ji i ¥ 134 gy ashin, 4 galddi mask Ji sip Ji g ashin ol WG
dgle Jari US (g1 JUial) e U S35 13) g ASl) 033 Juarli AIMA (e (s

192.168.1.2
ip-10.1,2,30/24
172.30.254.1/24 — getway-10,1.2,254
— 192.168.1.1 10.1.2.254 =
_! seng ‘L Rraoi0— y__l
PC—P’T' \ Router2 PC PT
PC1 FaD,I'Z PCO
FaD.I'Z @Ser 1o e
i’FaD FaD nE= i -
Fal
Fa0/ e L Grserif1 I3 ésDFaUH M— .
Switchl i Switchi ij ip-10.1.2.33/24
172.30,254.2/24 Routerl p-10.1.2.
. 172.30.254.254/24 ger1 0D S getway-10,1.2,253
l Gyl ey PC-PT
v
] 192.168.2.1 / (5 10.,1.2,253 PC3
PC-PT ST
PLe 192.168.2,2 Router3
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serial interface Ji cSuagl) s 4iad summarization Ji 13 a5 2 siiu 3 interface Ji -*
P (i) e Juaga (Al

BBR(config-subif)#encapsulation dot1Q 1
BBR(config-subif)#ip address 172.30.1.1 255.255.255.0

BBR(config-subif)#encapsulation dot1Q 2
BBR(config-subif)#ip address 172.30.2.1 255.255.255.0

BBR(config-subif)#encapsulation dot1Q 3
BBR(config-subif)#ip address 172.30.3.1 255.255.255.0

BBR(config-subif)#encapsulation dot1Q 4
BBR(config-subif)#ip address 172.30.4.1 255.255.255.0

) 13 Aaldd) cilbilual) Jany o glin (N ¥

128 6432168421

0 0 000001=1
0 0 000010=2
0 0 000011=3
0O 0 000100=4

‘ 240 = 8+16+32+64+128
255.255.240.0 s 4 el mask JI 5 172.30.0.0 ip Uzl O sSaw 43) Al

router eigrp 1

o.0.0.0
192z.168.1.0

network

network

rk

netwo

network

rk

netwo

rk

netwo

rk

eigrp 1 Jals Aslaly Liad Al jp JS d8Ld) sy JSAN) g8 13a g -

netwo

BBR(config-router)#network 172.30.1.0 0.0.0.255
BBR(config-router)#network 172.30.2.0 0.0.0.255
BBR(config-router)#network 172.30.3.0 0.0.0.255
BBR(config-router)#network 172.30.4.0 0.0.0.255

no auto- summary - &S eigrp 1 Ji ) LAl a il GG _x

BBR(config)#router eigrp 1
BBR(config-router)#no auto-summary

AT 80 aga Juai) Cdlef 1 Al ol ags Jualia »mdam',?&,‘zj,ngghm,-*
4 cplalia sig) JS JAIA no auto-summary sl GESS ) Uile g

R2(config)#router eigrp 1
R2(config-router)#no auto-summary

R3(config)#router eigrp 1
R3(config-router)#no auto-summary
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oaldl) Y pua g a5k A serial interface 1/0 A= Jsadl s BBR sisy ) il ¥ a ghic -
Summarization
sty g ya¥) AUS J8 JSAL S ) g a9y gl lld S8 081y -

A

B - Beply,

& JBial) 13 QI S laan o 05 o) e -
BBR(config-if)# ip summary-address eigrp 1 172.30.0.0 255.255.240.0

Autonomous system Ji ad; g ¢f @y Uil 333w ip summary-address ¥ g g 3 -*
autonomous sys num ¢ JASi daie ¢S 13) alal of g eigrp J 2 02 number

Al 590 130 Jay s Ul L) Laa la idilh a9 € B 1) 13gd (5 AT B0 sa¥) 100 guda g chile s
Gusi O Y i) yig ) aliaa JAT B (o) eigrp 2 Jars Wby serial duay 3k o8 s Al

de ganall 03¢} Summarization Jes Q9% (S5 03 i) de gana
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00:01:46,

Seriall/s0

FastEthernet0/0

show ip route ¥ (udi 4US; cuad g R3 gy ) card 1) 0‘13 *

Summarization Ji (2 GaAY ¥ g Lad LY @llly s

5 o gt

989 ALUIS (el LA 4 gllaal) Aail) Lg)au\daﬁdjﬂ\u\ g

R2#clear ip route*

Uad o dlf Eyaatl) o 5 S Busa 5 Al (o e<ig 4asll routing table Jf gowas p gl sa¥) 138 5 -

4

«

Load Balancing Across Equal Paths

L JUa) 8350 ga Al Jia ASud ial (S 1Y) 12 ala gl (e alSi oY -

192.168. 1 z
172.30,254.1)24 ==,
192.186.1.1 Serugj
Q 2811
: g | Router2
PC-PT \
PC1
Fa” (BSerl,fn
FaD FaD D,
FaD.I'Sﬂ ‘@Serl,l'l
£0-24TT a1 ¥
Switchl
172,30,254.2/24 Routerl
172.30,254.254/24 i FalJ,l'lZl
& =
— 192.168.2.1 / 5
PC-PT 2311
Phd 192.168.2,2 Router3

19

ip-10.1,2,30/24
getway-10.1.2,254

10 1.2.254 Q
el ]
PC-PT
aD,I'Z . PCO
™~ 2Fanf1
Fal|3
o0 Fa0/ \
“Switchn ip-10.1.2.33j24
—:‘_getway—lD.l.Z.ZSS
PC-PT
10.1.2.253 BG3




(e JS adiiw router 1 sigy Ja OS1y 10.1.2.0 A&l ) Jguasll ¢y sl aa g9 4] (5 45 LaS -
Bgal) 02a laa (i piadl ) o Aladl g ¢ AAd oda L) Al by jlal)
BBR # show ip route

o.0. ed, 2 subnets, Z

ia 122.1e8. 2.2, 00:17:3

3014400] %

=1

192.168.2.2 $2510.0.0.0 ) S successors il aalg g b adicy g0 &) dde -*
Load Balancing J«= 5 (¥ asiiey ¥ 1313 FD JF oudi agd 595 e ¢) 05 0
Y Gk oo dly Giilasll o load balancing Jwa¥) &35 Jary o shiu gl
eigrp JsS sl @lilie) cal g gy Y 138 g Variance
BBR(config)#router eigrp 1
BBR(config-router)#variance 2

dalal sie serial Ji (il gl ¢ load balancing Ja BBR i) gobivnw 43y jhll 03¢y
10.0.0.0 A& ) Ay () Jua Y

Ca G (3 s 2 gy (K19 A 03 ) Gl A iy pha bl S 1) Ad) e aild variance ) -*
Bia dpa Jary o g ( gleatia | gusad (Sl g el ) Adlaa ) iy o 98 Al (3 phal) Aalisa Gapany (ALY
i ey el g AN gy okl Ao AL g Al ) o Gk Jo) Gk o8 Cmida Sk ash 3:1
bandwidth ¢kl JS e (5 glud

6 (o) pladic) pobiiea g < ol (udi (& (s shal) padiiead ¢ 259 (ool Ul L) giny 5482 o8 ) La) -
Al oda ) Jgeasll (30

o Jsasll Gl (S dlial g Adma Ay Juual el 01585 () Sy ) (o st (O g Sl g -
eigrp JsSsis O el g Ay caual Jlu ¥ (8 4 juall O 2259 Gk IS JLaly dad g ALl o2
cae ] 40kl o Qg ladie 8 1 5LS 56 438 pw bd e packet Juobs p gk Ladis

EIGRP Bandwidth Use Across WAN Links

bandwidth Ji & point-to-point Lagluass Gk o8 A1 Jigy g A dar poll Ladie %
B Saxbgisa A Sl G813 e, Jual) 138 ) Jalsl 85 saaa (5980 daddinaal)

o iy agh lilil) JAS () gSmd 450N (A ) 518 256 Juai¥) 4 w3 point-to-point A8 sk
is oo

agle Ao jga 980 daddiiniall Aoyl (b point-to-multipoint Juail £ g5 éhal (S 13} oty -

@ o Jua) & g B,CE,D @ figs 4 (phsin A Fgu bl g8 1Y) JUa , shared (sl
256 A O5Sa Sigy JS (Ara Cl Sg) ) o e 1 J) @S eigrp JsSsan psiiad e ]

s

Juaia Alky, i point-to-point by i a5 25 hybrid Ji (o (oo L s SIAN ¢ 5
L Ale de gl gall Ale ju Jalag bl JS UA 9 point-to-multipoint J3) g
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Configuring EIGRP Authentication

(o S gy dS (o e AalS g Bk 08 g Alas S lali g u ) 138 (A%
MDS5 authentication adiied 4% yhal) o389, JA) g 9y JS G Juady)

MD5 authentication is supported by:
— OSPF

— RIPv2

- BGP

-EIGRP
Simple password authentication Ji s MD5 authentication Ji & GGAY

2 058 S clear text 2 <ii simple password authentication Ji (& sl 4alS ¢ <5
packetd) ge Ay} 5 Rl b Uika Cp g<iy 59l 098 g packet J g iy 0985 B jidia
Al ) Iy e S 13 o5 (iyia 5 jR) b Uik g pual) Al o SEAIL A1 JASa) g ) o g8y LS
LA iy Y Al A 3 jAA) 8 mUiGa g ped) AalS gy Y (S 130 g

Fo aghy ol 8R4 b rlika g g dalS ARG o 688 MDS authentication Ji aladialy e
DAY 590 A Al Sl a gy ol il alaT 8 LglAY) g il gSall 0 aladiialy Al ) by
dals ale (989 AY) gl ) Gildaa 5 i b glide 4o 058 AV Sl pddnl o8 Uk g gy
BAAN b Uika g yeal) dalS (i dle gy Sigu IS O Larg, A Sigll o Baga sa Al Aliles
LUl ase o Jblay A3Y AY) AU fa Ula) ST aUAIH 138 g Al 1) JA03 agdla ) Al S0 39 50D
L ALl J308 e el dalS

chain key Ji ( Cias e alalll 138 8 33 os MD5 authentication aladia) ) duilly -

O CSaall (o JUall (o Ao A aadin (pima by Uik (15 iliall (e Al 23 53 4 Jray

Jia AT s AalS aadiind a8 ) ggudi 3 B3ad 30 aB 344N <l Uik g s AalSS Cisco 1 4alS pddid
A <19 1388 g JAY) 3 AAl) B FUida g ) AalS Baa plgiil 2y ol 3 Baal 304 i #Lika g CIA
ARy el | gl pudly &l g M IS e gl Chal 5 daseds g Jaleaty IS Y) 038 aladid
JAla B gl b dard AuEN B sl g fig ) etk Euay (network time protocol ) NTP JsS 55
LAl

DR ) puda gy 40 i ) i @GP JsS e ge MID5 il aldii aladia gl -

e g Y AV 5 gy e Rl sl aga g iy Hg) 0 On Jual) adad oy g gl e
AV S o Llali & oY) gl o Lpdaia A1) clalie ) fuud Lagl quagg pddal) otb lide
JJM\‘;AQIAM.«N\SQJS&S\JSM\JMMJMM‘;@Q\M&\;\ah&.}uud‘ﬂﬂj

. b Jaxt G g (1) 2 gl Al

interface 1o &l g g a g8 () @30 g interface serial s AS) bl aa gy (IS 13) Ll %
ale puaiv ) interface J) A Jsdal qay My Al interface Ao <liacy) sda puaagase
ARIE=N]

21




1- RO (config) # interface serial 0/0

2- RO (config-if) # ip authentication mode eigrp 1 mdS

3- RO (config-if) # ip authentication key-chain eigrp 1 Cisco

D) a3 aladiialy & gy g (AN e L serjal T cildlas) o Ay Gigu J5Y) ¥ Y gl -
CUike alaAul o g8 g G JaY) Bl eigrp JsSsisn o SISy 0da i g a giaw g MIDS

Cisco 4aw! (535\ osdaal S
4- RO(config)#key chain Cisco

5- RO(config-keychain)#key 1

6- RO(config-keychain-key)#key-string dragon

7- RO(config-keychain-key)# accept-lifetime 11:49:00 Feb 3 2009 infinite
8- RO(config-keychain-key)# send-lifetime 11:49:00 Feb 3 2009 infinite

Cisco ambs zeiliall Audus (4 9<is o 98y g global e @l 1) a¥) -

ALidd) o Jaa bk Jgi 0 oS0 a g8t b g Gual ) ) %

dragon sl sl dalS gy Guileal) ja¥) -

AalS audn gy cuad B g Likal) 138 aladiindd A oy G g oA gl A3y audagr o gdy alad) ja¥) -
b g a3t ) Sy AV el g lidal) 13gy Jalail) dgd gl B g a5y Y ) g M J 481 S infinite
o) RS gf Uikall Vigy Jaladl) A g5

W) ol i g Al packets i A 88N gy (s puda g p s (el )

iy AT gl ae Juad¥) adad ol Ad) Al 225 Ciga S, Jof A Cldlaey) oda aulag aay

CAY SN e ek g clalae ) oda ¢pe Al 3L o ghi Mg %
Sl o gl dasda e a8 ) g UM g culalae ) o Jleatiaa) (5 b g daalty Ulad L) aa
ol DA e 3 g J 54

*- RO # Clock set 1:40:00 3 feb 2009

add 40) o Ja¥) yig Ll a ghin ASuAd) A3 Ba g gall il g )l AL o gl il
2l P G el g NTP 48,8

*-R0(config) # NTP master

#. R1(config) # NTP server 192.168.1.1 = LAY dldg AY jig il o pdag ¥ 13
Al Jals e gl) o (o Jsienal) g0 9a O giad) 138 4d) Lo g
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Aladialy AV g0 ) Wllaol S agh A Jilud) ) debug Jam a iy o g addll )
eigrp JsSsis
*. R0 # debug eigrp packets

ol tput omitteds
key chain Richain
key 1
key-string firstkey
accept-lifetime 04:00:00 Jan 1 2006 infinite
send-lifetime 04;00:00 Jan 1 Z006 04:01:00 Jan 1 Z00&
key 2
key-string secondley
agcept-lifetime 04:00:00 Jan 1 2006 infinite
send-lifetime 04:;00:00 Jan 1 2006 infinite
somtpnt omitteds
interface FastEthernet0/0
ip addres=s 172.16.1.1 ZE5.2EE,ZEE.0
I
interface Seriall/0f1
bandwidth &4
ip address 192.168.1,101 255, 255,255,214
ip authentication mode eigrp 100 mds
ip authentication key-chain eigrp 100 Rlchain
I
romter eigrp 100
network 17%.16.1.0 0.0.0,255
network 19%.168.1.0
A o - Summa vy

<l sig )l s e md5 authentication <d)ie) puda g A8l 3 ) gual) -*

Ri#detmg eigrp packets
EIZEP Packets debugging is on

(UPDITE. REQUEST, QUERY. REPLY, HELLD, IPXSRDE, PROEBE, RCE, STUB. SIROUELRY,
SIAEEPLY)
*Jan 21 16:38:;51.Td45: ETGHEP: receiwed packet with MDE authentication, key id = 1
*Jan 21 16:3%:51.745: EIGRP: Receiwed HELLOD on Seriallf0f1 nbr 192.163.1.102

*Jan 21 16:38:51. 745: LS 100, Flags 0x0. Seg 0,0 idbQ 00 iidbd unfrely 00 pe
erd anfrely 070

Rifdetmg eigrp pachkets
ETZREP Packets debugging is on

(UPDLTE. REQUEST, QUERY. REPLY, HELLO, IPXSRD, PROBE, RCE, STUB. SILOQUELRY,
SIRFEPLY)
Ri#
+*Jan 21 16:38:38.311: ETGREP: receiwed packet with MDE authentication, key id = 2
*Jan 21 16:32;:;38.321: EISEP: Receiwed HELL? on Serial0/0f1 nbr 1%2.1638.1.101
*Jan 21 16:38:38.321: RS 100, Flags 0x0, Seg 00 idbd 00 iidbd un/rely 00 pe
ery unfrely 070

debug eigrp packets sl il jia g 65 A8l 3 ) guall -
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Using EIGRP in an Enterprise Network

Lgta g ASal) Jala cililad) Ja3 8 5a (B aSai Al <l igal) (e piSI Sla

Loy 1) Jaghad aue g <l g ) a3 g ASudd) paa ¥

S50 JS Jala Bagasall routing table Ji aaa S ¥

LU 4838 ) Jguasll Jads sk o8 Gl (A g 02Aly (1) i gl)

ALl JAa clild) J85 130 o laa¥l A7 (i ga Lgiia g Lgealaill G g Baaa Cildlas ) Sllia ltM g
S e g Jilg £ sl B ey Ay Jilawg (8 Sl

EIGRP Queries

L A%l 0o Jlual) adlly (i ALy Jileg 08 g0 g Al (0 il G gus £ J0l) 130 B ¥

S AY) ) gall aaly oo ) Jay 1 ok S88, Ladic adatiaad Adbay Jla by 5900 a sy -

cisgl) ) Sgmasll JAT Jas 0o a2 68y A3 active As & (N cadd A route JI -
3 g8dal)

neighbors table Ji 2 3352 gall &l gl JS ) aMadiead Jibeay Sy gl asds -
3 ghdall Al L) Jgnasll JAT Jase 8 adlaiadM

il Sl by Aia alaial) 590 gd adlaios) Al Lgd S yal) i g 1) aa) aag al 1) -
adlaiay) Jual dda 1 g A1 s 00 Naela Ay Abuaiall ci g0 ) aSlaiu

JMJQ?#;\..UM\M‘uﬁjdwﬂ)&idﬁu%am‘ﬂégﬁ{\ﬁbﬁjj\JA\-\%J\S! -
m‘di‘éc;[)«iﬁ‘g:\-“emy‘dﬁu{)ds&-iéjéjﬁy‘ﬁjj‘é!JJMLMJ

ashs 4ilb advanced distance vector protocol < siui o sy eigrp JsSsism Of Ley -*
backup & Il 43 Aluaial) cilSpil) aaf 288 13) 5 AT €l 5 g0 L) adlaien) Jilew ) Jloa i
route

Pﬁaﬂu\ s g& (VR| g P ¥ going active (PR ?MY\ i gﬂ\ M\ (s Adlal) oda UAJ =%
i route (& Sy

Juaia (Al <l g5 M aSlati) Jibeay Joa s sig JS adlaiad) Sl (pe Aduale duaad dlllyg -®
33 g8ial) Al co alatia I gy

Ay gAY gl ) Ll ) als (AN adlaiat) il dsaS (bl LS Ja (RELS Cgou Uiy
stub 4aul sl @1k oo

cish o) 1 Sy, 2y Laxind 2 g duatla 1 Sig) 15S Ledie 4d) pa¥) 138 gy gy A dagal) -

Gl a gy 2 gy M 2 Sy (o) e Ay Jl by oy Lanic 43 Ly Jula (Al Sl (30
Jshy 2 A Jea by o gy A8 AS0dd) 038 () (31 sk 23y ol 131 4340 Al routing table Ji Jaa

Adl) o2 ) Jady Baob Agal 2 e Y 40V 1 Sl )
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%

Al pa A bl 59,0 a g Al aSaiad) Jilay (& fuda g5 dadldl] 3 ) guall -

Regional Offices Remote Sites

Queries

Replies

You do not want to use these paths!

eigrp JsSsigud @) o Jsdally o gii g stub ¥k daldd) clalae ) pdaglg -

BBR(config)#router eigrp 1
BBR(config-router)# eigrp stub

S O pdlaiad Al Juliady yig ) aghy Lesic Adlad) oda B clia 4 glhaad) culalae ) JS A sda-x
summery route Ji a2 Gaglly gl o ghad dima Al ) Jgeasll ok oo Gagll A
Al o2 ) AT sk gaie g ¥ o8 Al Jas gy i gan L2y al 13] 9 4l B g gl

B gualal) Al ) J e sl (81 s Agal ) 2855 Al Jlas s o 98 i g 48 Lgd (3 k229 13)

summarization Ji (A 5 Wil Lgie Wisas 18 g A1<5al) o3a Jad g AT Al o aa gy ¥
4da qulha 13 438! AN routing table J) J3)3 Gl o6&y s 0 O summarization J) Al 2
Lo A o adlatay)

Graceful Shutdown
LIS gl a3l a5 graceful shutdown Ji 4xald g eigrp JsSsion ¢ o A s 5 AT 13 %
2 F5551 Fgu 098 ladie ) @llé Cisco (819 (i (b L (o sl g2 5 aa 1) JHBY) (o Uimanw
1 59, A eigrp JsSsion e A4 oo J gimal) Gudigall a8 g eigrp JsSsion pladinly (phaia
s iy 1 gy e Al Jibey S ) iy o4 g graceful shutdown Jb asdy cigw 2 i) ol
51 sy oe adlaiad Aluy S b asié update routing table Ju ol hold time Ji 434 &
il asiis 1 A9y Y goodbye A Al 2 S sk 4l 40 sy uaiay ¥ 1 Sy,
L ASEN JUd) ¢ aall @l g Ayl aSlatiad Jibey Sl )
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OSPF

Open Shortest Path First

) e ) ) ey

€98 Basaia dadual) cilS Al A ardicy La LIS g8 g Baial) <Y oS g5 ) (e oSPF JgS 58900 siing -*
link- 4sald | gasiig oo gil) o138 IS-IS sa LAY JsSsigull g link-state £.55 (e JsS 59 989
O iy AV Jigul ) Gaaty SV asluy Of ¢Sa Gab JS ) Aad gl Al 9 state

dad a5 ospf JsS 55 asid interface 1 GB <lay (35h = Router 2 2 J<is Router 1
LalSy Bah Sl pingd 33kl 138 L) ospf S s gn Wl (AN dagl) 48 LalSy 1 (2 3okl 13

. bandwidth and speed 4 sl 9 daal (A (8 (31 sk i Al & S

o link-state JsS 589 <l jmaa Cisco Joii Las g -*

Al JA)a cl paall day pad) Alaiuy) -

Audl) JAla it diang Ladie W Euant Ay S ¥ -

dasiicial) (3 hal) 8 il i) 4d jmal Cupaad Al Jlu) (2 aols 4883 30 JS -

aladl JS&l) A sk Jadd Caaa 13) duaal Adluy Jw b Link-state routing protocols asé: -*
Al Jua b ps& 4 Alalial) 4280 g Mia router 1 2 i3 &asy Ladis 9, topology Al
Audd) o (8 Gda it ALy () ) galay S 4Ad) i JS ) link-state advertisement (LSA)

L) Bae B Gaaty o gy 458 router 2 JUall i o s Al 13 AY) Jlgall iy Laxie 5 %
router 2 O8 2 Jig, 2 Al sigy Juaia S 13y link-state database (LSDB) iy 4pal Al
Al Uil Bacld Giaaty AY) g4 a iy SIS router 3 ) o3 uaail) Allay Jla b asdy

link-state > Mainy s3) ospf JsS 550 padied Latie g ll JAI a2 g8 Al Clilyl) Bas By -
routing table Ji W s ddma dga M) QAL 3kl Juadl LA Ge Jg¥) J ghaal) A
Shortest Path First (SPF) L) a% LB fa Al A

WS Al Jglaa 3 01 e i Mg link-state JsS 559 IS ospf JsS s g alay -
. Al Jal link-state JsS 589

3 Jsaal) 54 9 adjacency database (2 Ll Cias 52 5 Neighbor table Ol Jgaa — 1 -*
. router JS: (phaall neighbors Jl @bty o ¢ giay

5 link-state database 4! jLaid) LSDB . 43l JLu sa 9 Topology table - 2 -*
A A e el gl gale i adl) T AN S JS e s siag g2 Jgaad)

Jadl o s giny 98 9 LSDB J (2 438 e YA (e 01585 53 J52al 98 9 Routing table - 3 -*
A dga ) Gladll gk
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‘Link-State Data Structures

+ MNeighbor table:
— Also known as the adjacency database
— Contains list of recognized neighbors
+ Topologytable:
— Typically referred to as LSDB

— Contains all routers and their attached links in the area or
network

— Identical LSDB for all routers within an area
+ Routing table:

— Commonly named aforwarding database
— Contains list of best paths to destinations

Ading ASY Jglan AN oda o Lial b (g ging 48 IS-IS JS g 08 uaaii ) el () Ladis g%
. link-state JsSsig s e AV 8
O ) g ey Of By J g8 g 9al) 138 (B s JsS g9 (8 Cadatl Ladie Ad) ol () g -

O il digwy LSDB Ji aaa gkl g routing table Ji aaa Jul&il dlig area (shlia ) 4dga
. S5 gual) i g8 (S Lialal 3y guall 03 auail 819 Ly B (3lalial) o2

Area 0

Router 2 Router 3

Ol g 43 Aald 43hia area 4 router JS router 2 9 router 3 (e JS o) Adild) 3 gual) B (5 i ¥

backbone area (= 3 (g area 0 2 252541 98 9 router 1 (2 Cpbaia (i)
LI aliad Of g sgdall 130 5 ) (o 8RN 3 gand) ASudh ) Apesi 1) ASul) (2l

2 S LSDB Ji Jgaa Ja1a Bk aghy Cigu 2 Sigy OB 1 Sy 2 JualWl 2 Sy a8 -%
ashy UM A5 jua JS ABat 48 e ) Adla dala B2 g old Mg Y Al da ge g0 138 OIS 1Y)
Gaaail) B dawlald) <l il 335 ADA (e Jg2a 58 g adjacency database (2 saus Jo> OS5
SR Al Jaasll o AT Gk o Gl B B A8 252 ga 0 a1 13) 9 2525 OIS 1) g0 10 ()

ospf JsS 550 (o 0B Jsia

Ol Ad) e (e 4B aay Sig 0 a sy link-state-advertisement (LSA) Ji Jibuy JMA Gy -*
. o Adiaiial) clSudd) g Al ga

PA Ga el g Wanaly A Agall () Jgastl sk Jadl ) J g gll Lalil) dlloiny o gy g, IS -
A3, 5 03 9 Dijkstra 4am) Ja ) b Sl Anlua 43y )k & 9 Dijkstra’s algorithm
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Edsger Dijkstra

18 Wty 33 (0 ASll) gf Agall (53 Judl 1) e sl Apbead) Alanll 03 i) O gy &) Sy -
A e Al sa (e e Lgua g a5k g 43 L)) routing table JF CrsSi o g8

Ol el Al g Ay Laldd) topology Jb AST Al 438 link-state JsSsign pddiey sig) JS ¥
s Al S Gy 5 40 ) S oy g US (oites ASal] 1K1 IS FalS; A guc
ey S sl Sigull sl GeS g gl 138 Juale ey g ASA 0db B AT s, dllia s 1)y

Juadl HAT) B Al U (b Jalsl) alad) JSGI) 13ga g, g Jacia g Lgda £ 5 98 (A Al (ST Jaldig
h iy ) gl ) e sl ASka ) 51

o O Eua dkadil) oda A distance vector JsSsisu ¢ link-state JsSsigon <alidyg -*

o OSlg ol Al Wda s A routing table Ji s adiny i) JS Gl distance vector JsSsign
VB3R M) g g dpal aa g8 AN AN alal) JSAN e aaday fig) JS (U link-state J S sig
asa (e ) Jgastl Gy b Juab

OSPF Area Structure

Al gt (A (3hall area's JI ) ospf JsSsign sl A b oo plSH Cigu £ 300 138 (2%
s ANl g s AY) shliall g backbone area Ji 2 Cii Allg area 0 A9 dage ddhia o
. Nonbackbone area

L Dijkstra calculations 4xbwad) ddlaally aLdll Ll (8 jiuall ASuAd) anad dpudlly -*

JF iy 0585 o g Aoy les Ly 58 AN Agadl ) J e sl (3 ok Qo JLid) g Adgus Al
S350 08! srouter's Ji (ra B S s Lgub 22 gy Al 9 8 msl) A (B oslg Bl L LSA
CgSiecd sk Qb JLIAY dplal) dalanlly oLl (8 Ly Al Agad) () J e sl 3 S Ay 3k
link-state advertisement (LSA) Ji Jilbuy 33 058 gy Jshal < g AU i gou g Bna

. AREA'S (3hlia 1) 5 Sl i) 038 anidi 0 Jualy OSPF J S sy 08 llily S aase

area's (shliall (pa (e o3 AU ¥

A2 g9 gy el 13 JUa gl (padiiniall dd Juay Al dBhial) A 9 : Regular area -1-
serial interface Ji (& interface fast Ethernet 1 s interface serial 1 — interface 2 3%
A9 switch (2 Jaia (58 s interface fast Ethernet Ji 081y A1 jig 0 daalia (98 g
@ (pandical) Y interface fast Ethernet Ji Jsi ¢y dkial) 038 g (pratiical) 4y Juatia 51
ialdl) 3\.).&\.\3\ MQ daldl) C\UL:\:\S‘ l.g-zl Al gﬂ\ dalatal) «*9 Regular area Slamall d8kaiall
Opaddlinally

Cililad) L el g AT 5 Sl g0 Lgaddisy Al ddkial) A9 : Transit area -2-
. LSDB 5 LSA J Jiu) Jia OSPF JsS 5952 52 4nalil)

J Akt apudi JuadY) ¢y 41 Cisco 4S5 Jsiig OSPF JS s Wandy AN (3haliall A o8
router 50 ¢ Wlala & gl ase &5 Y Adhia JS 3hlia 32 ) Transit area
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i AL A e (3l 332 ) Transit area Ji 48haia ad S OSPF JsSsigr 099 (b Ua Gayg -*
!

0588 Al Router's < sigull 9 0 ad ddhiall 4 backbone area ¢ !l 3 ganl) dahais 1%
backbone router's Ji (2 (oaus Adhiall o3a 83343 50

area border Ji43his (A backbone area Ji 4ihais (o 4aa] Ji5 Y (A 5 L0 dahia) -
Al ddlia g backbone J 4dkia ¢idhia o Jaia router W (5% AN A8hia) A 9 router's
(ABR) area border router's— 4, il (3hliall Nonbackbone area (s (4=

Caleatia Al 8 p4<ls Router's 33 W 4ihis (585 A5 Nonbackbone area Ji 4dkaia -3-
BBA Ji 4dhis ) ag2 4alldl) packet'sdl da i o8 Jsical) s g ST gl Jadh aa)g sig

|Lﬁtrea Terminology

* Routers A and B are
backbone routers,

= Backbone routers
make up area0.

= Routers C, D, and E are
known as area horder
routers (ABRS).

= ABRs attach all other
areas to area 0,

Autonomous System

ddhial) 038 JaIa il yig ) anil g (glaliall 43 85 prida g ALl 3 gual) %
routing table Ji a3 Jiig LSA Ji Jiba) 33 J& apedil) 13gn g -

paedil) 138 201 g4 (e Cisco 48y Jgiig -*
Al JAN LSA J Jla e Jlay -
¢l summarization Ji Ades (<5 2-
LSDB Ji Jgaa &uasiy gl Jgus -3-

29




OSPF Adjacency Databases

Adjacency Databases. &)l Jgaa A Sigul sl 488 ce Eaniiu acdl) 138 b

OSPF Adjacencies

O o Sigul Om ABMal) LA link-state protocol JsS i aladil L oty s o) B -*

+ 45 Jalyal) 3k

RS ) ik (8 Bk age Juaia 32 (e IS ) hello packets Al Juals g, S asds -1-
Gk s g o s (s hello packets 2 Alay Julinly a g8y o | WSlas LAY interface's J
multicast address alaiiu)

‘ i (A A Juala 1) gl o 3B g, S iy hello J Jibu JAS s -2-
2 el anidl) (10 AS J 9 La L8 o L) alie) g 43 aldl) autonomous system (AS)J)
el Al (udi 41 9 g process-id ame addiuiv Ua ¢Sy EIGRP

JS sty <1 AY) gl ae 4 dalAl) LSDB Ji Jabia sig) JS ashy ASilad) &l ghdl) slgd) ay -3-

4 (b ab (e JS 8 il glaall (S Gy Al g ASul) JA18 2 93 g4 (o IS g Ad) AY) (1 g
s %Al LSDB Ji (e W ial a g8y saie (S5 al A0 (0 4 glaa 4uailly router 1 OS 13y

Al JAN aga ga gy JS O synchronize dales Cuady il ghall Jals o3 ¢ 68 Al g Router 2
full adjacency » Al o3 aniiy

Area 0

Router 2
(ABR)
(DR}

ABR ,DR,BDR (s 3 b33 lalS! &) Juaid) 338 (5 5 ALilual) By gul) (2 -
. Al dall) (5 85 o) g clathaaal) o agdi Sy -*
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o Juaiia Lagl g area 0 J313 352 g0 Ll 4 JB o3 ) ) J g3 JA13 router2 g2 router 1 ol -
O Jsimeall 3a gl culd A9 ABR — area border router S » hisaiiy cidd 51 i area 1
JS daad of dlile g A ) Askaial) B 393 54l router 1 oY) ¢l daldd) dihaial) (0 Ay () Jluu)
QsSH A gty (g aSi LSDB Jsea Jolli Gab 8 Jb Vol Giana 0198 ol Akaiall 028 Jada (e
DR - designated router 5l JS el Juia iy g | Lgudany (e Gl aSaie (Al Jglaad) JS

Uiia (I Eian 138 i pe Lalyia) Al saie 098 O 3,0 JB algall 03¢ router 2 a8 O 3y -
BDR- backup designated router JLAb aléé i< cualy

ABR,DR,BDR 4:hliia) 4 dda 23 93 9 Ly (pam) Gitala lgd area 1 copal iy g -*

Calculating the OSPF Metric

2 OSPF J5S 58 9 1 Wiy (il dlcal) dl3aal) o al 9 132 ¢ Edsger Dijkstra -*
B A dgall ) Gl g sk Sl L)

B AN Agal) ) ddea g o (Sas 43 Cost Bk JS A4S puda g a gl LB LaS 2 9 -

A B
GB interface GE interface

-) Cost 1 K
GB interfac b interface

ICost 1

Cost 10
GB interface 10 mb interface
Cost.10...10 mb interfac
10 mb interface
D

The best way for router B to talk to router c
Is through the pass B,A,C

Link-State Data Structures

Hgu JS 38U DA e AN g link-state updates (LSUs) Ji by (8 i acdl) 138 & %
L B0 g Gy alg dals (¢ AY) B gl ADUay JS ¢

1 3ay 4883 30 A g 4d Ty s g ! LSA - link state advertisement {llu JS -*
B0 &an 13 g Baga g ) 3 Ad) g ABDla g JA Uiry S A e Cg Adw LSA J Jiley 2 58
Enaail) 13 auda g a iy a8 link state update — LSU ey St 5 Jlu b o g8 cdlal) o2a 438

LSDB 4 dcaldll i) sac 18 Jaha
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OSPF Packet Types

038 (o Cijali g g 4d) i g Al A (158 (S Wiy Jiby 5 4031 OSPF JsS siss -*
LA ld o Sanaailly il )

hello-1

database description (DBD)-2
link-state request (LSR)-3

link-state update (LSU)-4

link-state acknowledgement (LSAck)-5

ip address, ospf version A& s $ia3 Al Jig) ) OSPF JS 590 W g Al JS -
Router-id , area number , checksum , authentication type

Gl Asadll J‘g.sgjh..?ﬁ-*
Aga (e BG4y galdd) o) ) J 2> ospf JsSsian (S Ledis Ju i hello b -1-
ol Sl A Wb g ag@ s Cndl) ) pad) JSI J gan Ll (s

F3) Ll g LSDB i) 208 o (g giad Al 4 9 Data (for DBD packet) 4w -2-
Wal dzle Ui aiiu g router-id (1o Ll s gindy b ¥ g dasa agrlay il glaall ()9S5 (81 Ad) o )
o8 o) (8 cila glra Lgy 2 g3 ely dualdl) duadll) Ayl 0B ) Jia router-id Gl maiialyg
oAl Wgdany &l g ) aal B router-id adiiey ISy 5 AT Baia Cilaglaa g A8Ual)

LSU-link state update s s ia34lu, A5 : Data (for LSR packet) -3-

SV JA Cisday ol LSDB &iaay (12 jigs a1 sigy e dudhs o8 Epaatll o (g gial dray

4l yaa Jla routing table

J dssa (B Baga ga (S0 ol A clipaadll IS o o gia3 Al (A5 2 Data (for LSU packet) -4-
43 4al)) routing table J) Cwaadyaghy A e g, JAl LSDB

G gl A Guaaih e Jlw gl sig )l (e Jusi Al A 9 : Data (for LSAck packet) -5-
L i) 3ae1d g ¢yl uadl Jgan Euan af g Al pall i) Jliia a3 43) 4 351 S Epanl) Ju

Establishing OSPF Neighbor Adjacencies

) QIS sk oo Ay LSDB Ji dgas A Bl g (el 5 Gy g dewadd) Jileapl) 03 a5 (f g %
TWO-WAY state oans 4a ja (M) | shaay ¢ Jgnd) 0158 8352 g0 cilipans

£.55 (o s29ip address 224.0.0.5 () glaiad) sk 8 Ji )l g ) slaby Al 48y 5kl g

. s Al A ya ) J855 multicast

¢! N 4ad ) g interface ip address JSs interface s s sisy 59 JS : Router-id -*
router-id Ji & gy 4l 44 hy OSPF &lilas) b pagi 9 386 fig )l e 393 ga (b 5
10.0.0.1 5 192.168.1.2 , interface ¢ SiSi o 4 s34 ip address Ji o dlaie 13 Jla
Jsai b sa router-id Ji W LSy router-id Ji & gemas <1192.168.1.2 LA sl i g

LY 1an daga (A9 A0 On STl Baga ga Al G (0165 () i D anny Lguany ) M
OSPF Ji ciilas] b ardius
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s ) A (ST g1 81 4y s ) 15 Toop interface il oS 13 58 Alla t3.59 (15 -
interface serial 192.168.1.2 b ¢S 13) Jbia Router-id Ji gy 433 53 gl Ao 3352 gal)

JI s %y router-id Ji SM& (9 Router-id Ji zmuas 438 loop interface 10.0.0.1 <hals
DR and BDR

Al 13 g ol ) A 6510 JS hello by Jbw ) (2 sl asdy : Hello and dead intervals -*
e lalh 18 ey Y glaa 4 2y 4T Gty

doaa A A paas s gl 2 ash adie gl L 0% AN AW A 9 ¢ initial state (init) -*
Ol sl

router-id Ji Jausis Lagdy AY) yig,0 e hello Al Juiad g Jlu ) aly o)) dmy g -*
TWO-WAY state o 2 ) samay dhibad) Jilu ) dusadd) Jlifial 5 Jla)) s ) 2239

aul o full state 2 _MN\ o3 i DR,BDR Ji JLidl o ‘W\-«d‘ Jal el oda AT & dayg
Al Jua s a58 DR JI F2a: master-slave 423 DR,BDR JJ ¢ 48Mall o (gl g dlalsl)
LA aaiay o 4ule g BDR JF ) Cuaail)

Glaa S9N LSU Ula) Jlob il alia S5 a gy QA B 45 (o) Ciaay Ladis g
Ay Gasb oo g Euaaill 13 Lgday al AN g AV @l 5590 JS () Jun O 4l 9 DR S 4l
Jsa ¢l 319 ity Lo sy ad LSUack Al 4de 25l ks Lgd ian 1) ) 53900 sy o3 LSU

L Aasa @l fig ) Js of ) g8ty S agin LSDB

Verifying Packet Flow

2ol A e 50N ) g O Jaliead g Ja i AN Sl ) 038 Ad) ja (e Eataliie andl) 18 &
debug ip ospf packet

Debug of a single packet

Ri#detng ip ospf packet

OS5PF packet delmgging is on

Ri#

*Feb 16 11:0%:51.206: OSPF: row. w:l t:1 1:48 rid:10.0.0.12
aid:0.0.0.1 chk:D232 aut:0 auk: from Serialls0,/0.2

+ Shows fields in OSPF header
JS e ge ¥ Jsiaal) sa s 138 (Sl 300 OSPF JsSsigm cililas) B Jasi ol caid 365 Y
JeSsignall 138 Lgariiy AN Jilu )
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Configuring OSPF Routing

OSPF US55 S) s (v g5l pltios ) 1ia D& %

packet tracer 5 gl axiicia Jgud g A (58 Sy -

O i B gy i) JBaL (s diin of router (V) Juaiv g2 router i adiiuig-
area 4ihiall (udig process-id

192.168.1.1 | 24 192.168.1.2 | 24
l*:»’Fanm e e e o e 20D .l*-“f’;i
2811 2511
Fouter Routerl

area backbone 0

loop back interface 2 s, JS Ja) gudaia Cldlas ) (o & jal) il S -*

Router 0 — loop back interface 10.0.0.1 — 11.0.0.2

Router 1- loop back interface 128.0.0.1 — 129.0.0.2
. RO(config) # router ospf 1 = JsSgign <) gy A (saivien L) gl Joiy sa¥) 138
AS Jl @, gl o) g s a3 OSPF

*- RO (config — router ) # Network 192.168.1.0 0.0.0.255 area 0

W= oalsd) wild mask d) 5 192.168.1.0 Lam) A8 Ul L) g 0 J gl i) sa¥) -
area () 4dkial) 8335294 2 5 0.0.0.255

*- RO (config - router ) # Network 10.0.0.0 0.255.255.255 area 0
*- RO (config — router ) # Network 11.0.0.0 0.255.255.255 area 0

0.255.255.255 a2 0ol wild mask )5 11 510 OESead pda gy Uad B (pfbaad) 0 pa¥) (B -
0 Adhial) JAa (EGAl cpila pdl A% Cligug

*- R1(config) # router ospf 1

*. R1 (config — router ) # Network 192.168.1.0 0.0.0.255 area 0
*- R1 (config — router ) # Network 128.0.0.0 0.255.255.255 area 0
*- R1 (config — router ) # Network 129.0.0.0 0.255.255.255 area 0

router 1 Ji)2 ospf JS5i gl dualdd) <l a)asY) Unida g B ¢ 95 Allal) el Y1 )2y -

X JA‘Ji e AdLu JA\J‘\J‘ gﬁ Lladdsia Aal _*
process-id Ji a8, & 5; Uad o router ospf -
Al ¢\ sis 52 5ip address -

subnet mask Ji (u5S24 329 wildcard-mask -
AGud) o8 Lgd oaliien (A ABhaial) B ) 34 9 area-id -

AN el oY) addiiadia ) J S g gl 13¢d Clalae) J gl uu...%w 2B oy <] My Calasy) odgs -*
L s Uiaa Jgla Al DAY Jglandl Baalia

34




ospf neighbor

Inter face

; Pri State =]
F9.0.0.% 1 FULLAEDE ~ 00:00:38 9F_168.1.2 FastEthernetO)

*- RO # show ip ospf neighbor

neighbor table (router 0) 0 5, 2 0ol &) uadl Joan gy laad) ey -

loop back interface Ji .2 0alddl ip Ji 2 neighbor id Ji O 35 Gl oY) (e -

full Jl s A s g state Ji s 19 neighbor router Ji 2 ua&d) ip address Ji ¢ al -
BDR 4alS (s 5 dzilay g

(router 0) daldl) iyl e 8 A g.“ﬂ\ Ayl %
*. R0 # show ip ospf database

EOfshow ip ospf database
02PF Pouter with ID (11.0.0_2)

{Process ID 1)

ALY Bouter Checksum Link count
1l1.0.0_2

Ox00feff 3

LI [ A gsinininyuinings Ox00feff 3

l.0.0.8

MNet Link States

ADT
9. le2. 1.1 I O Y 178k x2B0000002 Ox004azf

loop back interface Ji .z 02\ ip address s router-id Ji o)) 48l 3 gal) & 5 iy -*

process id 1 Ji 55 a5 11.0.0.2 Router 0 s 253 sal)

JS1 Q) s i (Bhliall 220 Lasie g g B2 52 gall UGN (5 59 area 0 ABkiall 5 jad) (g 53 Il aay %

g 5393 90 5 gl Adlata

h age dalS 5 yig ddhiall oda A lgall adag g link-state Ji 2 galdd) £ ) (5 3 D sy ¥

checksum & s 5 a5 SEQ Al )l ad 5 5 5 2 LSA Ay sary Lol

I RBouter

EOffsh ip ospf interface

nter (ID)

Hello due in 00:00:05

ospf interface (2 oAl & 3ol W (i) 4aY) -
*- RO # show ip ospf interface

area 0 (8 253 90 4d) 223 ol (b AN) V3¢ ualdd) jp address JI Of 5 -*

BROADCAST Juai¥ £ 65 & ¢ 559 Router ID 11.0.0.2 Ji 5 % process ID 1 Ji s 5 al -
DR Ji g s 4xd ) s A8 -

192.168.1.1 4 =il ip address s router id 129.0.0.2 - BDR Ji s al -

0L Cay 138 JS g hello ,dead ,wait e JS (2 galid) cdgl) 5 6 ah
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Confiquring OSPF for Multiple Areas

Router Interface IP address Area
Router 0 F0/0 192.168.1.1 0
Router 0 F0/1 183.168.1.1 0
Router 1 Fo0/1 183.168.1.2 0
Router 1 FO0/0 183.168.2.1 2
Router 3 F0/0 183.168.2.2 2
Router 2 F0/0 192.168.1.2 0
Router 2 FO0/1 192.168.2.1 1
Router 4 Fo0/1 192.168.2.2 1

Area 0 backbone area

WFalfl 183.168.1.1

Royralfl  192.1658.2.1

Routerd Routers

area ddhial) udi 3 (Slgrouters 2 23 ospf JsSsig ol i) gy Uad gilud) Jlal) & %
area 0 ,area 1, area 2 (3hlia Ciaal (Sl ospf JsS 5890 pl 2y o 85 (i gaw JUial) 20 (8 (<19 -
routers 5 2 Lie -

e | shaly ¢)) routers Ji JS gahiaw (<15 areas (hliall G a8 5 4} (5 s JUa) 128 & ¥
O 51 ) 3 OS1 process-id  Jf it a slic el (e 28U ) 3 g 23 g process-id JI ol dldg
s e dyl

router 0 = ospf JsSsigu Laldll cilalaey) g g ghin (N %

*- RO(config)#router ospf 1
*-R0(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-R0O(config-router)#network 183.168.1.0 0.0.0.255 area 0

router 1 ) ¥ Jaiss -*
*- R1(config)#router ospf 1
*-R1(config-router)#network 183.168.1.0 0.0.0.255 area 0
*.R1(config-router)#network 183.168.2.0 0.0.0.255 area 2
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router 3 . ¥ Jaiis -x
*- R3(config)#router ospf 1
*.-R3(config-router)#network 183.168.2.0 0.0.0.255 area 2

router 2 . oY Jaiii
*- R2(config)#router ospf 1
*-R2(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.R2(config-router)#network 192.168.2.0 0.0.0.255 area 1

router 4 ) o¥i Jaiii

*- R4(config)#router ospf 1
*-R4(config-router)#network 192.168.2.0 0.0.0.255 area 1

L& S router 1 (1e Jsdaly (N o gic il gl JI ALalsl) clalaey) puda g (a Liagi) o) g %
Al g ad e

Pri State Inter face

1 FUOLL/DE ~  00:00:33 83.1e2_1. FastEthernet0/f

________ 83168 _E.Z FastEthernet0/f

router JS: 4alill state Ji s siws router 3 5 router 0 at 4l pa o) dadie ¥
ALalS gl AB%all o)) xy 138 9 (Full) router JS L 32 s (AN A state 4alS Gila o 3aiu
advertising L router 3 s router 0 (s JS &) iai iy DR AalS Lyl daicg 3 iy
ABR 5 sig 1 o) db ai s o< BDR 82 (router 1) sl 13 ¢ 3aiws Router
Area border router
AN e S Al Router 0 s Jsdall aghin -

*-R0 # show ip ospf border-routers

Elgf=show ip ospf border-routers
O02PF Process 1 internal Routing Table

I - Inter—-area route

Codes: i - Intra-area route,

i 1.1.1.1 [1] wia 183.168.1.2,
i 7.2.2.2 [1] wia 192.168.1.2,

FastEthernetOs1, ABR, Area 0O,
FastEthernet0s0, AER, Area 0,

ABR 44l 43ilay g 352 3« router 2 s router 1 ¢« JSs gai) ip address o) 3aie -*

ki) (S Lo 0 iy uad ) sy Al g Cilia router-id ¢ 2aiug area 0 Abkial) av) 4xilag g
P9y dS Sl

ospf routing table Ji »lii <! sa g router 0 Ao AN ja¥1 LU ¥ a glin -

1. &, 00:45:1Z, FastEthernet071

00:45:1Z, FastEthernet(0s0

o) Jgash aukivg 4ilg area 2 s area 0 (s JS () Jsash galaion yig 13 O dade
189.168.1.2= router 1 b ¢s 183.168.2.2 = Router 3
router 2 Gk (¢ area 1 2 25254l router 4 () Jsa gl glaioy 43) g -*
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routing table Ji ®L&is2 Sy, o JsAAk asiiv router 2 gobivy i) La oSl ¥
4 dadl)
*-R2#show ip route ospf

B2 route

area 2 yarea 1 yarea 0 ) s sl gokivs router 2 &) daim -*
routing table ®iis router 4 A& Jsdlb a shici ¥
route

11t

router 3 ) Jsasl gakiv 439 area 2, 2 48hial) ) sl i router 4 &) i -

router ospf 1 oz 0ald) jhud) sl a6 of router 3 o Jsdaly aghiv (¥ -*
o el AN eladly o 65 &5 router 1 A5 Js3Ab a6 A% router ospf 2 ciwai o
183.168.2.0 4u&l) ciwiaig router ospf 2 4dLal aséi 1 183.168.2.0

*- R3(config)#router ospf 1

*. R3(config-router)#no network 183.168.2.0 0.0.0.255 area 2
*- R3(config)#router ospf 2

*. R3(config-router)#network 183.168.2.0 0.0.0.255 area 2

*-R1(config)#router ospf 1

*-R1(config-router)#no network 183.168.2.0 0.0.0.255 area 2
*-R1(config)#router ospf 2

*-R1(config-router)#network 183.168.2.0 0.0.0.255 area 2

ridy 3 N @ pald packet tracer gebis) O G A8 clisa cilalaey) JS dadag o sy ¥
die Gl figll Alla mla g A g dwdllll B ) gual) ) gALES O 4S8 ) g router 3 s router 1 o5 sk <)
oV 2way Aa ja (e agdliT) AALLE As ja JS A state A gua gy O pal) oo &gl g (i gldnl)

full state 4
} Dead Time Address Inter face
F/DEOTHEER ao:00:33 1833.168_1.1 FastEthernet 0/
1 ZWAY DROTHEER 00:00: 37 183.163. 2.2 FastEthernet 0/

Nbr 10.10.10.10 on FastEthernetO/1 from LOA

Nbr 183.168_.2.Z on FastEthernet0/0 from LOA

Dead Time Address Inter face
00:00: 236 123.168.1.1 FastEthernetO
oo0:-0a: 320 183.1683.2.2 FastEthernet 0/
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. 43 &al)) routing table Ji 3liig router 3 ) JELNL a 685 oY -*
*. R3#sh ip route

ip route

B - BIP, M - mobile, B - EGP

5PF, Ik - OSPF inter area

, FastEthernet0,0

Jal cillara aaiu WSl g J gaad) Jal ospf JsS sl clbara o) 2 g0 ¥ Ad) a5

) & 183.168.2.0 4 (o alal) i g5 388 Ml g router 0 () Wlaa 13) ¢Sly Ospf neighbor
O i 8 dilua router 3 dua gl aig router 5 48l Uad 1315 router 1 »£ s Al Adhia
g g goaall (ghliall A ga 138 g (& 4de alay o router 0 0S8l A9 13 o sl router 1
process-id & A A& jhy o<y (3hliall 028 (e alas router 0 Jrad CiuS Al gL ) Ly B alat

Router-id
Sal e interface (2 gad b LS g4 s Aaladl <YW B : Router-id -*
ip address 192.168.1.1 4y interface fast Ethernet 0/0 s s 3 g Ol 138
router-id g 48 jig)l o 35254 ip address o) 29
ip address 10.0.0.1 43 5359 = loop back interface <bal ¢S 13) oSl _*
router-id ¢ sSsd
Y pda g agiic g ) o il ospf  Aealdd) e Y) adag sic router-id 2aad Sl -
Ospf Slalas BESKl ‘;Sm‘
13 ual) ip address ga asiiv &% router 1 = loop back interface s agiiv -*
router-id 4ediicd g (usd i)
*-R1(config)#router ospf 2
*-R1(config-router)#router-id 10.0.0.1

ip address =1 3 process-id JS a st process-id c» AS) Sg ) Ao Gls 1y -*
Fo e 394 interface (o ald 22 9a
192.168.1.2 5 192.168.1.1 loop back interface 2 23 LAl ¢S 1) eay -
192.168.1.1 3L ospf 2 ashew o oY) 28 0 43¥ 192.168.1.2 3L ospf 1 ashew
process-id Uy process-id Jsi s3aLuid ki Joop back interface 1 bl s 13}
HA9M e 32 sainterface sk e ip address o) 35U a g

link state data — LSDB sl dules (6855 Latie 43 1da Router-id ¢ Cisco Jsiiy -*
router JS cia g 4l 2y g cilibul) 33018 038 JA13 09 router-id Ji (i@, base

Al L Ll ol Aualdl) dpaddil) dBUayl) Jia 4d) 3B (e UilE LaS ) Lgtia glaa JulS process-id JSs
ey dualdl) i) JS g s 9 LS Y pald

loop back interface 4! 58 O process-id JS Juads 43) Cisco 48 d Joi LSy -
router-id 4e)aiiul g 43 4aldll jp address Ji a5 a gk

ikl ki g protocol down Jis JSUia 4 &asy Y Joop back interfacedi ¢ g
&l Juatia 4l ¢ 3L 5 jp address J 13 Lo ping 4lers ashy o)) AY)
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Verifying OSPF Operation

ospf JsS 592 (2 Aaldl) show sl gl JS ardiciics g jal) 138 & %
*- show ip protocols

02 gty Ad) LaS Lgy A yall cila glaal) g 555500 Ao Aadiiiocal) o o8 65 gl JS G ay ¥ 12
el 13gs Alalal) cluld) g 4nadiiadl metric J)
*- RO # show ip protocols

for all interfac
for all interfas

: in this router i= 1. 1 normal 0 stub 0O

Listance
110
110
(default is 110)
o padiud Y o AY) il w245 ospf route 02 % show ip route ospf A
i 5 AY) clSuilly Jualy) oy 28Ul ARy sl o] 401 LaS Ll sl (3 s S 53 )
*a Rl#show ip route ospf

JJS}UJ-‘ & padiud A interfaces J JS U2 441 134 show ip ospf interface ¥l -*
dihia J$ Laldd) process-id Jf o229 hello Alu y paldd) cd gl slas oy 43) LS Ospf
Al ddhaia ¢ ) ) interarea 255 TA s 59 ospf iz O diga ol 5 5 LSy
I 2 0ad 5¢d 2 a8, L administrative distance ospf . 4<ald 110 [110/2] I Auilly L
cost

*a R()#show 1p ospf 1nterface

Dead 40, TWWaitc
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&l interface ) = 9 agale i aill a3 31 ¢)) pall 4l 2 show ip ospf neighbor <Y -*
agle Uil
#a R()#shOW ip ospf nelghbor

Interface
______ t 30 Sz_1leg. 1.2 FastEthernet0/f

________ 83_1leg.1.Z FastEthernet0/f

Simadi JiS) cilily sgdis i g 9 show ip ospf neighbor detail <31 13 ) i o)) ¢Sas LaS %
Ol clibn e

*a R()#shOW ip ospf nelghbor detail

r is up

U

2 length 0, number of retransmission 0O

H K
m m

it

Smi

Neigk r 10.0.0.1, int

In the area 0O ia interf
i= 1,

ey of retransmission 0

m m

OSPF Network Types

A g e cililas ) ClSudd) oda e £ o8 JSy UGN alle B cLAY) G £ il A 2 gy -
g AT N ClaaeY) A Lag £ 5iY) oda Jae A o Gt £ 55Y) 038 (e £ g8 JS g AL
KR

o B oda g

Lid 3, cpdil 4 G s8¢ Jua) £ 68 545 1 point-to-point -1

Router's 3 3¢2) ¢ S 330 48 0 9$ 9 Ethernet 4314 4,40 ¢ 63 Jia 54 9 : Broadcast -2
(o S dae 4d ¢ (o1 AN £ 63 sa 9 : nonbroadcast multiaccess (NBMA) -3
ATM , frame relay,X.25 4<u& Jis broadcast 4xald aiay Juail £ o3 (9819 <l sig M)

41




Point — To — point

8
g
5

) gL ik (e ) Wy e Router 53¢ ciail) aly ClGAl e g oill 130 & -

o Aala g5V sl 138 by ospf JsSsis s Ll ()< Lasie 138 sk ip address 224.0.0.5
3 PPP W) agdss Juai) &85 0583 Ll 5 Lagal) dala D8 59,2 g8 sl (il iy DR, BDR L)
High level Data link control (HDLC)

Multiaccess Broadcast Network

-

FIANNCI

& &&

Router j4=2 asi Mg Router's 3342 (o S 230 dUa (68 QA (e £ 6l 138 Ao
synchronization 4:lx; sUSI DR Router j4 asd a5 BDR Ji JL5L DR GsS: O Jsall
(LSDB) Router JS Jala 335 gall cilibl) 30168 1)

8343 JS I LSDB «lbl) 32168 3 LSA Jitw Jub sl DR Router 4 asiig -*

Jof &asa 058 S BDR Router J4 O Aa ¥ ctipaail) J< Jla ) aly LS 4G e router's
BDR 4 4ilse Jay DR g o AdSdia clian 13) Gy el g gl

214G_169

: ¢® DR, BDR (4 JS 1z pss Al plgeally -*
4ilas; DR Jl psis o2 188 DR,BDR (3 JS () LSA e Ju b router 4 JS psis -1
eyl Ly ) dfiha AS s router's J) 8¢l JS s 335 sl LSDB JI JS

Gigia ey (A router's d) 3¢ ged 1o 3153 540 LSA J Aiitas 00 DR Jf Slga 3862
routing J) 2 A

I pgale il g 2) ) ) S il jlaa 48 252 90 (198 J 922 568 LSA A law ki Sy
Cost s JS iilay (5519 Router

ip address 3 i 48kia o) ) router JS 35 lSe 4 (98 Jgia g2 9 LSDB Jgaa Wit -*
Jsland) o3a (ha routing table &< aﬁ 9 Router-id 5 42 ga\&)
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Selecting the DR and BDR

1?@1

P=1 P=1 P=0 s
s (o Giaatl ol LS gbaad) 5 5ad) (30 plad LIS BDR 9 DR Sl Jbi) ks 7 58 ploua U -
(ABR) z=+a: Area 0 (2 253 32l Router J42 of ¢ Wi (<ls DR, BDR L)
& 3392 3all Router 3¢ () &aaill oo 3 gl J gimsall 0198 92 9 Area border router
DR,BDR _Lia) als s 9 JIiged) 0819 Area 0

1 Whad dpdal ) L oy 436 Router S A= ospf JssSsiosn el gl e -+

dad glﬁ\ cala JL@A“.Q DR,BDR _LEa) aly Ll S LaaY) Al adadi Jol oda g Priority 1
44 U‘b o L) aly (priority) dad g.b\ wala g.ali Jeally DR 44 LA; o L) aly (priority )
BDR

dad calia g Ao pulal e DR JGEA) a3 priority 4ed 2 Router 3¢l cigbad 13) -
BDR 4 = Router-id 4 &) AU cala 8 a3 5 Router-id

el (819 DRBDR s L) ol ¥ 4ild (0) Jdwa s sl priority 4ad 0585 g3 Router g -*
DRother 4isad

DR, BDR (S 429 ol ¥ 438 priority @ io| 4ad 4 Router 4 ga al 13) -*

A gl 13a LA a6 5 BDR 43S Jag oS DR Sl Juad oy a8 pal) 138 ) 4gAS) a3 Y
BDR 4 (I 4ndag i

e b ash Lma 32a JS A DR g LSS oy Laaie € DR (e BDR Jlga Jag s -
BDR Ji J4a old (pma cidg DA Alu ) oda Jlo) as ol 1B LSA (2 el Eyaail) 2 BDR
LSDB 5 LSA &yaal 8 Jsliia Gl ¥ S 4dlSa 3G a8 DR g o S daa 49) G jidy
Al Ja1a Baga gall s AYI 3 g0 Lady o1 Ay Al g ASLAl Ja

A9 Ade Gaall fad M) AN £ o8 ga a Lgde Gaaadii al A1) Al Adaddl) g

Router 53¢ JS (Al a¥) 13¢2 Wisand a3 Multiaccess Broadcast Network

multicast ip addresses £ 55 (= s < ad LSy ip address 224.0.0.5 pdiud

ey Jia gl Whaat Al Jilea ) JS Jlay) g Juliadd B ip address JI 13 axdiud g

Al Y adBl) £ 5l 5h g CASAN (e £ 5 g Ad) Al 3ay i piey Hello , LSA, LSU, LSDBack
Syl oda Jals B caglad) 13 aladiind

Call gz g a1 138 g Router J4 A& priority Ji 4ad iy galdll ) e (¥ G i
AN e Aot dad ) 1 Al jBY) ddad it o) 25 ¢ interface
Router's &= 55 » router A J42 ( A,B,C) router's 3¢ 3 daie Gl 13 Jla
interface fast Ethernet 0/1 s interface fast Ethernet 0/0 (B) &k &= (B,C)
Router C J4¢> &

B A C

8
o
H
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s Jax ?3 Router C = dpﬂhejm : DR 2 Router C J4> 058 O w i =%
S priority 4ad sy o3 Y 4US; 2485 3 Interface fast Ethernet 0/1
state DR s z<a: <! Interface fast Ethernet 0/1

Router(config)#interface FastEthernet 0/1
Router(config-if)#ip ospf priority 10

Gaaa ) il lea (o aldn ja¥1 138 g Al ) day

Blffzsh ip ospf interface

priority 10 4alS State DR 4alS Guilyy aaia -*
Ll (o (A1 dagiill oa g

NBMA Network

nonbroadcast multiaccess

multicast 4uald ac ¥ ClGAN (e £ gil) 138 %

Juaiy) £ 58 Ao daiay CLGEN (e £ ol 138 ) alad ) g £ il 138 (e Gl Ladis
Frame relay , ATM, x.25

X.25
Frame Relay

i

014G 171

Point—to—multipoint 5 point —to—point Jua) (1 £ il 13 B Y (e (e g 22 g -*
ATM sl frame relay (2 #) 9=
partial mesh s fully mesh W4ie (L5 topology J) £1s81 o) ciad O g -

star topology
Full-Mesh
Topology
Partial-Mesh
Topology

Star Topology
(hub-and-spoke)

B
=
§




s ddlida cilalae) Al 3 gy oS3 Al £ 93 JS g -

GUSH e o Jal) 13 Ge ) Jew S topology Ji 158l Ce alsiiu -

Cra .53 138 g and) Lpzany e Ala 00 Router's 3¢ JS 4 5% ¢ full-mesh topology -1
058 Of e sl 138 B 5 il AE A0l o ghadd) s ARISS ) g ABICHY IS LY
. 4l Jala Router's 3¢l J$ s se DR ,BDR

) Lgudany pa dia g 5 3¢aY) IS e (f Eua kalida )38 A9 ; partial-mesh topology -2
S LA g () \gudany pa Al g 53¢ Y) (AL 9 kb aa) g Router Jug Jase s (sS
L £ o Adlsil)

Router's Ji 3 ¢ JS 4 Sl center point <Ua ¢s< £ il 13 &5 : star topology -3
hub-and-spoke i (<1 s DR,BDR &llia (5% ¥ g

A (pe LIS o) (S ¥ OSPF JsSgign O A it o) ¢ o) 138 (8 A ) ASal) -
i gal) 138 aa Jalail) 488 ales G g g multicast alddial o 438 ade e 4l o (e

OSPF over Frame Relay Configuration Options

CISY) e G 53 3 g2 4) SYG ) aaa OSPF over frame relay clilie (e diali lasie -*
ip address 4US i 43) A<l (<8 s DR,BDR (A 4ala 32 3 ¥ Ua g Point — to — point
OSPF <) Jala jlall Router Jg o)

star topology ¢ alSilug GNS3 gwelisn o iy die duaati g o8 JS 4y oty o glie ¥

ClS i) alina b Bilad) g gl 43 Ci gl) e

FRO R1
1 ~
é.f,z/ s0/0 :
192.168.1.1 /24 9 192.168.12 / 24
DLCI 101 DLCI 202

@ erdicdu AN pve A5 A cloud s aglua sy cad &5 Router Gl fdgr Cuad 381 %
frame relay alaiiu) sis 4) g Lgauda s () 25 A gl sad) A58 Ll + Jay )

. Al gy @E3G o) OSPF JsSsig s pobien ¥

RO /= interface serial 0/0 .= 4aldll Clalaey) g (Y1 a glins -

*-R0(config)# interface serial 0/0

*-R0(config-if)#ip address 192.168.1.1 255.255.255.0
*-R0(config-if)#no shutdown
*-R0(config-if)#encapsulation frame-relay
*-R0(config-if)#frame-relay map ip 192.168.1.2 101

R1 /= interface serial 0/0 _is 4aldll clalaey) g (Y1 o glins -

*-R1(config)# interface serial 0/0

*-R1(config-if)#ip address 192.168.1.2 255.255.255.0
*-R1(config-if)#no shutdown
*-R1(config-if)#encapsulation frame-relay
*-R1(config-if)#frame-relay map ip 192.168.1.1 202
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ale o5& RO %> Router's () e loop back interface ¢nsSis agiiw o %
172.30.1.1 4 &8 R1 Ao A5 182.168.1.1

Gana 1l (5 539 OSPF <lalae) gua s 0583 a5 Router 0 (48 Jsdally (¥ o shini -

*-R0(config)#router ospf 1
*-R0O(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.-R0(config-router)#network 182.168.1.0 0.0.0.255 area 0

4 Lalil) ciale ) auaig Router 1 s Jsaalls a giia oY) -

*-R0O(config)#router ospf 1
*-R0(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-R0O(config-router)#network 172.30.1.0 0.0.0.255 area 0

L4 (o (8 Al ol fan dgale halae ) JS Y ) ¥

Neighbor Js3 & agars e i pill a3 Router 1 sl Router 0 of 333 of ¢<lg -*

a4 (s Router 0 <i_aks agdiv W) Jal) g broadcast dxald aladic aabiivs ¥ U cudl g -

4 > ab (s Router 1 ) < iy a gl g 43)

A ) Bash e 4d) g ab (e A ki g Router 0 (A5 JsAall a gic ¥
*-R0(config-router)# neighbor 192.168.1.2

A e Bk e 4d) g aa (e A J4ig Router 1 As JAAL a ghin a5 %

*-R1(config-router)# neighbor 192.168.1.1

Alany Uiad L) upeny U3 9 (g shgad) (o AlalS A8Mal) cuad Ad) danies Golaad) ) ABLa] aay %
b o8 el Ow ospf les e G il &3 g multicast ¢ Y& unicast
Point-to-point Juai! ¢ s alaiiuly g Frame-relay Juady) i

gighhor 1D Pri State Dead Time  Address Interface
92.168.1.1 1 FULL/DR A8:61:42  192.168.1.1 Serial@ B
11
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LR ) zliag ¥ 4dl g Ade Wiaas S8l g point-to-point Led agis LalSi cpe oi 3 g 4ild (i ol LaS %

Command Opticns

BDR s/ DR

sogall b mlagall Joiad) (A Basa0a 9 5 AT £ 61 4 22 x
RFC iansa i 8 (o 5is L s Clsco A4S i A g1 i 200K -

Description

broadcast

Cisco extension.

Makes the WAN interface appear to be a LAN.
One IP subnet.
Uses multicast O5PF hello packet to automatically discowver

the neighiors.

DR and BEDR elected.
Requires a full-mesh or & partisl-mes h topology.

non-broadcast

RFC-compliant mode.

one IP subnet.

Meighbors must be manually configured.

DR and BDR elected.

DR and BDR need to have full connectivity with all other
routers.

Typically used in a full-mesh or a partial-mesh topology.

point-to-multipoint

RFC-compliant mode.

One IP subnet.
Uses multicast OSPF hello packetto automatically discover

the neighiors.

DR and BDOR not required—router sends additional LSAs

with rnore information about neighboring routers.

Typically used in partial-mesh or star topology.

point-to-multipoint
non-broadcast

Cisco extension.

If rmulticast and broadcast are not enabled on the virtual
circuits, the RFC-compliant point-to-raultipoint rode cannot
be used because the router cannot dynarmically discover its
neighborng routers using hello multicast packets; this Cisco
mode should be used instead.

Neightors must be manually configured.

DR and BDOR election is not required.

point-to-peoint

Cisco extension.

Different IP subnet on each subinterface.

Mo DR or BDR election.

Used when only to routers need to fomn an adjiacency on a
pair of interfaces.

Interfaces can be ether LAN or Wah

2l JS palsd g Y £ i daad ABLu) B ) gual) -

A o) Sarg Ol sl e e JSE Aalld) priority a5 o) ¢Say il ga g Ade Gl gaf 33 gy -*

g 4aldll Cost

*-R0(config-router)# neighbor 192.168.1.2 priority 0
*-R0(config-router)# neighbor 192.168.1.2 cost 1

DR Ji 52 RO &) BDR g ¢ router Ji 13 &) Jsii di3d priority = 0 Ji ¢) 3aad Laxis %
s s (819 BDR () zUs3 Y point-to-point 44 sda (il iy BDR L) adal élllyg

DROTHER
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OSPF over Frame Relay Point-to-Multipoint Configuration

s Point-to-multipoint . 4alidll ey g g 4dsS e daatic acdl) 138 b -*

. Point-to-multipoint nonbroadcast

Cilalasy) oda aladicl 48 g partial mesh topology s star topology (& €uady audll 38 g -*
LATIRA(IPRY Yy Y

DS b aa L) Glilua gia gl dala 33 3 Y 1A BDR 51 DR Ji ) LS Ua 305y Yy %

4l e sub interface JS Adslaay a s g PVC (e S 330 gliag ¥ 430 £ gl 130 &) Jaaa (pa %

JSs 4alill subnet s ) zUaS Y Point-to-multipoint £ 53 13 3 g 494 Jiiwa interface
sub interface s0/0/0.1 = ip address 192.168.1.1 J&a) Josw = interface
Point-to-point (& ¢Sl 134 g Sub interface s0/0/0.2 = ip address 192.168.1.2
interface J 4allll subnet s O) 2

\~\
~

172.16.1.1 ~
192.168.1.3 \%

point-to-multipoint i Ledis 4 ¢ 3al) 138 & OSPF JsS 555 gady @i s Jal) -*
LSU 5 LSA Gb g static 4 43 by &l pa Gl ) glad ¥ il 2 OSPF JsSsisx g
hello message (&b & Automatic 48 ks Neighbor ¢ s cilias) 2

314P_050

partial mesh 0S5 dualld A g virtual ink e (& 4 addiad o) Say £ 53l 138 o)f LS
) @k o router Js) gabivww (M g3l e ¢l sa Routers 53¢ 3 bl ¢S 1) dabwy A g
AR (B ARy hal) o 2b 7 pdiies U pdilia 43 Jua ga 43S Router JA)

5361 Om il 35 2 multicast adiiug £ sl 138 o) LS —*

Al pse Ala B Cua Jladl 13 ey 94330 30 58 hello Abuy Juliu 2 galdd) cud gil) -
4436 120 A hello Auwy

436 20 S hello Ay pMiwY gl A2e (¢S point-to-point Als A%

s Lild Cisco 48 & yald s 9 Point-To-Multipoint non-broadcast () 4sudls Ll -
Static 4% 44 ks Neighbor ¢ sl <y i ) dala

&b b oo g Point-To-Multipoint s Aes Jlay agliv (NI -

by, bd axiiud <1 Cloud 9 Router's (i)l 35 s o sii Packet Tracer 5

SUialy ‘,A radiliania Al @lalas ) JS 4 J g a5 aﬁi‘w Frame relay

Router interface Ip address Pvc
RO Serial 0/0/0 192.168.1.1 16
RO Loop back 1 172.31.0.1
R1 Serial 0/0/0 192.168.1.2 17
R1 Loop back 1 172.28.0.1
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192.1658.1.2 -
192.1658.1.1 e 7rE01

Serd L ! E 000

o serningn & =

172,310 [ ‘-ﬁm Y 55=r1 2611
2811 Cloud-PT Routerl
Rauterd loudo

SINEY) g b s RO o Js3al ¥ a ghin

*-R0O(config)#interface serial 0/0/0 multipoint
*-R0(config-if)#ip address 192.168.1.1 255.255.255.0
*-R0(config-if)#no shutdown

*.R0(config-if)#clock rate 9600
*-R0(config-if)#encapsulation frame-relay
*-R0(config-if)#frame-relay map ip 192.168.1.2 16 broadcast
*-R0(config-if)#ip ospf network point-to-multipoint

Router 3¢ ¢ Juai) £ o 3323 S multipoint sl 43l a3 s Jgi A -+

Packets L= i Al A 4ads aaai S pve JI A= map ip el A8l Liad il
interface Ji 138 I Ospf JsSsigun Jas 48y k aany ga g sal JAT Adlialy Liad Ll %
Point-To-Multipoint &St

uilay Cilaall broadcast sl s 33 48y yhy OSPF Jiley Jas (3ay o3 g aad) ) -
&4 & saY) 13 AV dlig neighbor o)yl s sl alsa il g map ip S
Y pud gy Y shine ) Jil ) aran Jols Router's 8¢ gabind iy g multicast
Router 0 .= loop back interface 1 .» 4alil)

*.R0(config)#interface loopback 1
*-R0(config)#no shutdown
*.R0O(config-if)#ip address 172.31.0.1 255.255.255.0

RO 1= OSPF JS i e gl gy (N o shina -

*.R0(config)#router ospf 1
*-R0(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-R0(config-router)#network 172.31.0.0 0.0.0.255 area 0

Router 1 s Lalil) cialey) aua g a ghin ¥ %

*.R1(config)#interface serial 0/0/0 multipoint
*-R1(config-if)#ip address 192.168.1.2 255.255.255.0
*.R1(config-if)#no shutdown

*-R1(config-if)#clock rate 9600
*-R1(config-if)#encapsulation frame-relay
*-R1(config-if)#frame-relay map ip 192.168.1.1 17 broadcast
*-R1(config-if)#ip ospf network point-to-multipoint

*.R0(config)#interface loopback 1
*-R0(config)#no shutdown
*.-R0O(config-if)#ip address 172.28.0.1 255.255.255.0

*.R0(config)#router ospf 1

*-R0(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-R0(config-router)#network 172.28.0.0 0.0.0.255 area 0
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St B (Slg g e )l Jgaa (B aad O (B Jaai Y e ) IS puda gy p g8 O aay ¥
cuad AMat) ¢ daiu g show ip ospf neighbor s¥) 4Uis; a8 2 ¢ gl) say 1AL A8dad) o8 (4l
state Full W 4aldl) s 4

6% ¥ A serial 0/0/0 J3)3 priority el 8uils Jsal g R1 e Jsdally 0¥ pgile -
BDR 4f e o Lsd)

*-R1(config-if)#ip ospf priority 0

Blfsh ip ospf neighbor

r ID Pri State Lead Time
1 INIT/DEROTHEER 00:01:-42

DRother (¥l BDR (3 4dla i3 @i R1 (1 priority dad il Uab o sy
RO = routing J) (2 0aBd Joaal) s 4 &) SRy s s W Ay ¥

E - BIP, M - mobile

=r

B - EGP

-I%, L1 - IS-IS lewvel-1l, L
candidate default, T - per-user static route, o - ODE

==

dovmiloaded static route

Point-To-Multipoint Nonbroadcast s &aldll clalacy) sa 5 Al & jaldl ) J&is oy
2 Lad g Gl A bl £ il ce g gl 13 Cilalas | Catids
Static 454 48 by Neighbor o) ) diy a3 ol ¢ as-1
*-R0(config-router)# neighbor 192.168.1.2

Jhad o) e Clisco IR &«A.n L) Ly adAY) ¢ Cisco :tS)Ja Sjg.;i & Jaid ?-\il.ag &Jﬂ\ jaa-2
JAN iy a0l a8 Cisco 4alS JLTAL a gl AY) gl paldd) ) auaiy Map ip
non-broadcast ) Ospf

*-R0(config-if)#frame-relay map ip 192.168.1.2 16 Cisco
*-R0(config-if)#ip ospf network non-broadcast
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Using Subinterfaces in OSPF over Frame Relay
Configuration

Point-To-Point (s JS g Wl g sub interface (8 Eutally favia acdl) 138 b %
Logical 48kia aludi 352 ) serial interface asdi ¢ (e, Point-To-Multipoint s

. Router ¢ S 4ule Jay i ¢ aubiie 4api 323 interface serial Gl 13

5 &5 138 aa distance-vector $ split horizon (2 339> go <ilS Al JSUiall (aany Ja a% LaS %
sub interface ga Waddini o) ¢Say Al il LAY g g8 AUl 3 ) guall

Parameter Description
numbar, subinterfacs- n Interface number and subinterface number.
numbar

m  Subinterface numberis inthe range of 1 to 42348957293

m Interface number that precedes the perod () must match the
interface number to which this subinterface belongs.

mnultipeint m  Onmultipoint subinterfaces routing [P, 8l routers are in the
same subnet.
point-to-point s Onpoint-to-point subinterfaces routing 1P, each pair of point-

to-point routers s in its own subnet,

ady sS bl day i ) 1 s sub interface (2 oald ad ) JUAS o)) i 43) Cisco geags -*
sub interface Ji

25 G glad o) 0% ip address Uik dd e 43) Multipoint gaibad ga gig -+

sub interface Ji 2 4<lill subnet Ji

ip address JUiS &) a5 sub interface J<! 43l Point-To-Point gailad geagiy -*
4ilida sybnet e

Point-To-Point s) Multipoint ¢\S #) su & LAY 038 ga & Cisco 48 g i LaS %
Non-broadcast s &l Y pa sl o

BDR sl DR () J4id) 32 2 Y Point-To-Point &85 g Jaxs Latis 4f J g LaS -

4393 48y oy Neighbor o)) < a3 ) zUs3 Y Point-To-Point £ $8 (8 o geia g Ll 5 -*
458 A8y hay o)) sl Gy 25 iy Point-To-Multipoint g 539 2 <15

Point-To-Point sub interface . 4ald 4ail| 3 ) guall

———
i
-

_-"" 192.168.1.2

_~-S0/0/0.1 S0/0/0.1
- - _ 3
W 50000277 ~~_ _
“7192.168.2.1 ~

~ =
192.168.2.2>
$0/0/0.2

o)
8
[
=
)

4ilida Sub Interface - subnet JS i 3 9all b 5439 -*
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Busall o Ao gall cililbad) (s Gibad) JUall o as Gadaty (N o il -

Router | interface Ip address PVC Area
RA S0/0.1 192.168.1.1 101 0
RA S0/0.2 192.168.2.1 102 0
RA Loop 1 172.29.1.1 0
RB S0/0.1 192.168.1.2 202 0
RB Loop 1 172.30.1.1 0
RC S0/0.1 192.168.2.2 203 0
RC Loop 1 172.31.1.1 0

aira (gadal audaiod galipall 138 o)) & 3aadl s packet tracer 5 gt Ao (ead) Gadailly o ghin *
dle ALY

192.168.1.2 l"“f'-—‘“ 172.30,1.1

'. -
Ser0/0)0
HB

192.168.1.1
— Br5erD o Gser1
172.29,1.1 l J-*‘i_SerDID,I'D :
~
2811 192.168.2.1 C|iB5erz
RA Cloudn

Ser0f0i0 dapmy
e
19216822 € WP 172311

2811
RC

L Adde clalaey) &bﬁaﬂ?ﬁRouterAulcd‘giﬂlgeij‘gi =%

*-RA(config)#interface serial 0/0/0
*-RA (config-if/#encapsulation frame-relay
*-RA (config-if)#no shutdown
serial interface 0/0/0 Sy a iy (Gbaad) oY) %
Frame-relay aUai 4ia 4 JA) Jilu l Cilss Jae b ) interface Ji JLAl a gy & %
sub interface's (158 &) gabiiad ¢ a¥) 138 Qg9 -*

*.RA(config)#interface serial 0/0/0.1 point-to-point
*-RA(config-subif)#ip address 192.168.1.1 255.255.255.0
*.RA(config-subif)#frame-relay interface-dlci 101
*-RA(config-subif)#ip ospf network point-to-point
s Al jal oY) ds gana -
A 058 O @ Of S 138 5 Point-To-Point adii Jexs sub interface Ji 13 ) 33ay sl J g -
43 L4 subnet — sub interface Js
serial interface Ji 2 0a&Y ip address Ji Laag Liti -
Gald) (8 e (S LA L g o) 155 pa J g ¥ ‘hJDLCIdiPEJJ.\A:i Gl el -
(frame-relay interface dlci 101) k& Sub Interface Ji (» 0ald 4%
point-to-point sl Jaxy OSPF JsSsisn O 2aay Y ¥ -
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*.RA(config)#interface serial 0/0/0.2 point-to-point
*.RA(config-subif)#ip address 192.168.2.1 255.255.255.0
*.RA (config-subif)#frame-relay interface-dlci 102

*.RA (config-subif)#ip ospf network point-to-point

serial sub interface 0/0/0.2 . “ald 2 548l ) Yl de gagea -*

*.RA(config)#interface loopback 1
*-RA(config-if)#ip address 172.29.1.1 255.255.255.0

Router A ¢ loop back interface <iaei o gald Giludl oY) -

*-RA(config)#router ospf 1

*.RA(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.RA(config-router)#network 192.168.2.0 0.0.0.255 area 0
*.RA(config-router)#network 172.29.1.0 0.0.0.255 area 0

OSPF J5559.% dall) Qlalasy) A ALl yal Y ¥
4 dalil) Qe y) ok g e‘gﬁ‘g Router B s Jsaall egﬁ N

*.RB(config)#interface serial 0/0/0
*.RB(config-if)#encapsulation frame-relay
*-RB(config-if)#no shutdown

*.-RB(config)#interface serial 0/0/0.1 point-to-point
*.RB(config-subif)#ip address 192.168.1.2 255.255.255.0
*-RB(config-subif)#frame-relay interface-dlci 202
*.RB(config-subif)#ip ospf network point-to-point

*.RB(config)#interface loopback 1
*-RB(config-if)#ip address 172.30.1.1 255.255.255.0

*-RB(config)#router ospf 1
*.RB(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.RB(config-router)#network 172.30.1.0 0.0.0.255 area 0

4y dalal) Slalas @'A.'U Router C u.b Jedall egﬁ QYi =%

*.RC(config)#interface serial 0/0/0
*-RC(config-if/#encapsulation frame-relay
*.RC(config-if)#no shutdown

*-RC(config-if)#interface serial 0/0/0.1 point-to-point
*-RC(config-subif)#ip address 192.168.2.2 255.255.255.0
*-RC(config-subif)#frame-relay interface-dlci 203
*-RC(config-subif)#ip ospf network point-to-point

*-RC(config)#interface loopback 1
*-RC(config-if)#ip address 172.31.1.1 255.255.255.0
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*-RC(config)#router ospf 1
*-RC(config-router)#network 192.168.2.0 0.0.0.255 area 0
*.RC(config-router)#network 172.31.1.0 0.0.0.255 area 0

Aad) ¢f iy coad B agin Adlad) o o 3 jgal DAY o LIS clalae ) aua g (e gyl oy %
gl ABe b zUiay ¥ g sil) 13 G DR | BDR 223 ¢ State Full &85 Lgé

Router B ) &ty o Router C &Lh’.'m\ i Eiaa Jila s A sl ¥ LUSA ejl-'w N -
b A el iy -

-show ip ospf neighbor

Interface
go:-oo: = Serial0s 0001

Neighbor table ¢l Jss> & Router A ¢ s« 2 ¥ Router C ¢f 3 -*
A ¥ AU o 983 BDR o) DR 2252 ¥ 431 JiS) gada g (81 %

-show ip ospf neighbor detail

f neighhor detail

via inter
- priority is 1, 5

2B oi=
Dead timer due in 00:00
r i= up

ssion 0

maximam i=s 0O

-
msec, maximum is 0 msec

-

0.0.0.0 Jisi pgiay BDR s DR i o aias-
% Router B s Router C <3 S gy o3 AGN o) -
-show ip route ospf

, O1l:-41:-44, Serial0s0fN0.1

1, 01:-a1:44, Zerial0fs0 0.1
, 01l:-41:-44, Serial0/0/ 0.1

e dlig172.30.1.0 5 172.29.1.0 a8, dala A4 ) J g gl ok Router C Of 3iw %

Router C ) cuall jall 2 9192.168.1.1 a8, ala Router A (&b
Point-To-Multipoint () a8 Gl A Jiilia s ol 13 G sLgaN) a0 1388 5 %
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Multipoint Sub interface

Multipoint interface s i aiic audl) 138 & _*

Static 4% 44 by Neighbor () sl <y 25 @y 43 s Point-To-Multipoint el (e -*
Non-broadcast aUai ey dlig

BDR 5 DR Ji JLis) by 4di g %

/"'192.168.16

$0/0/0.1 Point-to-Point S0/

~7192.168.1.1
. 192.168.2.2 6
. S0/0/0

$0/0/0.2 Point-to-Multipoint _ S
192.168.2.1 192.168.2.3
S0/0/0

314P_062

ol 23 9 (A,B,C) Router's 3421 3 2 Jals Router A ¢ aaie 48,0 5 puall A g -
Router C ¢f 2235 50/0/0.2 s2 5 3315 sub interface & (245> 3« Router C , D
Multipoint Ji ya) $& ¢ 138 g subnet Ji o«di 2 Router D 3

Point-To-Point s 4= 5 50/0/0.1 & 2 -

8ol o2 o (el JEal) (gaadaty Al 03 o ghics -

Jhial) 138 gkl (& GNS3 el 2 pdiiaadi g -

Router | interface Ip address PVC Area
RA S0/0/0.1 192.168.1.1 16 0
RA S0/0/0.2 192.168.2.1 18417 0
RA Loop 1 172.28.1.1 0
RB S0/0/0 192.168.1.2 30 0
RB Loop 1 1.139172. 0
RC S0/0/0 192.168.2.2 40 0
RC Loop 1 172.30.1.1 0
RD S0/0/0 192.168.2.3 50 0
RD Loop 1 172.31.1.1 0
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Router B, C, D 33¢) 1= Sub interface p3iui ol Joal 138 b -
Router A & <l auda g d) by (g i %

*-RA(config)#interface serial 0/0
*-RA(config-if)#no shutdown
*-RA(config-if/#encapsulation frame-relay

encapsulation bl £ o5 a gy Uad &1 serial interface Ji Jsdi Uad AL cialaey) 8 _x
frame-relay 4= §

*.RA(config)#interface serial 0/0.1 point-to-point
*-RA(config-subif)#ip address 192.168.1.1 255.255.255.0
*.RA(config-subif)#frame-relay interface-dlci 16

*-RA (config-subif)#ip ospf network point-to-point

fa g Udd o3 jp address s Uadg sub interface 0.1 JF 02985 Uad i) 5 Ja) b ¥
Neighbor i)l cy 3 zlad ol Uld LSy Point-To-Point Juai) g i U jid) s DLCI
p-To-p Juai¥ (e £ 5l 13¢d

*-RA(config)#interface serial 0/0.2 multipoint
*-RA(config-subif)#ip address 192.168.2.1 255.255.255.0
*-RA (config-subif)#frame-relay interface-dlci 17

*-RA (config-subif)#frame-relay interface-dlci 18

*-RA (config-subif)#ip ospf network point-to-multipoint

a4y yad ip address g g Liad a—* sub interface 0.2 (5<% Uiad dBjlad) iltlae ) (8 %
a9 Juaiy) £ i AL Uad a5 RD § RC (e JS 4adll DLCI Ji a8 g Liad
P-To-Multipoint

*-RA(config)#router ospf 1

*.RA(config-router)#network 192.168.1.0 0.0.0.255 area 0

*-RA(config-router)#network 192.168.2.0 0.0.0.255 area 0

*.RA(config-router)#network 172.28.1.0 0.0.0.255 area 0

*-RA(config-router)#neighbor 192.168.2.2

*-RA(config-router)#neighbor 192.168.2.3

ip address <4 Liad fu OSPF JsSs89 Aaldl) Qllasy) aua g Lad A8l Siafas u& *
P-To-Multipoint Jua¥) ¢ 5i il &lig RC s RD (s J<! Neighbor ¢l sl 4alil)

*-RA(config)#interface loopback 1
*-RA (config-if)#ip address 172.28.1.1 255.255.255.0

loop back interface ¢y s<ih Uad d8iLudl cialasy) b -*

0585 ) 9 Router J4a S8 Aalild) cilalas ) g g o shi 4adl@l) cilalacy) b -
Sub interface
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Router B J4a 2 Laldll cilalaey) -*

*.RB(config)#interface serial 0/0

*-RB(config-if)#ip address 192.168.1.2 255.255.255.0
*-RB(config-if)#encapsulation frame-relay
*-RB(config-if)#frame-relay map ip 192.168.1.1 30 broadcast
*-RB(config-if)#ip ospf priority 0

*-RB(config-if)#ip ospf network point-to-point
*.-RB(config-if)#no shutdown

*.-RB(config)#interface loopback 1
*-RB(config-if)#ip address 172.39.1.1 255.255.255.0

*-RB(config)#router ospf 1
*.RB(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-RB(config-router)#network 172.39.1.0 0.0.0.255 area 0

Router C J4 (2 “alldl) cilalaey) —*

*-RC(config)#interface serial 0/0

*-RC(config-if)#ip address 192.168.2.2 255.255.255.0
*-RC(config-if/#encapsulation frame-relay
*-RC(config-if/#frame-relay map ip 192.168.2.1 40 broadcast
*-RC(config-if)#ip ospf network point-to-multipoint
*-RC(config-if)#ip ospf priority 0

*-RC(config-if)#no shutdown

*-RC(config)#interface loopback 1
*-RC(config-if)#ip address 172.30.1.1 255.255.255.0

*.RC(config)#router ospf 1
*-RC(config-router)#network 192.168.2.0 0.0.0.255 area 0
*-RC(config-router)#network 172.30.1.0 0.0.0.255 area 0

Router D J4 2 daldll cilalacy) -

*.RD(config)#interface serial 0/0

*-RD(config-if)#ip address 192.168.2.3 255.255.255.0
*-RD(config-if/#encapsulation frame-relay
*-RD(config-if/#frame-relay map ip 192.168.2.1 50 broadcast
*-RD(config-if)#ip ospf network point-to-multipoint
*-RD(config-if)#ip ospf priority 0

*-RD(config-if)#no shutdown

*.RD(config)#interface loopback 1
*-RD(config-if)#ip address 172.31.1.1 255.255.255.0

*-RD(config)#router ospf 1

*.RD(config-router)#network 192.168.2.0 0.0.0.255 area 0
*-RD(config-router)#network 172.31.1.0 0.0.0.255 area 0
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Sl G e (i (N 5 calaiS) o agin A8Vl () dads ClaaeY) S auda g ey
show ip ospf neighbor YU sy -*

eighbo
?2.31.
?2.38.
v2.39.

Hﬂsh ip ospf neighbop -

r ID Pri State Dead Time Addreszs Interface

1.1 8 FULLs - AA:01:=58 192 .168.2.3 Serial@- 8.2
1.1 8 FULLs - AA:01:=58 192 .168.2.2 Serial@- 8.2
1.1 a FULLs - AR:B@:-39 192 .168.1.2 Serial@-BA.1

State full A (s zlads s AY 8 3gaY) g Ay ABMal) cuad RA o Bugual) (B 2ai ¥
DR, BDR 2 ¥ 4l g

show ip route Sl ¥ -*

Codes:

17

== ===

RAfizh ip route

C — connected, § — static. R — RIP. M — mobile. B - BGF

D — EIGRP. EX — EIGRFP external. 0 — QSPF, IA — OSPF inter area

M1 — OSPF HSS5A external type 1. HZ — OS5PF HS5A external type 2

El — QSPF external type 1, E2 — OS5PF external type 2

i— I&-I5, su — IS-I% summary. Ll - IS5-IS5 level-1, LZ — IS-IS5 level-2
ia — IS-I5 inter area, * — candidate default,. U — per—user static route
o — ODR, P — periodic downloaded static route

Gateway of last resort is not set

2.28.8.8-24 is subnetted. 1 subnets
F2.28.1.8 is directly cunnected Lnnphacki

172.31.8.8-32 iz subnetted. 1 subne

172.31.1.1 [116-65]1 via 192.168. 2 3. BA:22:17, Serialé-B.2

172.38.8.8-32 is suhnetted 1 subnet

172.38.1.1 [118-65] via 1%2.168. 2 2, B@:22:17, SerialB-B.2

172.39.8.8-32 iz subnetted, 1 subnet

172.39.1.1 [116-65]1 via 192.168.1.2, B@:22:17, SerialB-8.1

1922 168.1 .8-24 iz directly connected, SerialB-ré.1
192 .168.2 _8-24 iz variably subnetted, 3 subnets,. 2 masks

192 _168.2_.2-32 [118/64] via 192_168_.2.2, 88:22:17. Serialf-@.2
192 _168.2_.3-32 [1168-64]1 via 192_168.2.3, @88:22:17. Serialf-@.2
192 168.2 _8-24 iz directly connected, SerialB-r8.2

Gl AN ) Gl okl IS 4 aa g9 RA Of aad %

show ip ospf database Ul ja¥) -*

RAR=hH ip ospf database

08PF Router with ID <(172_28.1.1> (Process ID 1>
Router Link States {(Area @A)

Link ID ADY Router Age Segit Checksum Link count
i72.28_1.1 172.28.1.1 1381 AxERARAAATY AxAAFAA4 6
i72.38.1.1 172.38.1.1 1381 BxE0R0DAE4 BxBAF7CC 3
172.31.1.1 172.31.1.1 1381 IxEDRBDAA4 B:BB2897 3
172.39.1.1 172.39.1.1 1431 BxE0RPDARS BxBEEDA 3

Router J4> JS! Router-id 4saly cilsed 3 G oy RA ¢ aad -*
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show ip ospf interface s gl ¥ -

RAft=h ip ospf interface
BerialB-8.2 is up. line protocol is up
Internet Address 192.168.2.1-24, Area A
Process ID 1, Router ID 172.28.1.1,. HNetwork Type POINT_TO_MULTIPOINT,. Cost: 64
Transmit Delay is 1 sec,. State POINT_TO_MULTIPOINT.
Timer intervals configured, Hello 38, Dead 128, Wait 128, Retransmit 5
oob—resync timeout 12
Hello due in B8:80:07
Index 3-3. flood gueue length @
Mext BxB(@>-BxB<A>
Last flood scan length is B, maximum is @
Last flood scan time is B msec. maximum iz B msec
Meighhor Count is #@. Adjacent neighbor count iz @
Suppress hello for B neighbor{s)
BerialB-s@.1 iz up,. line protocol is up
Internet Address 192.168.1.1-24,. Area B8
Process ID 1, Router ID 172.28.1.1, Metwork Type POINTI_TO_POINI, Cost: 64
Transmit Delay iz 1 sec, State POINT_TO_POINT.
Timer intervals configured. Hello 18. Dead 48, UWait 48, Retransmit 5
oob—resync timeout 48
Hello due in PA@:B80:@97
Index 2/2,. flood queue length @
Mext BxB(@> -BxBCA>
Last flood scan length iz 1, maximum is 1
Last flood scan time is B msec. maximum iz B msec
Meighbor Count is 1. Adjacent neighbor count iz 1
fAdjacent with neighbor 172.39.1.1
Suppress hello for B neighhbor{s)
Loopbackl is up, line protocel is up
Internet Address 172.28.1.1-24, Area @
Process ID 1. Router ID 172.28.1.1, Metwork Type LOOPBACK, Cost: 1
Loophack interface iz treated as a stub Host

Router-id b 9 4atiiay 1l Jual¥) ¢ 539 serial sub interface Js Al a3 -
CilSad G 4al) Juay () poslalion 13a 5 5 ST RD Sl ) Y Jaiis =

show ip ospf neighbor al Jgb (53 -*

Bitzh ip oszpf neighhowr

eighbor ID Pri State Dead Time Address Interface
72.28.1.1 a FULL~- - ga:-88:31 192 .168.1.1 SerialB- B

show ip route sl AU -*

Biizh ip route

odes: C — connected, % — static. R — RIP. M — mohile., B — BGP
D — EIGRP. EX — EIGRP external. 0 — OSPF. IA — OSPF inter area
M1 — OS5PF HWS55A external type 1., N2 — OQS5PF HS5A external type 2
E1i - 0SPF external type 1. E2 — O0SPF external type 2
i — IS-IS, su — IS-IS summary, L1 — IS-IS level-1,., L2 — IS-IS level-2
ia — IS5-I8 inter area, * — candidate default, U — per—user static route
o — ODR, P — periodic downloaded static route

ateway of last resort iz not set

172.28.0.0-32 is subnetted. 1 subnets
17228 .14 .1 [116-65]1 via 192.168.1.1, B0:24:57, SerialB-B
172.31.8.8-32 is subnetted. 1 subnets
172.31.1.1 [118-129] via 192.168.1.1,. 8A:24:57, SerialB- @
172.38.0.8-32 iz subnetted. 1 subnets
172.38.1 .1 [116-1292]1 via 192 . 168_41 .1, BAA:24:57, SerialB- @
172.39.8.8-24 is subnetted. 1 subnets
172.39.1.8 is directly connected,. Loopbhackl
192 .168.1.8-24 iz directly connected,. SerialB@- @
192 _.168_2_.A-32 iz subnetted, 3 subnets
1922.168.2.2 [1168-128] via 192.168.1.1, BB:24:57. SerialB /8
192.168.2.3 [118-128] via 192.168.1.1. BA:24:57, SerialB-A
192 _168.2_1 [118-64]1 via 192 168_1.1, BBA:24:57, SerialB- @

172.30.0.0 5172.31.0.0 5 172.28.0.0 4L cilad 8GN ) cady o) audiiow RD o) a5 -
RA b s
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show ip ospf database s& Gl e _*

RB#=h ip ospf database
0%PF Router with ID <172_.37.1.1> (Process ID 1>

Router Link States <(Area B>

Link ID ADU Router Age Seql Checksum Link count
n72.28._1.1 172.28_1.1 i526 Bx8000B0ATY BxBAFER4 &
n72.38.1.1 172.38.1.1 1526 Bx800800A4 BxBAF7CC 3
n72.31.1.1 172.31.1.1 1526 Bx800000A4 AxBR2897 3
n?2.32.1.1 172.39.1.1 1574 Bx800A00AS BxBA?BDA 3

RA &) o) &)y dllig 3 3ga¥) (B lisy RA (1o 3352540l Database oadi 43 RD o 33 -
Data base J} (2 33¢aY) JS 254 ) 9

JS 5 ) obaiand ol AN (g ol LS 5 5 Al 038 o 98 9 83 AT ) Juaii U ) %
B 4By kg Lgdl Sl

Laie 43} 5o ospf JsSsig el e AT s e ) JE o) g Adpal o)) o &) LAY o 32l %
Ciudl ) g aghi g Sl 23 9 9 e 83 A6 G point-to-point Jual) g 55 bl ¢y ¢S
JUall aae Ao g AT ) Sl (e G L A8y sk 45 22525 Tp route

43 dlaial) 440§ Router b ¢ O gabicss router ¢ J425 router b, ¢ 2 J<ais Router a
A) caly o aalalian CiS alaty S routing b ) Aala B cadd A cady s g Y oSl
Gisk ) e

ip address Ji s& 192.168.3.1 & &ua (Frame-relay map ip 192.168.3.1 19 broadcast)
(s 188 Juaia router ¢ ) e i Router A (# 0ai 2 DLCI ¢S5 router b (2 oalddl

19 a2, dlci

B g S ) G585 ) Al ospE JsS Sis B 50 caal sa g 5l 138 (e Liglil U ) g -
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debugﬂh)ﬁ&\ﬁ@:\s&:dﬁhuuﬁ\ \..Abg."’:-*

debug ip ospf adj sl @b e -

Routerk# delug ip ospf adj

O5PF: Interface Serialn/df0.1 going Up

OS5PF: Build router LSE for area 0, router ID 192.168.1.11, seqg 0xB80000023

OSPF: Row DED from 1%2.162.1.2 on Serizlif0/0.1 seqg 0xCF0 opt 0x52 flag 0x7 len 32
mtu 1500 state IMIT

OSPF: 2 Way CJommmnication to 192,168.1.2 on Seriall 0/ 0.1, state ZWRY

OSPF: Send DED to 192.165.1.2 on Serial0f0/0.1 seqg 0xF4D opt 0x5% flag 0x7 len 32
OSPF: MER Megotiation Done. We are the SLAVE

O5PF: Send DED to 192.168.1.2 on Serial0f0/0.1 seqg 0x<F0 opt 0x52 flag 0x@ len 132
OSPF: Row DED from 192.163.1.2 on Serial0f0/0.1 seq 0xCFl opt 0x52 flag 0x3 len 132
mtn 1500 state EXCHAMGE

OS5PF: Send DED to 192.168.1.2 on Serial0f0/0.1 seq 0xOF1 opt 0x52 flag 0x0 len 32
OSPF: Database request to 192, 1658.1.2

OSPF: =ent LS REQ packet to 192.162.1.2, length 12

OSPF: Row DED from 192.168,1.2 on Seriallf0/0.1 seg 0xCF2 opt O0x52 flag 0Ox1 len 32
mitun 1500 state EXCHAMGE

OSPF: Exchange Done with 192.162.1.2 on Serialofos 0.1

OSPF: Send DED to 192,1628.1.2 on Serial0f0/0.1 seq 0xOFZ opt 0x52 flag 0x0 len 232
OS5PF: Synchronized with 192.162.1.2 on Serialdf070.1, state FULL

%C0SPF-5-RDJCHE: Process 100, Hbr 19%2.163.1.% on Serial0 0,/0.1 from LORDIHNG to FULL.
Loading Done

O5PF: Build romter LSRR for area 0, router IR 192.162.1.1, seqg OQxB0000024

%

router-id &< ash ai area 0 4dhiall LSA slx ash Router A O 55 &) aadaiiasi -

Database description 192.168.1.2 (s <Uily 83e18 aliuy b

w

database Jii ) sasiig 2 way Aa e A Capal Al o) 5 5 A -
DR ,BDR 4 2 5 ¥ p-To-P &) ua slave , master 2052 < 4 JS o) s A5 -

(state) s A A A o (e 2l g Jilaa ) JS JALS 6 55 ) paliad ) 138 JOA -

serial interface J3& ¢« neighbor 431 o diahy S 5459 -
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Link-State Advertisements

Al a5 el 138 Apan A5 LA e g Lgalai ) o LU Siad) 2 ggdall (e ab] an ga W ¥
S g J 98 g gl Lgaddiin Al Uil Bas B ol oy (S 48 a4 9wl 13gd Al g Bl
Ledladiy gl (S g clibl) Bacl A B2 g gal) AdSial) ais

link state database (LSDB) e agie &aaiin cpdll Cpmai ) (e ggdal) -*
link state advertisement (LSA) s

5 OSPF router types s virtual link (& L alaiia gl 138 Ay %
area border router (ABR) s Back bone router s L

‘ autonomous system boundary router (ASBR)
. daadivall metric J B s O galiiwd (S 3 OSPF LSDB overload protection s

OSPF Router Types

L) 5 aa S g B hall Sl B A s JS3 OSPF U8 855 0 pddiead O poaiiead c¥lad) e & %
s Aulud) JEY) oda dgle iy g S Jalaill ana sy ClSuAN M) 35 g Router's 3¢ 3

A sl i iaa] ll3 g Router S paldl) CPU laa ) Abasal cisleal) 3 5 -1
A ) A8 G Gla M Lgaadiay

) i aladiu) S routing summarization alidiu) axe s Routing tablp paaa S
L1 S Jgaal) aaa muadd 35S router S JS Gl (588 AN @l s 8 (default)

83l s i) JS) Network topology 4 23 52 Jsaad) 138 ¢ cu LSDB table aaa> s:S-3
. oS Gl 3ae B ana muadd A4 b 33 gaall (Router's

area MEM JS el duny | (3halia AREA'S ) cisal XY el iy JSLial X1 g ¥
. s AY (hlial) pa Gl gleal) Jalih a 685 dllata JS g Al A8, Hhy lgaa Jaladl) g5 ladd AL

| am receiving

The SPF is running too
too many LSAs.

often for me to route.

My routing table is too big,
and | am running low on memory.
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OSPF Hierarchical Routing

hierarchical (< ¢ A4l ol g L %

Autonomous System
bl sasld Jia OJQAY\ O Glilad) Jals salew area's (hlia ) FEIA] Jms.u sl Ladis ¥
AT (gl (pa AV Ao LAY JSUEal J85 081 g ASal) A B g gall cilianl

o s Al Adhaia a ) Egaatl) (S (internal) (rass Abhial) Gudi (pa Eyaail) GlS 13

. ALaal ghlal i (interarea)

D el AU 13N Jary CiS ¥

Olé Sia 1 48kaia & up and down A8 Lgd Gaay LINK (8 S dllia 98 ¢ &uaag Ladie -]
W da GBaub 58 (S s AT B e clibuaad) casle Y Ll | ga g8y Y 2 Alaiall B 32 92 gall 3 342Y)

L il A3 Gy ) 13gy nall Slgadl Jadd o A Allata B agle (il g jra agY

¥ 5 Aaladl o) Jasd Lguany aa Allalall Gl 5 93 gall 5 3gaY) L gl B S Cililua 32 93 Y -2
. (3hliall 8 3363 gall &l patl) Glea Jaals

1309 JiSi aaad) J& summarization sl gag sl gl Adhaiall Ji) Routing table s> J&i -3
ol Ja1a Abg e o8 (819 W iy a 683 Y 2 Allaia ) Sia ] Alhaie JA00 dlme AGE A5 axe U
Laaa (oS Al g W Jad 2 6819 Ll summarization Jers agdi W 2 o sl 1) of | ddhial)
area Aihial) Gudi Ja)s JBS 1g5) ua LSU Jiluy aaa Ji g4

Types of OSPF Routers

L a5l (A Aagal) cann Lgaanad dually (8193 361 £1 53 rg Y O giad) ¥

Q9809 Al Ll JAN L Al interface's IS 19S5 Al 3 3¢aY) A @ internal router -1
M\wﬁwaed‘idﬂgum!w@&wLSDB

s Jalaig area 0 4dkially Juais interface W 5Ss Al 33421 A5 : Back bone router-2
 Ahaial) udi (e B3¢0 LS ospf JsS 555

dahia (e JiSh Juaia interface (e SS1 L (58 g-‘-“ router's 3¢/ & 5: ABR router-3
A Ahia ) daadll b 5 Ladie g Alhial) o3gd Algl) Adali ga Jlgad) 138 ¢ 9 Alhaia JS () Gy
) summarization Jax asiiy, A1 I ddhia G clial) Jii e 4 gial) 3 g1 A 0 o<S
back bone router () Wi agfiy ¢ AT Gl Ga L ging Ly g Lz 4aldd) routing table
ABR's 24 Al Wi back bone router asi; a

JsSsign 4ale 58 5 ) ginterface (e BB gl L 050 1 Jgall 49 : ASRB router -4
AV Js8 589 5 OSPF A i Y S ¢ g ) JalS oy ABMA (a9 ospf JsS 58 go A

. usallyg
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i el s 9 O Raall (b £ g5 Ga SS) a1 gl router S s Of oS -*

ABR,ASBR “4a) 558 ospf & JA) JsSgign 4y A Alkia Jual s 5 Back bone router
(5 Aladiall Lgiidy Lgd Allaia JS g Alhaia (e Sk Jual g 31 8 router S 058 OF OSaall (e -*
LAY

Area 1 Backbone Area 0 Area 2
ABR and
Backbone

Backbone/
Internal Routers

Routers

ASBR and External ABR and
Backbone Autonomous Backbone
Router System Router

OSPF Virtual Links

172.16.0.0

Virtual Link

314P_176

Router 53¢ 3 330 ¢l (S 1) Gyl 138 Gl gis g8 138 : Agad gl <Ua gl -

area 0 s (plasa 1558 0 @ ¥ Yol e 48 4y lae Aaga 5 3421 0y R3 s R2 s R1
b s Calida jp 49 loop back interface 1 33 S & router JS! (5% o) quag Ll
virtual sl € adiud of addaicd o Aladl o34 8 another area 4alida 48kl 8 (4595 342y
a2 s 5 O loop back interface Ji o3 aabins < link

) Wy AL (o)) cuag Allaial) 03¢ dlia gall 3 3¢aY) () 94 area 0 Leladic) ate A cascdl g -
s gall 33gaY) Jas oa 13a D L8 98 34 Y) adgd Ailgdl) Aaki yliat LY g Adia gal) il
(area 0) 0 4dkial)

area 2 A router J4 325 451 (4 i85 oy Jua il B (glaial) 138 Ualadiad 8 cud) g-

Al router j4> ¢Ua areal 4 area 1 and area 0 .» J<ia Al router o Ja &l
area 2 2 router 4 J<aie i 3y 4l area 1 and area 2 L Ofiihia o Jage
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A4lAal) ghliall 8 33 gal) ULl a0 &) W2 (e virtual link JF o3 ¢ Cisco 4S84 J s -*

Al A g (e JAS) caall ey (o) 341

Jla Ja¥l 138 Lo padiad () router 33¢al () s 0o

pogiall 9b 138 g Lagaas a3 Al dilgdl) Ak ) Qg (S Sala o) g (1 JS) il (e e o Ayl

dazgi o) Cisco 48y 55 i

gns3 gl & virtual link s Jas by A el o ghiag -

Router | interface | Ip address Area
R1 S0/0 192.168.1.2 1
R1 Loop 1 172.28.1.1 2
R3 S0/0 192.168.1.1 1
R3 S0/1 192.168.2.1 1
R2 S0/0 192.168.2.2 1
R2 Loop 1 172.29.1.1 2

*-R1(config)#interface s0/0

Router 1 . &alill clalacy) gl s a shin ¥ gl -*

*-R1(config-if}#ip address 192.168.1.2 255.255.255.0

*-R1(config-if)#no shutdown
*.R1(config-if)#clock rate 9600

*.R1(config)#interface loopback 1

*-R1(config-if)#ip address 172.28.1.1 255.255.255.0

*-R1(config)#router ospf 1
*.R1(config-router)#router-id 172

28.1.1

*-R1(config-router)#network 192.168.1.0 0.0.0.255 area 1
*.R1(config-router)#network 172.28.1.0 0.0.0.255 area 2
*-R1(config-router)#area 1 virtual-link 172.29.1.1

loop back 1 s interface s0/0

G 0 Aalil) oY) pua gy Liad Ailuall cilalasy) & -*

aad) ¥ 138 fasle 8 (e Lgnle U a3 LIS ospf 98 5590 (2 Al Cilalas ) auda oo Liad o

*.R1(config-router)#area 1 virtual-link 172.29.1.1

172.29.1.1 &, router-id waba Sl ga daas g Auay Jary o g 4l Slgall J gl ja¥) 130
ospf JsS 55 lales) JA router-id @y ey el dldlg area 1 Adkiall P (e élly

Ahlgs JBID a3 (383 Gk Jg) G eSh RT pga a1 13609
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R3 (2 daldl) cilalacy) pua g 4l 5 ghadl) %
*-R1(config)#interface s0/0
*.R1(config-if)#ip address 192.168.1.1 255.255.255.0
*-R1(config-if)#no shutdown
*.R1(config-if)#clock rate 9600

*.R1(config)#interface s0/1

*-R1(config-if)#ip address 192.168.2.1 255.255.255.0
*.R1(config-if)#no shutdown

*-R1(config-if)#clock rate 9600

*-R1(config)#router ospf 1
*-R1(config-router)#network 192.168.1.0 0.0.0.255 area 1
*.R1(config-router)#network 192.168.2.0 0.0.0.255 area 1

O a8 O g Al ) g virtual link ¢ sSi aki al Uil router 3 cldlief gy die Badi -
CESA) Jo et 4d) aaiu s LgAY) Aie 1)y Router SH> O Adalial) i) A
172.29.1.1 s172.28.1.1

Router 2 (= dualdl) clalasy) 5 i N

*-R1(config)#interface s0/0

*.R1(config-if)#ip address 192.168.2.2 255.255.255.0
*-R1(config-if)#no shutdown

*.R1(config-if)#clock rate 9600

*-R1(config)#interface loopback 1
*-R1(config-if)#ip address 172.29.1.1 255.255.255.0

*-R1(config)#router ospf 1
*.R1(config-router)#router-id 172.29.1.1
*-R1(config-router)#network 192.168.2.0 0.0.0.255 area 1
*.R1(config-router)#network 172.29.1.0 0.0.0.255 area 2
*-R1(config-router)#area 1 virtual-link 172.28.1.1

O e O g (BN Ak (9SS e Liglil (985 Router 2 S A5 3AY) cilaley) g gy -

) e s g8 AN g G virtual-link Ji ¢esSi B (ulad) a8 Router-id J} g2
Router 3 . 4alil) database J312 43) jdy 43Y Wiy 381 o< B JAY) Gkl
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show ip route sl J3 (e clldy 3 5¢a¥) o daiill Baaldiay o ghies (NI -%

[RIfizh ip route

odes: C — connected,. § — static. I — IGRPF. R — RIF. M — mohile, B - BGP
D — EIGRP. EX — EIGRP external, 0 — OSPF, IA — OSPF dinter area
M1 — OS5PF HSSA external type 1. N2 — OSPF NHSSA external type 2
El — OSPF external type 1, E2 — 0SPF external type 2, E — EGP

i — I5-I%,. L1 — IS-IS lewvel-1. L2 - IS-I5 level-2, ia — I5-IS inter area
#* — gcandidate default. U - per—user static route, o — ODR
P - periodic downloaded static route

ateway of last resort is not set

172.29.8_0-32 is subnetted, 1 subnets

172.29.1.1 [118-65]1 via 192.168.2.2, B@:40:28,. Seriald- 1
172_28.8.8-32 is subnetted. 1 subnets

172.28.1.1 [118-65]1 via 192.168.1.2, BB:40:2%,. SerialB- 8
192_168.1._08-24 iz directly connected, SerialB- A
192_168.2 _B/24 iz directly connected, SerialB-sl

5 A TA 4alS 172.29.1.1 5172.28.1.1 (2 4ualdd) route Ji o a5 -*
area 1 ,£ A 3kl (s ) ospf inter area

show ip ospf virtual-link s8 virtual-link .2 gal& sl 33 g Wil _*

Rifizhow ip ospf virtual-links
Virtuwal Link OSPF_ULZ2 to router 172.29.1.1 dis up
RBun as demand circuit
DoMotAge LSA allowed.
Tranzit area 1. via interface SerialB-B,. Cost of using 128
Transmit Delay is 1 sec,. State POINT_TO_POINT.
Timer intervals configured, Helleo 18, Dead 48, Wait 48, Retransmit 5
Hello due in BA:060:88
Adjacency State FULL (Hello suppressed>
Index 1-2. retranszmission gueue length B, number of retransmission 1
First BxB{8>-BxAC@> Hext BxBCE> - BxBCB>
Lazt retransmission scan length iz 1, maximum is 1

Lazt retransmission scan time is B mzec, maximum iz B msec
Ri#t

area 1 4DA Ga sap () Adkial) ol o ABlal) das alis 3 router-id a3 a3 4df U aady -*
S state/full 42al) L@-ﬁ ‘_,ﬂ\ Al p-to-p Juaiy &y SR (e A gﬂ‘ interface Ji s
packet interval time Jibw ) &lalas

Cilalaey) ) (e A g virtual-link <idlas) G g8l Ua g -

S router-id J & ¥ virtual-link el of J88 o s JAT a1 &S o) 8 ¢l
virtual-link 43 5% S LegDA (1 s N Router 3420 35 S lagearea num

Of e Gl G V-link ¢S O 23 0443 router 3340 5 40 (gl JUal) o) L 380 )38

) ‘ Ol g4 aal alad

ABMal) dra ¢y sSiw ) _AY) Router o 02l router-id -1

DA e ey () Akl cund 48al) 4de o sSiu Al interface serial W Juaia 4ihia s 42
. ddhial) a8 ; 4,US o shiv interface serial Ji
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OSPF LSA Types

2 4l LSA ¢ Cisco 4 & Jsiig LSA (2 4alil) ddlidal) g1 ¢e ¢ 5l 138 B alSiin,
539 LSDB (5 Al cilibl) 3208 dald @l (42 LSDB (2 dalid) cdlavad) (e Ll
o il £15Y) e alkiiug Lald dBhaia fe Clily ol ALalS AQAY 3 dald clily o cdlad) oda

LSA
LSA Type Description

1 Router LSAs
2 Network LSAs
Jord Summary L5As
5 Autonomous system
external LSAs
6 Multicast OSPF LSA
7 Defined for not-so-stubby areas
8 External attributes LSA for
Border Gateway Protocol (BGP)
9.10,11 Opaque LSAs

5680 M 1 p8) 0 1) £k 0o plSiiung -

(oS aghy ST gl 3aal g area 48hia 1 Jusic Router J4 JS : Router LSAs -1

Jatial) ghiial) o Adkiall oo clily g Lo Jaiall link state Al b <4 Link Advertisement
. Badaa g Adma dlhale ) cila glaall da iy a gy A L

oalAl) Jaal) )AL s (1989,  20-byte LSA headers €ba ¢ s<s 4dlidal) LSA g1 5 J<is
Router-ID Js¥! ¢ silb

3 3¢2) J8 Link advertisement (»sSi a8y DR 4ege Jasy s jgadl : Network LSAs-2
w\giﬂl.ajh.d\ oda M?A#@nghﬁﬁdﬁgbq‘w‘ Router
DR (» 0aid) ip address 4 U35t LSA dawad J¥) Jial) (1589 8 542 o8 gz 23 gial

£ 55 0S5 Lgn basi pall (3hLially aldll summery link advertisement (2555 a 585 ABRs -*
i g3 4 2 5y 1) £ 51 | age sl route Jf 5 AN ) Gasbll sy 3 0B £ 53 (0 pald
g Laldll route Ji s ASBRs 3¢ Al @kl

83 guallal) AS3d) 2 yald)) link-state TD Ji &I g 53l o Qaldd) J8ad) 8 ;5 9S3a 01585 -

ASBR (5 02al Router-id g\ ) g 5 (2 galdd) J8al) A 983 (1985 -

backbone area 4dhia Jals Claglaall 038 pdidy cpe gil) (pda o685 %

(oS ASBRs 53¢ asii : autonomous system external LSAs owldll ¢ sill -5

@kl cina g Wb ()98 5 external link advertisement (- 4<s Autonomous system
Ghlial) S ) cila gleall 02d iy a6y ol g AY) ghlal) 8 3352 5al) s AY) Router 3¢ ()
STUB 3kl I L

68




E1591 028 (e £ 53 JS Jue gl g Al gl puda gy Bl

LSA Type 1: Router LSA

= One router LSA (type 1) for every router in an area

— Includes list of directly attached links

— Each link identified by IP prefix assigned to link and link type
= ldentified by the router ID of the originating router
= Floods within its area only; does not cross ABR

) i Y g Jaid Ban) o) Abdaial) Ludi JAIS ALy LSA e Jo¥) £ 53l o) a8 ALl 3 guaal
dudi oo Gl g g e JS asiig Router 53¢ G Jibul oda Jols sty g s JAY) (ghalial)
43 ool ip address $ 4 4aldl) Router-id W=2 O35S ¢ AY) 83! pa Lol

LSA Type 2: Network LSA

— Type 2

= One network (type 2) LSA for each transit broadcast or NBMA network in
an area

— Includes list of attached routers on the transit link
— Includes subnet mask of link

= Advertised by the DR of the broadcast network

= Hoods within its area only; does not cross ABR

9 GG ge clily aa g router S JS ast LSA (e (AU £ 5l o) geada g Al 3 ) gual

JS ashs &3 subnet mask Y g 9 W Jeaiall s AYI Router 53¢ A Lag L Juaial) AN

¥ g dhaiall (il A router's 53¢ (AL ) W dls & agh A DR ) Jiba ) 038 Jlu b router
s Al @hla M Ll
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LSA Type 3: Summary LSA

— Type 1 — Type 3 — Type 3 :

- - .-
L L Lo

. Ty:pe3 LSAs are used to flood network information to areas outside the
originating area (interarea)

— Describes network number and mask of link.
= Advertised by the ABR of originating area.

* Regenerated by subsequent ABRs to flood throughout the autonomous
system.

= By default, routes are not summarized, and type 3 L5SA is advertised for
every subnet.

() A1) 038 Jaa i g gal) J g gl) il g ABhaial) (o cilaglra o s giag LSA (e AN g 5
AS (& Ul route summarized Lyl Wlilay ¢ 9855 kid ABRs G Wikl alig ABR 3¢

External
Autonomaous
System

= = ==
-‘-““-\-\..-"'""f
—i Type 1 — Type 4 — Typed| |

- P

kJ
H

-

= Summary [type 4) LSAs are used to advertise an ASBR to all other areas in
the autonomous system.

= They are generated by the ABR of the originating area.

= They are regenerated by all subsequent ABRs to flood throughout the
autonomous system.

= Typed4 LSAs contain the router ID of the ASBR.

(Autonomous 3/l AS Jala Ll aly g ospf s s AY) <Y S gigl oo day 1) 3 gual
ASB 5 ABR 3¢ (i ol ol g system )
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LSA Type 5: External LSA

—{ Type — Type § — Type §

B
»

w

L J

= External (type5) LSAs are used to advertise networks from other autonomous
systems.

* Typed LSAs are advertised and owned by the originating ASBR.
* Typed LSAs flood throughout the entire autonomous system.

. Thetaduertising router ID {ASBR) is unchanged throughout the autonomous
system.

= Typed LSA is needed to find the ASBR.

= By default, routes are not summarized.
ASBR 53¢l 315k 08 Wy alyg cilida AS (1 AU SN LSA ¢ Aaldl] 5 gl
ASBR (» 4l Router-id Wiy (5G9 Adlidall AS ald ) JS Jala L jdi alyg

W JA1 3 6a gal) clibl) Bac B ¢y 65 Jibea )l o3 () alad &) caag ASaild g (Al 138 Jaga aly S -
point-to- i point-to-point (& J& 9 Ay e ASAN diay o saelud A A 9 Router
L) daay S g Ao JAN (5 AY) (3l & Lag L 22 gia o8 Al dBhial) & Loy multipoint
L 53 sa sal) A4Sl e (4 S alai ,SY Router 53¢ Cm Jibal) 038 Jals a3y
A 138 U (a2 g Router Sl Jala ja¥) 138 48 o ghin Jile ) 038 Al (5 5 (Sl
J4alk 4aldl) Database

Router A # show ip ospf database

WLES O 152, Router J4g Jala i) 3as B Jaha 53 g gal) il JS (o a iy ja¥) 128 ¥

L Jaut pal) A (4 La g Router-id Jie Wgudans ga ddayl jia cilily daie Juadlilly ja¥) 138 Ao
A3 Aais 88 b g cila ghaa i L 353 sal) 3 3gaY) A Lag ABlala JS (e il dada o
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Route £ 5 zoia 5 Al Sladlall

Interpreting the Routing Table: Types of
Routes

Router Designator Description

= Networks from within the area of
the router

OSPF intra-area

0 ter LSA) and
{r?]l;ti:mk L]S?J:I = Advertised by way of router L 5As

and network LSA

= MNetworks from outside the area of
the router, hut within the OSPF

0lA O5PF interarea autonomous system

(summary LSA) = Advertised by way of

summary LSAs

* Metworks outside of the
autonomous system of the router

0 EZ? Type 2 external routes ) fg;zrtised by way of external

0OE1 Type 1 external routes

A ECLGClaca Sveras, e S dghes resered.

Routing table J3)3 Route JS quilas Waalals il Ci g all g gi A8yl 3 gaal)
in the same area 48kiall (udi Ji13 e Route (2 0ad 290 i -
AS i B (Slgddhiall 7 A e Route s29JA s -
AS Jiz & ox ¢8ls Route (2 0ed a3 E2 sE1 s -

The show ip route Command

BouterB:=show ip Codte

Codes: © - comnected, S - static, B - RIP, H - mohile, B - BGF
I - EIGEF, EX - EIGEF extemal, O - OSPF, Ia - OSPF inter area
H1 - OSPF HSSh exterral type 1. H2 - OSPF HEShA external type 2
El - OfPFF extem=al Type 1, E2X - O5PF exterrml type 2
i - 18-1%, =1 - I2-1%2 summary, Ll - IS-I% lewvel-1, L2 - IS-IZ level-2
im - I2-1f inter area, * - cardidete derfault, T - per-user static mute
o - OOR, P - periodic downloaded static route

Gatewsy of last resort is not set

172.31.0.0/24 is subnetted, 2 subnets
17221 .2.0 [110/1663] vim 10.1.1.1, 00:12:3E, FastEtherneto/0
17231 1.0 [1104782] wia 10.1.1.1, 00:12:2E_, FastFthemetd/0
10_0.0.0/2 is vadably subnetted, & subnets, 2 masks
10,200 200.212/2 15 directly cormected, Loopbacko
10.1.2.0f2¢ is directly conmected, Sedalofofo
10.1.2_0/2¢ [110/7T22] vim 10.1.3_4, 00:12:25, Seriald/o/0

(=]
- -
L

.1.1.0/24 is directly conmected, FastEthemeto/0
10.1.0.0/24 [110/722] wim 10.1.1.1, 00:12:27, FastEtherneto/0
E2 10.264_0.0/2¢ [110/B0] wi= 10.1.1.1, 00:12:27, FastEthernetoso

conoona
=
L=
[
[
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OSPF Route Summarization

J& 43) 4 Summarization 334y Route Summarization Jas 4 alaiic (ol 138 A
luial Router 42 asiy Ladis CPU 8aa o bial) J186 iy g Routing Table 4abews
@)M 231:.\4‘_’1\ c,aLA:L“ & Ladic Asboy L,S:m Jbaall

OSPF Js5533.» ¢ Default Route i g g 4,88 Layl alatingg

hid sl g sl B LAY route (» AS) grand g4 dbluy J$ summarization J asgday -*
LSAU & jbuall épan s daldd) LSA Flay JLELH e Jliy 431 g8 o) g8 Cpag -

LSDB <ty 22 g routing table Ji aaa (s Jliy LaS -

Route Summarization For interarea And external Led ¢l ) (o all 134 acdiy

Route summarization for inter area Ji as¢ia -*

dla gall Network <laddy aldl) (ip Addressing) a2 5 Juiicl Router ABR J4 asis -
OSlg s e 44 U summarization Jex ash oS 4 Aalil) ddhial) (udi ¢ Router J4 JS
192.168.1.0 , 192.168.2.0 , 192.168.3.0 Jia dluduiia 48y oy ad 5l (168 O 58 a6l o sthaal)
YY)

BBR ) summarization J«= 3 Route s3 Ju b ABR 4 ashs ol -

. Back bone router

Route summarization for external area Ji a s¢ie -*

Ospf s J 58585 piias Router J4 e (158 4dhaiall 028 5 area dbkia daie (o< Ladis -
dagay pgiuw Jlgall 138 g ASBR Al oda b QS dahia) o (e Jgianall yig

BBR ) Wb b a gy af A8kaiall 0343 4aldl) Route summarization

cilipaadl) sda yeliin ABR 3¢l 435 BBR a s Ledic 4l 22 & Back bone router
AS g A (a9 dBhial) g A (e @l ) 038 O Ao Jila 1 g E2 o E1 4ade it

Using Route Summarization

Summarization

Routing Table for B LSAs Sent to Router C
Q172.1€.8.0 2E5 255, 055.0 |
o 1To. i858 LEE.DEE.DEE.O
Q 172.1€.10,0 255 255, 25E.0
o 172.16.11.0 255.255.255.0 -
& 172 16.12.0 255 355 355.0 | IA 172 .16.8,0 255,255.248.0 ]
o 172.16,13,0 255 285, 255.0
0172 18 14, 00 255 85, 255 0
o 172.16.15.0 258,258 285.0
O 172.16.16.0 255.255.255.0 = I
O 172.16.17.0 255_.255.255.0
o 172.1&,.18,0 2EE_ 285 25RO :'—.“| IA 172.16.16.0 255.255.252.0 ]I
0 171.1%6.19.0 SRS, 50, 205,0

+ |nterarea summary link carries mask.

+ One or more entries can represent several subnets.
route summarization Jas a3 a il 8 405 jp addressing o) @493 ALl 5 gual) -
subnet mask Ji <l (& b e lig Lyl
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255.255.255.0=0
255.255.254.0 =2
255.255.252.0 =4
255.255.248.0 =8
255.255.240.0 = 16
255.255.224.0 = 32
255.255.192.0 = 64
255.255.128.0 = 128
255.255.0.0 = 255

summarization Jax ¢llé xic subnet mask Ji JLid) ddes dide Jgun Gilud) J gand) -
AQlisal) &l jluall YA dlls 5 35k J) gh 4aa Jasy OSPF JsS 5892 Of Cisco 48y J g -
Classless 4«ladiul die Jalaill Jg J 35S 5592 529 Route JS: ualadl sub net mask Ji

. variable-length subnet - VLSM as & s¢

VLSM 4xali 223505 Y IGRP 3 RIP V1 e & 68 655 53 ciadl g 4di Liay) g -

& Route summarization Jas galid ¥ &Y ¢S ¢ 0 42

Configuring OSPF Route Summarization

Configuring Route Summarization

Remter({ogonfig-roauter) §

area area-id rangs asddress mask [advertise | not-
advertise] [cost cost]

+ Consolidates interarea routes on an ABR

Ronter({ogonfig-router) ¥

summary-address ip-address mask [not-advertiss] [tag tagl]

+ Consolidates external routes, usually on an ASBR

BYP{RKT e d%iaj 534  Route Summarization < aladi U ggw g2a s A8l By gual) *_
Ao s (Gublyagiiug

*-Router(config-router)#area 1 range 192.168.0.0 255.255.224.0
*-Router(config-router)#summary-address 192.168.0.0 255.255.224.0

Router 3¢l 15 Wgad g g sl ¥ oda ¢ alad O g el oW1 038 puda o o 98 0 S8 (809 %

Route summarization J« ai <! éllig ASBR ¢ s ABR dagas a s A1)
area 0 4ahiall J31 route J) sl i Ay g Baa) gl) ddlaial) (A0 53 92 gal) 3}9‘2\ Jud
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A8l e Y 7l -
*-Router(config-router)#area 1 range 192.168.0.0 255.255.224.0

¢ summarization Je: a siiu Al d8hiadly Galldll a3l e : Area id -

L summarization Ja a sii 3 ip addressing 4 siad) 4= ga3a 94 : rang address -
) g sl B aghiia g ip addressing sl 4agas a s 3 sub net mask Ji & : mask -
o O ol O uag (Sl g Adabida day aal) ) 13a ih o ey o LS 4l g4 g : advertise -
91 13¢) default dxda) 38 Ladll &

Al oda i 4,3 Y US I 4aY) 138 gl ; not-advertise -

Lyl s kil sal 58 5ip route Ji 13 4ad 545 : cost -

1 Y g
*-Router(config-router)#summary-address 192.168.0.0 255.255.224.0

4l summarization Js= 45 ¢ ip address Ji 529 : summary-address -

Al g b b dkiag ip addressing sl dagay a,sﬂ-w* ¢ sub net mask Ji $2 : mask -
PEIRARYY PRANTYRTR RS 131 daucal TN JA‘ $2 9 : not-advertise -

Al 8y gual) o las (Gt iy Y ghias -

Route Summarization Configuration

Example at ABR

Area 0
172.16.96.0/24 to

172.16.127.0/124

S Ty
- T, § T

Area 1

172.16.22.0/24 to 172.16.64.0/24 to
172.16.63.0/24 172.16.95.0/24
1“""“.___‘_____,_._.-#"'"/
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bl Jgaad) (A Ban gall Jia oY) udl pida g3 p 99 GNS3 el (Ao Jhiall 13gy o gl -

Router interface Ip address Area
RO S0/0 10.0.0.1 0
RO S0/1 10.0.0.2 0
R1 S0/0 10.0.0.3 0

Create from
R1 Loop back 1-2-3-4 192'.168'1'1 1
continue to
192.168.4.1
R2 S0/0 10.0.0.4 0
Create from
R2 Loop back 1-2-3-4 172'.31'1'1
continue to
172.31.4.1

Router 0 s 4alill eyl g gs (N aghin -*

*. RO(config)# Router ospf 1
*- RO(config-router)#network 10.0.0.0 0.0.0.255 area 0

Router 1 s 4alill eyl g gs (N aghin -*

*- R1(config)# Router ospf 1
*. R1(config-router)#network 10.0.0.0 0.0.0.255 area 0

*- R1(config-router)#network 192.168.1.1 0.0.0.255 area 1
*. R1(config-router)#network 192.168.2.1 0.0.0.255 area 1
*- R1(config-router)#network 192.168.3.1 0.0.0.255 area 1
*. R1(config-router)#network 192.168.4.1 0.0.0.255 area 1

Router 1 s 4aldl) cililacy) g g o aghin

*- R2(config)# Router ospf 1
*. R2(config-router)#network 10.0.0.0 0.0.0.255 area 0

*- R2(config-router)#network 172.31.1.1 0.0.0.255 area 1
*. R2(config-router)#network 172.31.2.1 0.0.0.255 area 1
*- R2(config-router)#network 172.31.3.1 0.0.0.255 area 1
*. R2(config-router)#network 172.31.4.1 0.0.0.255 area 1

GAY 54 s Route summarization sl g (50 (815 AL Gialaey) g Liad 81

AV g gy

2 pag dd jgall 5 i8¢l AN e show ip route sl AU Y a il -




ip route

: C — connected, 8 - static, R — RIP. M — mobhile. B — BGP
D — EIGRP. E& — EIGRF external. O — OSPF, IfA — OSPF inter area
M1 — OSPF MW558A external type 1. H2 — OSFF HS8A external type 2
E1 — O0SPF external type 1, E2 — 0OSPF external type 2
i— I5-1%, su — IS-I% summary, L1 — I5-I5 level-1, L2 — I5-I5 level-2
ia — IS-I8% inter area, = — candidate default, U — per—uszer static route
o — ODR, P — periodic downloaded static route

ateway of last resort is not set

172.31 . A.A-32 is subnetted. 4 subnets
172.31.2.1 [116-65%] via 18.0.68.4,
172.31.3.1 [1168-65%]1 via 18.8.8.4,
172.34.14.1 [116-65%]1 via 18.0.8.4, BB:83:83,
172.31.4.1 [118-65]1 via 10.0.A. 4, AA:B2:44,

122.168.4.8-32 iz subnetted, 1 subnets
192 .168.4.1 [1168-65]1 via 16.8.8.3, B8:63:63,

18.8.8_.8-24 iz subnetted,., 1 subnets
18.8.8.8 is directly connected,. SerialB-s8
iz directly connected, Serial@-1

1922 _168_1.8-32 iz subnetted, 1 subnets
1922 168.1 .1 [118-65]1 via 18.A. 3.3, BA:A3:A3,

1922.168.2.8-32 is subnetted. 1 subnets
1922.168.2.1 [118-65] via 168.8.8.3,. BB:B3:28,

1922 _168_3.8-32 is subnetted, 1 subnets
192 168.3.1 [118-65]1 via 1A.A.A.3,. AA:A3:28,

In
In
If
In

In

BR:62:54,
AA:@2:54,

SerialB-1
Seriald-1
SerialB-1
SerialB-1

Seriald- @

Seriald-A
Seriald- 0
SerialBd- A

Rifizh ip route

Codes: C — connected. & — static. R — RIP. M — mohile, B — BGP
D — EIGRF. EX — EIGRP external. 0 — OSPF, IA - OSPF inter area
M1 — OS5PF HWSS5A external type 1. HZ — OSPF MSS5A external type 2
El — OS5PF external type 1, EZ2 — OSPF external type 2
i— I8-I5%,. su — IS-I% summary, L1 — IS-15 level-1, L2 - IS-I5 level-2
ia — IS-IS inter area,. * — candidate default,. U — per—user static route
o — ODR. P — periodic downloaded static route

Gateway of last resort is not set

172.31.8.8-32
172.31.2.1
172.31.3.1
172.31.1.1
172.31.4.1

192.168.4.08-24

iz subnetted.
[118-1291 via
[118-129]1 via
[118-1291 via
[118-122]1 via 18.8.8.1.,
iz directly connected.,

BA:83:51,. SerialB-B
BB:83:51,. SerialB- B
BA:84:88,. SerialB- B
BB:83:41,. SerialB- B
Loophack4

16.8.8.8-24 is

16.8.8.8 is
122.168.1.8-24
172.168.2.0-24
192.168.3.8-24

subnetted, 1 subnets

directly connected, SerialB-@

iz directly connected, Loopbhackl
iz directly connected, Loophack2
iz directly connected, Loophack3

o
0
0
0
G
G
G
G
G
R

D — EIGRP, EX — EIGRP external. 0 — OSPF_ IA — OS5PF inter area

M1 — OS5PF HS8A external type 1, N2 — OSPF MS5A external type 2

Ei — OS5PF external type 1, E2 — OSPF external type 2

i— IS-I8, su — I8-I% summary, L1 — IS-I5 level-1, L2 - I5-I% level-2
ia — [5-I% dinter area, * — candidate default, U - per—user static route
o — ODR, P — periodic downloaded static route

Gateway of last reszort iz not set

172.31.8.8-24
172.31.3.8
172.31.2.8
172.31.1.8

subnetted, 4 subnets
directly connected.
directly connected,
directly connected, Loophackl

iz
is
is

iz

Loophack3
Loophack2

172.31.4.8
192.168.4.8-32
192.168.4.1
18.8.8.8-24 is
18.8.8.8 is
192.168.1.8-32
192.168.1.1
192.168.2.8-32
192.168.2.1
192.168.3.8-32
122.168.3.1

iz

directly connected, Loopback4
iz subnetted, 1 subnets

[118-129] via 18.8.8.2, BA:08:-45_
subnetted, 1 subnets

directly connected, SerialB-r@

iz subnetted, 1 subnets

[118-129] via 18.8.8.2, BA:08:-45_
iz subnetted, 1 subnets

[118-129] via 18.8.8.2, BA:08:-45_
iz subnetted, 1 subnets

[118-129] via 18.8.8.2, BA:08:46,
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Router's 53¢ 3 kb g 4ud ) 4uilly 3 108 Routing table Ji o sgsal) (& 55 -*
LAl e s Al pa Jlad) ga Lad

. 5 A (3hla e Ll ol g TA cigua Ahial) pudi £ A (0 U Route Jf cilas s 55 -
paall 13 Julihy a gl ) g awad) pa¥) puda gy () o gRI -

*. R1(config-router)# area 1 range 192.168.0.0 255.255.224.0
*. R2(config-router)# area 1 range 17231.0.0 255.255.224.0
) gy g Aol O g i ¢

RO
Réfizh ip route
Codez: C — connected, & — static, R — RIP, H — mobile. B — BGP
D — EIGRP. EX — EIGRP external, 0 — OSPF, IA — OSPF inter area
Hi — OSPF WSSA external type 1. N2 — OSPF HSSA external type 2
Ei — OSPF external type 1, EZ - 05PF external type 2
i — IS-I8, su — IS-I% summary,. L1 — IS-IS level-1i, LZ — IS-IS5 level-2
ia — IS-IS inter area, * — candidate default, U — per-user static route
o — ODR, P — periodic downloaded static route

Gateway of last resort is not set

172.31.8.8-17 is subnetted, 1 subnets
0 IR 172.31.8.08 [118-65] via 18.80.80.4, G0:80:26,. Seriald- 1
18.8.8.8-24 iz subnetted, 1 subnets
C 18.8.8.8 is directly connected, SerialB-@
iz directly connected, SerialB-1
gaiﬂ 1922 .168.8.8-19 [118-65]1 via 18.8.8_.3, B0:80:11, SerialB- A

Rifish ip route

Codes: € — connected,. 8 — static, R — RIP. M — mobile, B — BGP
D — EIGRP, EX — EIGRP external. 0 — OSPF, IA — OSPF inter area
Mi — OSPF MS55A external type 1. M2 — OSPF M55A external type 2
El1 - OSPF external type 1. E2 — OSPF external type 2
i— I8-I%, su — IS-IS summary, L1 — IS-I5 level-1. L2 — IS-I% level-2
ia — IS-I% inter area, ¥ — candidate default, U — per—user static route
o — ODR. P - periodic downloaded static route

Gateway of last resort is not set

172.31.8.8-1? is subnetted, 1 subnets
1n 172.31.8.8 [118-.122]1 via 10.8.8.1, AA:AA:56, SerialB-A
192.168.4.8-24 is directly connected. Loopback4
18.8.8.8-24 iz szubnetted, 1 subnets
18.8.8.8 is Qirectly connected, SerialB-@

192.168.2.8-24 is directly connected. LoopbackZ
192.168.3.8-24 is directly connected. Loowpback3d

0

C

-

G 192 .168.1.8-24 iz directly connected,. Loopbhackl
C

C

) 192_.168.8.8-17 iz a summary,. BA:AA:56. Null@

H

18

RZ2<{config—routerdtarea 1 range 172.31.68.8 255.255_.224.8
E%écunfig—ruuter)ﬂAZ
*Mar 1 BB:12:54._847: »8¥S5-5-CONFIG_I: Configured from console hy console
RZz#izh ip route
Codez: C — connected, 8 — static., R — RIP, M — mobile, B — BGP
D — EIGRF. EX - EIGRFP external. 0 — OQSPF, IA — OSPF inter area
Hi — OSPF HS5A external type 1. N2 — OS5PF MS55A external type 2
E1l — OSPF external type 1, E2 — O0SPF external type 2
i — IS-I5, su — I5-I5 summary, L1 — IS5-1I5 level-1i, L2 - IS-I5 level-2
ia — I5-I5 inter area,. * — candidate default. U - per—user static route
o — ODR, P — periodic downloaded static route

Gateway of last resort is not set

172.31.8.8-16 is variably subnetted,. 5 subnets, 2 masks
172.31.3.8-24 is directly connected, Loophack3
172.31.2.8-24 is directly connected, Loopback2
172.31.1.8-24 is directly connected. Loophackl
172.31.8.8-1?7 iz a summary, BB:00:48, HullB
172.31.4.¥W-24 is directly connected, Loopbackd

18.8.8.8-24 iz subnetted. 1 subnets
18.8.8.8 is directly connected,. SerialB-A

R2£H 192.168.8.8-19 [118-129]1 via 180.8.8.2, 88:88:32, SerialB- A
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Routing Ji Jal uaa b ¢ 65 & 451 route summarization sl Usda g of any W g 5 -
o) Al Sl ) Al Ladie Al oo laad) 138 3214 g null( 4e interface A& Juaia 54 g table
Al o2 Jali) ¢ summarization ! J« a3 A network Jl 4 gaa z & 815 Router
172.31.5.0 42l Co adatiea) Al Jlaa ) a3 13) &l e JBa | loop &a iy <1 i3 Drop
Bl p ghaes W2y 0l Lasie 5 g Lglany 3l S e Al ) 032 Ataa g g 4l
loop ¢! s ey dllly g gde alsliey <1 AT g ) Aba ) 4 55 58 (5 drop A )

Route Summarization Configuration at ASBR

Route Summarization Configuration

Example at ASBR

o B

ASBR Area 1

External Autonomous

System-RIPv2 OSPF
172.16.32.1/24 172.16.64.1/24
172.16.32.0 to 172.16.63.0
255,255.255.0

_\_'_'_'_'_,.ﬂf
LSAS —*

R14

rauvter ospf 100

natwark 172_16_64.1 O©0.0.0.0 area 1
summeEry-address 172,16.32.0 288 2858, 2240

ASBR 53¢} ¢l 5 531y ASBR 3321 = Route summarization () J&iiia o ¥ -*

Jia ospf & JAI JsSsign Janiy one area or more siSi gl ddkia o dluaia 3 3¢l A

. cilida AS a8 Jasi (15859 EIGRP ) RIP

g A Gug B S Adde (il UKty saa el addiida JUal) 138 g ¥

J8S 59900 A Jala W i g RIP Jie s AY) <Y oS g g ll i Balels aghs 94 9 redistributed

. OSPF

. GNS3 gebin g Alal) 02 o ae Jlia (gaadaly o gl ) pL o -

Juaia Y Jlgal) g Lageany aa Galaia Router Cril o s pgdic 5 guall b pudal g LaS g g %

. area ( 4ihiall e
Router interface Ip address Area
R1 S0/0 172.16.64.1 1
Loop 1to 4 from
R1 172.16.1.1 to 2(AS2)
172.16.4.1
R2 S0/0 172.16.64.2 1
Loop 1
R2 192.168.1.1 !
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Rl R2

Route summarization foa g agii O Yol OS5 R1 (2 Aalldd) cilalacy) g oy PR

*-R1(config)#router ospf 1
*.R1(config-router)#network 172.16.64.1 0.0.0.0 area 1
*-R1(config-router)#redistribute rip subnets
*.R1(config)#router rip

*-R1(config-router)#version 2

*-R1(config-router)#network 172.16.1.0
*.R1(config-router)#network 172.16.2.0
*-R1(config-router)#network 172.16.3.0
*.R1(config-router)#network 172.16.4.0

R2 M ¥ Jadiie *

*.R2(config)#router ospf 1
*-R2(config-router)#network 172.16.64.2 0.0.0.0 area 1
*.R2(config-router)#network 192.168.1.0 0.0.0.255 area 1

R2#izh ip route

Codes: C — connected. S — static, R — RIP, M — mohile. B - BGP
I — EIGRP, EX — EIGRP external. 0 — OSPF. IA — OSPF inter area
N1 — OSPF HS55A external type 1. HZ2 — OSPF HSSA external type 2
E1 — OSPF external type 1, E2 — O5PF external type 2
i — I8-I8%, su — IS5-IS summary, L1 — IS-IS level-1, L2 - I5-I5 level-2
ia — IS-I8 dinter area, ®* — candidate default, U — per—user static route
o — ODR, P - periodic downloaded static route

Gateway of last resort is not set

172.16.8.8-24 iz subnetted. 5 subnets
172.16.4.8 [118-28]1 via 172.16.64.1,. BA:81:37,. SerialB-A
172.16.1.8 [118-28]1 via 172.16.64.1,. BA:81:37,. SerialB-A
172.16.2.8 [118-28] via 172.16.64.1,. BA:81:37,. SerialB-A
172.16.3.8 [118-28] via 172.16.64.1,. BA:81:37,. SerialB-A
172.16.64.8 is directly connected, Seriald- A
192.168.1.8-24 iz directly connected,. Loophackl [ |

ospf JsS 5 ok oo g R G (A0 (A 4G4 Jiiy R2 O Bl (b 553 -
a3 1 i (5 5 LISy OSPF S sis e s SA1 8550 £33 40 (xS A E2 32 550 s
summarization J) x4 g& 5 a sl (¥ Route summarization

*. R1(config-router)#summary-address 172.16.0.0 255.255.224.0

058 B R1 ¢} ¢ siws summarization Ji sl gy 30 3 guall 3aaLday a ghin oY) -
Router 8¢ G loop &g pday <1 43dlig g interface Null0 2 iz L
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null0 (us<is R1 A= A a9 dayiiody ¥

Rifich ip route

Codes: C — connected. 8 — static. R — RIP. M — mohile., B — BGP
D — EIGRP. EX - EIGRP external. 0 — OS5PF,. IA - OSPF inter area
M1 — OS5PF NSSA external type 1. N2 — O0SPF MHS5A external type 2
E1 — O0S5PF external type 1. E2 — OSPF external type 2
i— IS8-I5, su — IS-I8% summary,. L1 — IS5-I% level-1. L2 — IS-I% level-2
ia — IS5-I5 inter area, ®* — candidate default, U - per—user static route
o — ODH, P — periodic downloaded static route

Gateway of last resort iz not set

172.16.8_8-16 is wvariably subnetted,. 6 subnets,. 2 masks

LH 172.16.4_0-24 is directly connected. Loophack4

0 172.16.8.8-17 is a summary. AA:A3:21. HNullA@

G 172.16.1.8-24 is directly connected,. Loopbackl

G 172.16.2.0-24 is directly connected,. Loopback2

G 172.16.3.8-24 is directly connected,. Loopback3

M 172.16.64_8-24 iz directly connected, SerialB-f
192.168.1.8-32 is subnetted. 1 subnets

0 192.168.1.1 [118-65]1 via 172.16.64.2,. BA:12:81. SerialB-A

R

R2 /= Routing table s> 3Liiu Route summarization s g g s daiil) -*

R2#izhow ip route

Codes: C — connected, & — static. R — RIP, M — mobile, B — BGF
I — EIGRP. EX - EIGRP external, 0 — OSPF, IA — OSPF inter area
N1 — OSPF HSSA external type 1. N2 — OSPF HNSSA external type 2
El - OSPF external type 1, E2 — OSPF external type 2
i - IS-I%5, su — I8-I% summary, L1 — IS-IS level-1, L2 — IS-I% level-2
ia — IS-I% inter area, * — candidate default. U - per-user static route
o — 0ODR, P — periodic downloaded static route

Gateway of last resort is not set

172.16.8.8-16 is variabhly subnetted, 2 subnets,. 2 masks
0 E2 172_.16.8.8-19 [118-28]1 via 172.16.64_1, BB8:88:12,. SerialB-A
C 172.16.64.8/24 iz directly connected. SerialB-H
EZH 192.168.1.8-24 is directly connected,. Loopbackl

Lk aal g s ) network Ji JS Bk a3 4] (g 4 -
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Default Route in OSPF

(i) 38 pal) (B i ) Jad el (S 1)) alad LaS 2 9 Default Route 3218 alaiic (ujal) 138 & %
i piEudin £ g 1 JS Oy £ 8 S (b L1 18 S 5 8 Al ¥ Al g Jarh () sl
Default Route ) &b 8 i g i) 38 pal) (2 352 gall i 52Y)

Default Routes in OSPF

OSPF
Autonomous10.1.1.1
System

Internet
Service
Provider -

198.1.1.1
44— 0.0.0.0

default-information originate sl a3diui O oy 430 OSPF JsS 552 Of Cisco 48 J g -*
8N (Al B Lgale G iie g Default area owd 4dhia Ji13 Default Route s b <1 lliy
. &AY) Router 3¢ = Default Route & aly <1 0y b a3 g0 430

static »l 52 5ip route b = Route 0.0.0.0 J&5 A g dustad) 48y jhall 2 9 48 ha Jf -
always 4alS g9 2o default-information originate sl aladic) A& 948 b Al -*

ip route 0.0.0.0 0.0.0.0 3.5.2.2 Jia static 4&: sk ip route s &S axs s 8 &lld g
default route 4 Ie (2 router J5dd & 5 i) s & Ly always 4alS pua i g

¥ sl default route 2 5: (S £ 3 JI 2 (00 Ja ) A

4 LR e gl A g Y Gud e AUl ya) Y aal aladia) (e -

i ) bad U S ol Gl g A JLaYL default route s4d A WSl : always -

A R0 algh A g i ) YD poa A yal g1 s alakiad oSy

Param eter Description

always (Optional) Abways advertises the default route regardiess of
whether the router has a default route in the routing table.

metric metric-valus (Optional) Metric that is used for generating the default route.

If you omit 2 value and do not specify a value by using the
defaultdetric router configuration command, the default metric
value is 1.

Mote: 105 documentation indicates that the default metric value is
10; testing shows that itis 1.

metric-type type-valus (Optional) External link type that is associated with the default
route that is advertised into the OSPF routing damain. It can be
one of the following values:

1. Type 1 external route
2 Type 2 extemal route
The default is type 2 external route (O *E2).

routs-nap map-hans (Optional) Routing process generates the default route if the
route map is satisfied)
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Configuring OSPF Default Routes

Ronter({agonfig-router) §

dafault-information originats

Talnal

[alvays] [metric mefrico-

[metric-type fype-wvalue]

[route-map map-namsa]

+ Normally, this command advertises a 0.0.0.0 default into the
OSPF network only if the default route already exists in the

routing table.

+ The always keyword allows the 0.0.0.0 default to be advertised
even when the default route does not exist inthe routing table.

Shal o\ 1) A.a\ub e luy a1 138 o @Ja]waysaadscp ?Sﬁgﬁiugw! gl A g5 ¥
1.1.1.1 Jasi s AT default route <ius o)) 15 i 5 ip 0.0.0.0 Jea3 Default route

JAX Y default route s (2 589 Gkl o) Cua dagall oda o daclunw oY) 138 ol

s sl 4aY) 138 e always 4alS gl g ()5 0.0.0.0 & dpdal i) A%, jhay H&T g B ila ARy
1.1.1.1 Jis LAl ip address Jasi WSl g ospf JsSsisn Jal il default route Jai o

Default Route Configuration Example

4— 0.0.0.0 Cost 10

198.1.1.2

10.1.1.1
Prmrldar
1931 A1

Internet
Service

OSPF Domain
Internet
10.21.1 Service
. Provider
188.21.1 B
44— 0.0.0.0 Cost 100

El#

router oapf 100

network 10,1.1.1 ©.0,0.0 area 0
defaul t-informaktion ariginate mekria 10

ip route 0.0.¢.0 0.0.0.0 158.1.1.2

R2W
router cspf 100

network 10.2.1.1 0.0.0.0 araa O

defaul t-infarmation originate metric 100 .

ip route 0.0.0.0 0.0.0.0 1%8.2_1.2

]

adia JSt ciltlas) g a4l g, 2 internet provider Lol gy 45 A&l 3 gual) B (5 i ¥
aladiu ahy I Router JS o 4dlida ab g g a3 g Router ¢! e 4ad

Al Alia) i 98 S provider B gy al O 9 (i ) Aaddl) adia g4 451 Ll Provider A
Q!J}Hdsgémetric Ji dagd cada GJSJ‘;*A:\SJS\ daail) e&@ﬂ&d’m&sh e dafadid
Sl 4 J8Y) dagdl)
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il J$ 0819 Packet Tracer 5 gy aladiul default route Ji (A Jlia by 1 a il ¥
. ‘é.\hj\ @'433\ Al S GAL-.[):\S‘ u.\ﬁ always sl aagay

ip rouke 0.0.0,0 0.0,0.0 Faskethernet 00
default-information originate

11.0.0.2

192.168.1.1 192.,168.1.2 10.0.0.2

e e S Gseraiinn,_ _ o[

11.0,0,1 Faofo W00 S,

2811 2811 PC-PT

server-PT RouterD Routerl PCO
Serverd

3 3¢aY) e claaey) i g oY1 a glin -

*. RO(config)#interface serial 0/0/0

*. RO(config-if)#ip address 192.168.1.1 255.255.255.0
*. RO(config-if)#clock rate 9600

*. RO(config-if)#no shutdown

*. RO(config)#interface fastEthernet 0/0
*- RO(config-if)#ip address 10.0.0.1 255.255.255.0
*. RO(config-if)#no shutdown

*. RO(config)#ip route 0.0.0.0 0.0.0.0 fastEthernet 0/0

*- RO(config)#router ospf 1

*. RO(config-router)#network 192.168.1.1 0.0.0.0 area 1
*- RO(config-router)#network 10.0.0.0 0.0.0.255 area 1
*. RO(config-router)#default-information originate

*. R1(config)#interface serial 0/0/0

*. R1(config-if)#ip address 192.168.1.2 255.255.255.0
*. R1(config-if)#clock rate 9600

*. R1(config-if)#no shutdown

*. R1(config)#interface fastEthernet 0/0
*. R1(config-if)#ip address 11.0.0.1 255.255.255.0

*- R1(config)#router ospf 1
*. R1(config-router)#network 192.168.1.2 0.0.0.0 area 1
*- R1(config-router)#network 11.0.0.0 0.0.0.255 area 1

Jgally Aaiil) 3Ly o siiv Router (¥ Lo clalasy) il g Uad o aay ¥
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tic route, o - ODE

DAY Ao A8yl B ) gua) A (s 5 ¥

*. RO(config-router)#default-information originate
Ol s A5 default route & Jsieal) router & S < 192.168.1.1 48la) & 4d) g -*
gateway gai o) csthal) 9 138 g Gateway of last is 192.168.1.1 to network 0.0.0.0

Ul tracert s 4LUSy pel o JA @k e Al ¢ ) liCay g Ly 5 Al dSpilt
default route 4/ i 192.168.1.1 a3iiey gl o

route

FastEthernet

.

table Ji JAT & static shw d8La) a3 8 5 43 aldll gateway 4Ll ol B RO of 54 -*
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Configuring OSPF Special
Area Types

A9 Clranna 3y Lima 3hlia iy 25 OSPF Js8 5890 sl ¢ aan sl Gas ) &) aes -
. not so stubby area s totally stub area s STUB area

Jall g dlhala JS JA00 LA Jibay (s g JLALH (e 233 0 98 stub areas alidiul (e ciagl) g -*
. 4ihia JS Ji)a Routing table 4alus Jiliiy LSDB 4alus
stub areas aladiul aghbd &) gl o) Lo GGA aaan o oy 4 Cisco 484 J gt -
Lo sil) o dae b g LS Aa) eal e cpal (3hlial) oda il
not so stubby area = NSSA 4alS! jLaid) A

Configuring OSPF Area Types

: Adlisal) OSPF (3hlia (e Gaaaty o Jall 13a %
NSSA - totally stub area — stub area — back bone area - standard area -

Types of Areas

Stub Area Backbone Area 0

i

Totally Stubby
Area

—

Does not Interconnects Does not
accept areas; accept
external LSAs accepts all external or

LSA iy (e Abied g1l £ gil) caan o dbhaia JS Cia ¢ p gl -

s Link state update Jisa LSA Jibw) £ il JS Jiis ddkaial) 038 : standard area -1
. External Route s Route summarized

L, A @hUall S L dualy () A ) ABlaial) (4 4Bhaial) 024 9 : back bone area -2
£330 S 8 it a5, ABalal) o3 8 (3lalial (o Sibuusl) JS J85 as ) area () ABkaially e
. LSA packet Jilwy

&Y ) RIP Jie gAY <Y ¢S 55 54) ¢ External route Ji&i ¥ 4dhial) o3a : stub area -3
AR Lgild pip Jie Calida aUaS ) Giaal) ddhaial) 038 <) 1 13) g (OSPF JsSsigsn 5.9

e S gl g (ahlia M) &aadl) e Jgiwall ABR (2 Wa sy ¢l 2 g Default route 0.0.0.0
Layl 8 ABR Ji S 058 O 59w ASBR 4 o o5l ) (Say ¥ Alhaial) oda Adlisal)

. gl il 4 ASBR
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¥) RIP Jia s AY) Y oS 5ig sl (@ External route Ja ¥ 4dkiall o34 ; totally stub area -4
padiud Ll rip Jie cilida alai ) Gasdl) dhial) o2a <l i 13) g (OSPF JsSsig s Jii

S s siad ) ¢Say ¥ ddhial) s2a summary Route Ji ¥ Lasi 4 5 Default route 0.0.0.0

. gl pudi & ASBR L 8 ABR Ji J 0158 O s 9« ASBR J4>

stub area ual 5 an; al Ahial) 838 7 (5 giuall 0 LSA Jilu) Ji3 48hial) o1 : NSSA -5
. k88 ASBR (o (s il o)) pulaiud d8haiall 038 5 totally stub area s

Stub and Totally Stub Area Rules

An area can be stub or totally stub if:

+ There is a single ABR, or if there is more than one ABR,
suboptimal routing paths to other areas or external
autonomous systems are acceptable.

+ All routers in the area are configured as stub routers.
+ There is no ASBR in the area.
+ The area is not area 0.

+ No virtual links go through the area

2 < ad A g External Route J:i&i ¥ (3hlal) o3 : stub and totally stub areas -*
3 stub area Wi o ddhiall Gy i (Say, 5 a8 £ 6l ¢ LSA Jilsy LSA type 5
: Al cliua) gall cibla 131 Totally stub area
05%: O 3 (ABR) s AY) gl ) &aadl) g dikial) sdb (e g gl kb aalg (3 b dllia -1
Tyl (Sl g a5 (e ST gl aa) g ABR S L 229 13) , ABhial) o2 ) & e B cllia
e sl 58 s AY BhUal L) Jga sl aalaiod Y ABhiall oda A Ba g gall 3 3¢ JS ¢
 Alhial g s AN gl ) Jsasl sk b g Jla) JLEA) B 3gaY) oda gaal

stub WS o L i ol of stub area J3)2 5342 54!l Router's 3l JSos ol e 2
. stub 4 & G ) e ABR i Ly s AY) BigaY) Gmg Wedn A8dally o 685 o) J&

dalaiall o34 J312 ASBR 8¢l g ¥ -3
back bone area 0 & o3 (sSiY o) -4

Routers 3¢ e virtual link &Y ol -5
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Configuring Stub Areas

Using Stub Areas

RIP

+ External LSAs

are stopped.
+ Default route
is advertised
into stub area sﬂt‘;?a?ias:d

by the ABR.

« Allroutersin

area 50 must Sum..r.r"lar}' — | |Summary—_ _— | Summary|

he configured ¢ )
as stub. [—] —] —

*] ~—_— B /’j [~ |

Default — || External —| External |—| External [*

i W & o

Fah

Sl ) a5 o g Adhaial) 022 JA1A LSDB aaa (e J ddhial) o2 ; ddhial) oda ciliua) ga *
s i A g external route J oad, al , Router J4a J31 RAM s CPU Jiga = kil
(OSPF & s AY) ¥ ¢S gig ) JS b)) o) (LSA type 5) LSA Jituy (e gualdd) g gil)

Router j4= 3, 131, default route 0.0.0.0 &b oo 4dhid) o34 & Routing 4sles ai -*

o) bl o8 4 g 4 g8y 9 default route addicy 4ild o Al dSud ) &aady ¢ Adhaial) o3 Jaa
Routing a3 Jli e soluy Laa 5 AY) @hlall ) &aadll g Jgiwal 49 ABR Router S
L A3kt oda <t 335> 3ol Router 53¢ Jala table

il Sl s Jis hup-and - spoke topology Al A stub area 4dkaia aladic oy -*

il S0l ) default route sxim g Jsb g gl 3L A4S pal Al dala W g b Jsh g g AN Bl
L E5A Bl dluagi o Jgimall ga il S el

Stub Area Configuration

Routerbioconfig-router)#

arsa arsea-id stub [no-summary]

+ This command turns on stub area networking.
= All routers in a stub area must use the stub command.

Routerh (config-router)

arsa arsa-id default-cost cost

« This command defines the cost of a default route sent into the
stub area

* The default costis 1.
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3 Allata 5 g3 gall 3 3¢ JA1 dndal o ceam o1 GalAd) 1Y) (g 5 ARl B gual) B
ddhia 4 galdll g4 area area-id stub <Y1 13 o J 8 Ol Gaa (<19 stub area ) Wligas
totally stub Y dihiall oda Jsati id 1Y) 3L Y no summary 4elS A3Lal, Liad 13) L stub
dahiall 34 3le) s g 1Al routers 33421 ) summary route Jsay gias ya¥) 138 i Area
totally stub sl stub <uils 13 L 5 Al

Ll idy) dagdl) g Adhaial) oda JAI3 pdiin A default route 4ed Jiay g¢d G e Laj %
N TX

OSPF Stub Area Configuration Example

192.168.14.1 192.168.15.1
External S0/0/0
Autonomous

System
ES md it
interface FastEtharpet 070 interface Serial 0/0/0
ip address 192.168.14.1 255.255.255.0 ip address 152,168,15.2 286,285 255,282
interface Sarial O0/0/0
ip address 1%2.166.15.1 255.25%5.255.252 routar ospd 15

network 132.188.15.0 0.0.0.258 araa 2

router ospf 100 area 2 atub
network 192 _168_14.0 0.0.0.255 area O
netwsrk 192.166.15.0 0.0.0.255 area 2
area Z stub

Jasail area 2 stub e 43La) a3 43l 5 )39 stub area dxk o Jla A8l 3y gall b (o 4 -
stub area (! standard area 4:\s ddhia (pa Adhial) 528

Zelin pl233uL totally stub area s stub area (= 5 o Jee JUa Gubaly o fliu ¥

. GNS3
102,168.1.1
AREAR 2 =t ~= 7. AREAD
172.30.1.1 {BSerthﬁ OSPF AND RIP

— S 2811

a0 JfD-"'-'b——--{'ﬁ‘rft| SayOArl er0,0/0 BER

2011 2811 1o 18,12
2 is stub ABR
172.20.1.2
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Router interface Ip address Area
BBR Loop back 1 198.0.1.2 0
BBR S0/0/0 192.168.1.1 0
ABR S0/0/0 192.168.1.2 0
ABR S0/0/1 172.30.1.1 2

R2 S0/0/0 172.30.1.2 2
R2 Loop back 1 128.1.1.5 2

L Agde 00N cialaey) g asii BBR (A Jsdall (¥ a ghia

*-BBR(config)#interface loopback 1
*-BBR(config-if)#ip address 198.0.1.2 255.255.255.0

*-BBR(config)#interface serial 0/0
*-BBR(config-if)#ip address 192.168.1.1 255.255.255.0
*-BBR(config-if)#clock rate 9600
*-BBR(config-if)#no shutdown

*-BBR(config)#router rip
*-BBR(config-router)#network 198.0.1.2

*-BBR(config)#router ospf 1
*.BBR(config-router)#router-id 1.1.1.1
*-BBR(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-BBR(config-router)#redistribute rip subnets

3 OSPF Js8 535 23 Router 1% oY) el Router BBR Jals 404l calsey) gy -*
- Router ABR (s @l Y) g gy (¥ p i, rip d S 5ign

*-ARB(config)#interface serial 0/0
*.ARB(config-if)#ip address 192.168.1.2 255.255.255.0
*-ARB(config-if)#clock rate 9600
*.ARB(config-if)#no shutdown

*.ARB(config)#interface serial 0/1
*-ARB(config-if)#ip address 172.30.1.1 255.255.255.0
*-.ARB(config-if)#clock rate 9600
*-ARB(config-if)#no shutdown

*-ARB(config)#router ospf 1
*.ABR(config-router)#router-id 2.2.2.2
*-ARB(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.ARB(config-router)#network 172.30.1.0 0.0.0.255 area 2
*-ARB(config-router)#area 2 stub

rip routing &} s 4 > R2 s Router ABR 1 area 2 stub Jhu g s a i ¥ o Jubf -#
area 2 stub 4l shu gy 23 G 555 Tlab R2 () Jus
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R2 A& claaey) g (Y1 a ghins -

*.R2(config)#interface serial 0/0

*-R2(config-if)#ip address 172.30.1.2 255.255.255.0
*.R2(config-if)#clock rate 9600

*-R2(config-if)#no shutdown

*-R2(config)#interface loopback 1
*.R2(config-if)#ip address 128.1.1.5 255.255.255.0

*.R2(config)#router ospf 1
*-R2(config-router)#router-id 3.3.3.3
*.R2(config-router)#network 172.30.1.0 0.0.0.255 area 2
*-R2(config-router)#network 128.1.1.0 0.0.0.255 area 2
*.R2(config-router)#area 2 stub

area 2 stub sl pdg J8 Laalidu 8 (815 Ll Ul g (i) Aaiil) 5aaliiay o giius (Y1 -

ip route

C — connected, 8 — static. I — IGRP, R — RIP, M — mobile. B — BGP

D — EIGRF, EX — EIGRP external, 0 — O0OSPF. IA — OSPF inter area

M1 — O5PF N55A external type 1, N2 — OSPF HNS35A external type 2

El — OSPF external type 1. E2 — OS5PF external type 2, E — EGP

i— IS-I8, L1 — IS-IS level-1, LZ — IS-I5 level-2, ia — IS-I% inter area
# — pandidate default, U - per—user static route, o — ODR

P — periodic downloaded static route

ateway of last wesort iz not set

172.30.8.8-24 is subnetted. 1 subnets
172_38.1.8 i=s directly connected, SerialB-1
128.1.8.8-32 iz subnetted, 1 subnets
128.1.1.5 [118-65]1 via 172.30.1.2, BAA:@A1:44, SerialB-1
E2 198.0.1.08-24 [118-28]1 via 192.168.1.1, B8:81:44. Serialf- @
192_168.1_8-24 iz directly connected, SerialB-A

¢\ 3% ABR () di<i rip route Of W gliiy show ip route sal daui A4l 3 ) guall & %
s p s O G Al 5 ) puall 03 5 rip route o3 4xl) Jual g2 5 R2 L dadldl) 3, all
ABR , R2 (% JS & area 2 stub

R2#izh ip route
Codes: C — connected, 5 — static, I — IGRP. R — RIP. M — mohile, B — BGP
D — EIGRF, ER — EIGRP external. 0 — OSPF. IA — OSPF inter area
M1 — OSPF MS85A external type 1. N2 — OSPF HNS5A external type 2
El — OSPF external type 1, E2 — 0OSPF external type 2. E — EGP
i — IS5-I8, L1 — IS5-I8 level-1, LZ — IS-I5 level-2, ia — IS-I5 dinter area
# — candidate default, U — per—user static route, o — ODR
F — periodic downloaded static route

ateway of last resort iz not set

172.38.8.08-24 iz subnetted. 1 subnets
172.38.1.8 iz directly connected. SerialBd- 8
128_.1.8.8-24 is subnetted. 1 subnets
C 128.1.1.8 is directly connected, Loophackl
0 E2 198.08.1.8-24 [1168-28]1 via 172.30.1.1,. 88:88:87, SerialB- 0
IA 192.168.1.8-24 [118-128] via 172.368.1.1, 88:88:87,. SerialB- @

42 5 ) gual) B (YT WL e S external route 4l Juai R2 of ddild) 3 gual) B (5 i -
Jiad 4agii g router ABR () default route W\ 53 5 Aldiw external route o ()
. stub area ) Area 2
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R2#izh ip route
Codez: G — connected, 5 — static, I — IGRF. R — RIPF. M — mobhile, B — BGP
D — EIGRP, EX — EIGRP external. O — OSPF. IA — OSPF inter area
M1 — OSPF HS5A external type 1, N2 — OSPF HSS5A external type 2
Ei — OSPF external type 1. E2 — OSPF external type 2. E — EGP
i — I5-18, L1 - I5-I8 level-1, LZ — I8-I§5 level-2, ia — IS-I5 dinter area
# — candidate default, U — per—user static route,. o — ODR
F - periodic dowunloaded static route

Gateway of last resort iz 172.38.1.1 to network BA.B.8.8

172.30.8.8-24 iz subnetted. 1 subnets
172.30.1.8 iz directly connected,. SerialB-@
128_.1.8.8-24 iz subnetted. 1 subnets
C 128 _1.1.8 i=z directly connected, Loophackl
0 IA 192.168.1.68-24 [118-1281 via 172.38.1.1, 00:80:83, SerialB- B
0= B.8.0.8-8 [118-65]1 via 172.30.1.1, BA:868:83. SerialB-B

Jusad daqii Al g default Route 0.0.0.0 via 172.30.1.1 i W ki A8l 5 ) gual) b -
stub area () area 2

Clad e il oy (S stub () AREA 2 o 335254 Router J\¢= S digai o O quag %%
3 34aY) (AL (g agein ABY) (288 &5 grea 2 stub el g g Liad Ladie 45Y &llig ABR J4 2o
dahial) oda Ja1a 5 3¢aY) BLg ABR Ja O gl ABal) Jlais) afi Sl 2 Allaiall Ja)a 33 93 gall
. stub ! area 2 Ja12 53¢ IS Jaa g e

Configuring Totally Stubby Areas

Using Totally Stubby Areas

+ External LSAs
are stopped. RIP

+ Summary LSASs
are stopped.

+ Routing table
is re_:d_uced to
a minimum. Area 50 Stub

+ All routers must “JotallyStub
be configured

as stub. — J; ~— -

+ ABR must be Default — _sun-rn:ar'_.r_— —| Summary
configured as . W >
totally stubby. .

2y SRy = | = = =

+ This is a Cisco — — ,J ~— |,
proprietary Default | External | External External [}
feature. ‘ X - >

Jib ¥ ddhaial) oda Jala ) A8Lud) 3 gall B 559, Totally stubby areas () (¥ Jiiiiu -*

O g g ddkiall o3 Ji)a Routing table a»> J& s summary Route s external Route 4
iy o & o g AN Totally stub WS Ao ddhiall oda Jala 352 gall 3¢ JS Ciy gl a4
Cisco 3¢ o hid paili cilalacy) oda ¢ s g Totally stub 4dkiall oda &) = ABR

. Routers

b d8La) a% dlhaial) 038 JAla 33 gall 3 3¢aY) O 223 Totally stubby area sl gy s -*
ABR Router (| s+ 48kial) 038 8 352 34 Router 4= JS il Default route
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Totally Stubby Configuration

Routerh (config-couterl g

arsa arsa-id stub no-summary

+ The addition of no-summary on the ABR creates a totally stubby
area and prevents all summary LSAs from entering the stub
area.
o no-summary 4alS ki Civai s i LS s Totally stubby sl 4&led) 5 guall (B (s i -
stub 4dlaia g ddhaiall oda CHQJAY\Li)éjﬂ\SAJ‘)AY\JS‘

psii ¢ & dldg area stub 43hid) Y Jai Summary Route o s A Lad8l) 5 gall -
network ¢ JiS) g g a Bl | (gl JUa) e JaSing Totally stubby area ) Llisais
rip network () a¢iuais BBR Router Jal

*-BBR(config)#interface loopback 2
*.BBR(config-if)#ip address 198.0.2.1 255.255.255.0

*-BBR(config)#interface loopback 3
*-BBR(config-if)#ip address 198.0.3.1 255.255.255.0

*-BBR(config)#router rip
*-BBR(config-router)#network 198.0.2.1
*-BBR(config-router)#network 198.0.3.1

*-BBR(config)#router ospf 1
*-BBR(config-router)#summary-address 198.0.0.0 255.255.252.0

o) Lagidlialy Liad 5 BBR J4 ) 2 loop back interface 43l Liad A8l cilalasy) & -x
Gl 48 gana 03 ) Route summarization Jax: U o3 Rip network

[R2#izh ip route
odes: C — connected,. § — static, I — IGRP. R — RIP. M — mohile, B — BGP
I — EIGRP, EX¥ — EIGRFP external. 0 — OSPF. IA - OSPF inter area
N1 — OS5PF HWSS5A external type 1. HZ2 — OSPF MS5A external type 2
Eli — OS5PF external type 1, E2 — 0SPF external type 2, E - EGP
i—- I8-I8, L1 — IS-I% level-i, L2 - IS-If level-2. ia — IS5-If inter are
#* — gandidate default, U — per—user static route, o — ODR
P - perdiodic downloaded static route

ateway of last resort is not set

172_.30.A_.8-24 iz subnetted,. 1 subnets
172.38.1.08 is divectly connected, SerialB-@
128.1.8._8-24 is subnetted,. 1 subnets
128.1.1.8 is directly connected, Loophackl
0 IA 192.168.1.08-24 [118-128]1 via 172.38.1.1, AA:16:44, Seriald-@
0 EZ2 198.8.0.8-22 [118-28] via 172.38.1.1. BA:81:84,. SerialB- B

dahia ) 2 A8hid) Jysads Y a sl summary Route Jifius R2 O 4&iludl 3y gall b (o 4 -*
Totally stubby area
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*-ABR(config)#router ospf 1
*-ABR(config-router)#area 2 stub no-summary

*-R2(config)#router ospf 1
*.R2(config-router)#area 2 stub no-summary

Al (A 13y area 2 stub Y gﬁl.a ! no-summary Al d3laly Uiad A8l Slalas ) gﬁ -%
route summarization J&i ¥ s external route J:ii ¥ Totally stubby area () Wb s>

summery route § external route u28 ) ai 43) Aaddl) 3 gual) B i -

R2#i=zh ip route
Codes: C — connected, § — static. I — IGRP. R — RIP, M — mobile. B - BGP
D — EIGRP. EX - EIGRP external. 0 — OSPF. IA — OSPF inter area
M1 — OSPF MS5SA external type 1. M2 — OS5PF MS5A external type 2
Eli — 0O5PF external type 1, E2 — OSPF external type 2, E — EGP
i - I§-I8. L1 - IS-I§ level-1. L2 — IS-I8 level-2. ia — IS5-I% inter area
#*# — candidate default. U — per—user static route, o — ODR
P — periodic downloaded static route

Gateway of last resort is 172.38.1.1 to network B.A.B.8

172.30.8.8-24 iz subnetted. 1 subnets
172.30.1.8 is directly connected,. SerialB-@
128_1.8.8-24 iz subnetted,. 1 subnets
C 128.1.1.8 is directly connected,. Loopbackl
0=]A B.8.8.8-8 [1168-65] via 172.30.1.1, BA:88:01, SerialBd- A

i Jexs Totally stubby area sl ¢ Al 5 gl & 5 5 -

Totally Stubby Configuration Example

Autonomous
System

LY
172.16.11

172.17.1.1 172.16.2.1

Routar? (configl® router ospf 10

Routerd (config-router) # netwerk 172.17,.0.0 D.0.25
PouterZ (config-router) # netwerk 172.16.0.0 D.0.25
PouterZ (config-router) #farea 1 stub no-summary
Routar? (config-router) #farea 1 default-cost 5
Routar? (config-router) # | B2 is the praferred ASR

5,255 area 0
5.255 area 1

Rouvtard {configl# rovter aspf 10
Routarid{config-router) # network 172.16.0.0 0,0.255,255 area 1
Routari{config-router) # area 1 stub

Rouvtard {config) # rovter aspf 10

Rouvtard (config-router) # network 172,17,.0.0 0,0.2868 288 area O
Fovterd (sonfig-reuter) # network 172.16.0.0 0.0.255.255 area 1
Fouterd {oonfig-router) farea 1 stub no-summary !
Routaerd {config-router) #farea 1 default-cost 10 &

Jpadlil) o5 4d) (g g Alhaial) (i J303 ABR 4 (e ST 3505 o QB o8 A8yl 3 ) gual) A -
dad & X &ua area 1 default-cost X sl &b e iy ABR Router J4 JS ¢ 48 i
Giaad s dalddia) b o3 9 J2dY) 8 Router ABR 2 13 (IS LalS B cost <ils LalS g cost

. =Y daidl) calia AY) ABR 42 area 1 dihial) ariiod 415 4
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Configuring NSSAs

Not-So-Stubby Areas

RIP Type 7 LSA Type 5 LSA
172.16.20.0/24 172.16.0.0/16

+ NSSA breaks stub area + ABR (RZ) converts LSA type 7
rules. to LSA type 5.

+ ASBR({R1) is allowed in + ABR sends default route into
NSSA. NSSA instead of external

. Special LSA type 7 routes from other ASBRs.
defined, sent by ASBR. + NSSA is an RFC addendum.

ddhia J31a RIP o) IGRP i Jia 4 jUall el 8 4335l NSSA areas £ 5il) 138 48l o %
Jala 353 s« Router s J<ais 325 IGRP or RIP aiiius Router 4 (iisb oo lldy dima
LSA type 5 ¢ lig ABR J4 31 LSA type 7 sdd a s Slgad) 138 old cllly s NSSA 4dhia
ash A LSA type 7 JS& o i AIM (external route) 4dkial) sda Jils W LS ¢ giea

back bone area 0 ) & »&is LSA Type 5 Adall gl<d ) hissl ABR

%2 sk (stub area and Totally stubby area) (w by nssa area dihiall oy jdas %
Jala nssa cisa ¢ ali | external route ¢+ ¥ nssa 4ikisa ) Default route Jwk ABR
O N2 or O N1 (N means NSSA) Js&ll 1 le Routing table

NSSA Configuration

Routernl{config-router)d

arsa arsa-1d nssa [no-redistribution] [default-
information-originate [metric metric-value] [metric-
type type-valus]l] [no-summary]

+ Use this command instead of the area stub command to define
the area as NSSA.

+ The no-summary keyword creates an NSSA totally stubby area;
this is a Cisco proprietary feature.

AdLaly Liad 13 (area area-id nssa) $2 nssa <) 2 galdd) JA‘}“ olé b guall gﬁ GRS ¥
dald wlaley) o3a 5 (NSSA Totally stubby area) () 4dkiall 34 JsaZic no-summary 4l
. 188 Cisco router 53¢2b
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Example: NSSA Configuration

g OSPF
172.16.10.0 Area 0
172.16.11.0
172.17.0.0
1't~""—l'~la.::~ type 5 into the NSSA
0.0.0.0 Default Route
L
Rl: R2:
raltar aspl 10 router oapf 10
redistribute rip subnaets summary-address 172,16.0.0 255.255.0.0
default mektria 150 network 172.17.20.0 0.0.0.255 area 1
natwork 172.17.0.0 0.0,255,.255% area 1 network 172.17.0.0 0.0.255.255 area 0 -
area 1 nssa area 1 nssa default-information-criginate |3

. Packet Tracer gl aladiuly 3 gall o o Aas U (gaadily o ghinu -

area 0 back bone

MNESSA area 1
loop back 1,2,3 102.168.1.2 170.30.1.2
180.180.1.1 i S <o /10 ®Ser/0/0
180.180.2.2 rip wuechngésémw Ser()/0f '&——‘*_"'l -
180.180.3.3 o811 192.168.1.1 2811 172.30.1.1 2811
redistribute rip subnets RIP NSSA A0

defaul-informetion originate
ip route 0.0.0.0 0.0.0.0 nulid
LSA type Jisai saliic A fa o) e addiciiu b ) guall b dipal) CilalasY) g g p 585 O 22
LSA type 5 7
*- show ip ospf database

KA gﬁ show ip route JA\ ?.\'S.La.ha L\'Ag\ 9 @A aLal 3J'g+i A5 u.\ﬁ )A‘i\ 1 e.\i'.ua.ha %
. External route

LSA type i didgarea 1 4dkaial) Jils W y&i 24 LSA type 7 O 4edl) 3 gual) b saliin %

area back 0 4akial) JAa LSA type 5 u.!\ Lelisady Al aaldiug Adlaial) o la dé\é icgian 5
. LSA g5 araa Ji&5 standard area 4ihis W3 dldg bone
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RIP§show ip ospf database

Link ID
180.180
132 .18

Link ID

S5
.

4]

R

172.30.1.0

Link ID
180180
180180
180_180
RIP

1.0
2.0

-3.0

OSEF

Fouter with ID (180.180.32_.3) (Process ID 1)

Router Link States (&rea 1)
ALDWV Router Bge Seqgt Checksum Link count
180.180.3.3 Z3 0x80000007 Ox00feff 2
132 . 1e8.1.2 1327 0x80000003 0x000&fc 2
Summary Met Link States (Rrea 1)
LDV Router REge Segf Checksum

1832 . 1e8.1.2 1358 0x80000001 0x00ced’
Type—-7 A5 External Link 5S5tates (Area 1)
LDW Router Age Seqgt Checksum Tag
180.180.3.3 272 0x80000004 0x00£f=20Z 1
180.180.3.3 272 0x80000005 0Ox00£f20Z 1
180.180.3.3 272 0xB000000& Ox00£f202 1

daldl) ¢l jLatidl) aalis gﬁ NSSA b Lalil) routing table 2 L daaldl) 5 gual) gﬂ -%

O N1 or N2 (-4 Ul LS g NSSA Akaially

Cateway of last resort is 0.0.0.0 to network 0.0.0.0

172.30.0.0/24 is subnetted, 1 subnets
c 172.30.1.0 is directly connected, S5eris=ld/1/0

180.180.0.0/24 is subnetted, 3 subnets
O HZ 180.180.1.0 [110/78B1] wis 1%Z.168.1.1, 00:38:01, Seriel0s0/0
o N2 180.180.2.0 [110/78B1] wia 1%Z.168.1.1, 00:38:01, Seriel0s0/0
o N2 180.180.3.0 [110/781] wia 132.1%68.1.1, 00:38:01, Seri=l0/ 0/0
c 1582 _.168.1.0/24 is directly connected, Seri=ld/0/0
5+ 0.0.0.0/0 is directly connected, HNulld
WNEShE

iS5 OSPF NSSA external type 2 W e external route Juic) sl 450 5 5 Las
ospf Jified Ll dBhiall oda o Juia¥) ol elldy g Rip ol ospf Js 589 alk dald

Link ID

172.30.1.0

Link ID

180.
180.
180.

180.
180.
180.

Link ID

0.0.
0.0.
180.
180.
180.

a.o
0.0

180.
180.
180.

HNS5EE

W ko

Wk

NSSA J4alb 4aldll ospf database 4eddl) 3 ) gl & aaLdie -

Summary Net Link States (Rrea 1)

LDV Router Lge Seqgt Checksum

1532 .188.1.2 171 0x80000002 Ox00feff
Type—-7 A5 External Link S5tates (Area 1)

LDV Router Lge Seqgt Checksum Tag
180.180.3.3 gaa8 0x80000004 0Ox00£20Z 1
180.180.3.3 ga8 0x80000005 0Ox00£f202Z 1
180.180.3.3 =R=E=] O0x8000000& Ox00£=20Z 1
Type—5 A5 Externael Link S5tates

LDWV Router Lge Seqgt Checksum Tag
132 .1e8.1.2 45 0x80000002 Ox00feff 1
1832 _.16e8.1.2 45 0x80000005 0Ox00£803 1
132.1e8.1.2 ga8 0x80000002 0x000=add 1
1832 .188.1.2 =R=E=] 0x80000003 0x00fced 1
1532 .188.1.2 =R=E=] 0x80000004 0Ox00eff3 1

type 5 link states () type 7 as link states J:$a5 ai 43) (5 4 LaS %
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s back bone area 2 25254 325 A0 Sy

oAl ip route daa\al) 5 guall gﬁ KT YA

P 339 gall ailad) £ il aran Jali ALy JS B 3352 gall 3 dahidl) Jia standard area Le-ﬂ Lidds)
il (e 55 ) o Y g (Bl S (a8 3 (il 1) 0SS At 538 Liag allall (8

Gateway of laest resort is 172.30.1.1

172.30.0.0/24 is subnetted,

c 172.30.1.0 is directly connec

180.180.0.0/24 is subnetted, 3 =3
0 Ez 180.180.1.0 [110/781] wia 172
0 EzZ 180.180.2.0 [110/781] wia 172
0 EzZ 180.180.3.0 [110/781] wia 172
O IA 132.165.1.0/24 [110/15&2] wvia 17
O*EZ 0.0.0.0/0 [110/1] wie 1l72.30.1.1
ROg

b i g maaal) LSS ) Lgaale ) & Al g g

Router Link States (Area
Link ID ADW Router Ege
172.30.1.2 172.30.1.2 538
1832 _.1€e8.1.2 1832 _.1€e8.1.2 585
Summary Met Link States
Link ID ADWV Router REge
1832 _.1€8.1.0 182 _.1&e8.1.2 585
Summary ASB Link States
Link ID ADW Router REge
180.180.3.3 1832 _.1€e8.1.2 554
19z2.1e8.1.2 19z2.1e8.1.2 580
Type—-5 AS Extermal Link
Link ID ADW Router Age
180.180.1.0 182 .1e8.1.2 1311
180.180.2.0 182 .1&e8.1.2 1311
180.180.3.0 1832 .1e8.1.2 1311
0.0.0.0 1832 _.1€e8.1.2 473
RO#|

to network 0.0.0.0

1 subnets

ted, Serisl0 070

ubnets

-30.1.1, 00:20:05, Seri=l0/ 0/0

-30.1.1, 00:20:05, Seri=l0/ 070

-30.1.1, 00:20:05, Seri=l0/ 040

2.30.1.1, 00:38:17, Serisl0s0/0
00:36:14, Seri=ld/s0/0

Jsda external route Jied Wi ¥ 5 4 ¥
Jgal) 13 4aldl) database 4w\l 5 guall

oy

Checksum Link count
0x00feff
O0x00feff

Segt
0x20000003
0x20000004

R k2

(BArea 0)
Segf
0x800000132

Checksum
0x00deld

(Rrea 0)
Segt
0x20000015
0x8000001&

Checksum
0x00ecTl
0x00e00f

States
Segt
0x20000002
0x20000003
0x20000004
0x20000002

Checksum
0x000=2dd
0x00£fced
0x00e££3
O0x00feff

Tag

o e

1

LSA type £ ¢ diluy ) ) 2529 ¥ 9 guawa JS& type 5 external route Jaiied WSl ¢ i -*

Ll e LgdBhaia J313 external route sl p i

i NSSA 4ahaiall £ 4 ¢y gllaall g8 138 7

W o Aidial) Lgh s pea ) Ledisas Slead) 138 agh A ABR S (M) i s Type 7 LSA
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Configuring OSPF
Authentication

3gaY) ol Lo s dalS 5k o ellh g U jeal Aulany a8 (i &) Adpdiay alaiias Gl 130 B
OPSF JS 5553 Ja2 dadidicaal) pual) cilalS (g il i cllin -

Qo el AalS Jlu by o sh Al Alaal) £ 551 (e £55 6) 49 2332 Y £ 530 138 9 ; clear password -1
send 4ldicall g4l ol packet J) ) sniffing Jars Lad 13) jeud) AalS CELEIS) Jguan g sl
receive packet

& (Say ¥ g MIDS 48y ok Jidia (5% £ 5l 138 5 : Meessage Digest 5 (MD5) password -2
A ) dals

i g a gl AN cldlae ) Sl (0 OSPF JsS 59 b ) AalSy Lalild) culalae ) auag ¢ -
Router J¢ ki ?Jm L,S:m interface <alae) Gl Lgauia gy ?JE Sllasy) FXTY u\ ?h.l )

4.l pa g LiiSay g serial interface s& bl B 4asiicd s interface (» %99 5 A1 Jga
LA oM gkl 0da e JS (s i g ospf area <ldlas) Jala )

OSPF Authentication Types

« OSPF supports 2 types of authentication:
— Simple password (or plain text) authentication
— MDS5 authentication

* Router generates and checks every OSPF packet. Router
authenticates the source of each routing update packet that it
receives.

+ Configure a “key” (password); each participating neighbor
must have same key configured.

LSAu <i\S ¢) s LSA ¢85 ¢ £ 58 ) ¢ send / receive packet Juial 9 Juu ) ic -*

JS 2 ¢S5 authenticate 4lers a 58 ospf JsS 5892 O packet J) ¢ £ 5 ) LSADB
authentication mode aiiui (S5 al L) Gupa elld g 48 jhal) 028 ospf pddie al Ailud) ALiaY)
Gl g1 Jlgal) b s dalS aladiiady Liad 1) (Sl g password key pidied ol WY dlld g

AalS) (U o AalS Lgy 3 gy Aliieaal) Al O ¢pa 28Ul A 1) sy 0 gBs packet

028 2 o sham i Lagla L (A 029 13) (81 gy M) ) A8 e (i g g 4l B g gl
L Al odgd Drop = Al oda
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Configuring Simple Password Authentication

clear password g sk (s -*

Configuring OSPF Simple Password

Authentication

Router (config-1£)#

|ip oppf authentication-key password

+ Assigns a password to be used with neighboring routers

Router (config-1£) #

|ip oppf authentication [message-digest | null]

+ Specifies the authentication type for an interface
(since Cisco 10S software 12.0)

Router (confilg-router)#

|area area-id authentication [mesmsage-digeat]

+ Specifies the authentication type for an area (was in Cisco
I0S software before 12.0)

9 clear password 2 0alAl) Ja¥) o) ALl 3 jgual) B 55 -
*- Ip ospf authentication-key password

message-digest 4alS Jia 41 ALa) o) (il 5 AT L) ¢ g daddinda g1 jaY) ga 138 g%
MDS5 ¢ 5i ) 4 gai

4adag aly gl interface <l 4z g s ¢ Lal ja¥) 138 Lagad audai () (S (pilsa 23 g3 4d) (5 i -*
Grlaly &) o A il Gda G JUAS ) G W) alal () quag 83 ospf configuration Jaa
o) Al g (lSa g puddidl) (B daddioeal) Ay hal) g ) dalS (0 JS A Router 53¢ JS

JS uadi area configuration J31 ywl) dalS g gy daldl) oY) o) Cisco 4S8 J gl LS %
12,0 ) (e o) s Galdl) TOS (A 53y

Example Simple Password Authentication

Configuration

Area 0 Loopback 0

Loopback 0 10.2.2.2

10.1.1.1 S0/0/1
192.168.1.101 ~ 192.168.1.102
S0/0/1

y.

<gputput omittad>
interface Loopback(
ip address 10.1.1.1, 255.255,255.0

<gutpat omitted>

interface Serialld/0/1
ip address 132 _168.1.101 255 255_255. 3224
ip ocepf authantication
ip capf authetication-key plainpas

<output amitteds

router asspf 10

log-adjacency-changeas

network 10.1.1.1 0.0.0.0 area O
network 192 168 . 1.0 0,0,0,255 araa O

Tl ooa
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Falig aladiady AGL) 3 guall A 33 ga gall Jia Gkl oda o lae Ui Guadaliy o glic -
. Packet tracer

R1 J4a 2 dalld) clalaey) gl gs oY o ghinu -
*.R1(config)#interface serial 0/0/0
*-R1(config-if)#ip address 192.168.1.101 255.255.255.0
*.R1(config-if)#clock rate 9600
*-R1(config-if)#no shutdown
*-R1(config-if)#ip ospf authentication
*-R1(config-if)#ip ospf authentication-key melshare

*-R1(config)#interface loopback 1
*-R1(config-if)#ip address 10.1.1.1 255.255.255.0

*-R1(config)#router ospf 1
*-R1(config-router)#network 192.168.1.0 0.0.0.255 area 0
*.R1(config-router)#network 10.1.1.0 0.0.0.255 area 0

R2 (2 daldl) cilalacy) pua gn () ghiea -
*-R2(config)#interface serial 0/0/0
*.R2(config-if)#ip address 192.168.1.102 255.255.255.0
*-R2(config-if)#clock rate 9600
*.R2(config-if)#no shutdown
*-R2(config-if)#ip ospf authentication
*-R2(config-if)#ip ospf authentication-key melshare

*-R2(config)#interface loopback 1
*-R2(config-if)#ip address 10.2.2.2 255.255.255.0

*-R2(config)#router ospf 1
*.R2(config-router)#network 192.168.1.0 0.0.0.255 area 0
*-R2(config-router)#network 10.2.2.0 0.0.0.255 area 0

cilalas) i o) Jd Sl R2 A R1 e ¢ show ip ospf neighbor sl b G ¢ qaaf -
authentication (Ui a3e quan dld g ol padl gl ¥ 43 aaiu authentication

Fateway of last resort is not set

10.0.0.0/24 i3 subnetted, 1 subnets

i 10.1.1.0 is directly connected, Loopbackl
i 1532 .1e8.1.0,/24 is directly connected, Seri=l0 0,0
R1l§

00:19:31: OSPF: Fcw pkt from 15%2.168.1.102, Seri=ll s0/0 : Mismetch Buthenticati
on type. Input packet specified type 0, we use type 1
00:16:41: OSPF: Fcw pkt from 15%2.168.1.102, Seri=lld s0/0 : Mismetch Buthenticati
on type. Input packet specified type 0, we use type ﬂ

R1#debug ip ospf events 2ol Aagiioda
R2 o) Lail Js&iy Authenticationalai 8 (3l ate 3o gy 43) Jo&0 il Alba ) 2 g9 41 549
.1 g sl addidd Gad g () g sl addien
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authentication aUai 3 52 ¥ 431 0 £ &) A Y € 1 £ 531 98 Lag 0 g5 98 La -
authentication aUii 2 g3 43) 238 1 ¢ gil) L)

R2 & daaia cliaey) adl g (gl e authentication Ji (e 5 Adilaay Y a il -

00:25:31: O5PF: Bcocv hello from 10.2.2.2 area 0 from Seris=l0/0/0 1%2_.168.1_.102
00:25:31: O5PF: End of hello processing
00:25:41: OS5PF: Bcocv hello from 10.2.2.2 area 0 from Seri=l0/0,/0 132_.1&8.1.102
00:25:41: OS5PF: End of hello processing

A Ayl o Qi) 9 Ju Y1 g Aaganal) il (N1 g5 i -

Configuring MDS Authentication

A o 9By Ad) s Laladiu) SV g Ulal JiSY) 98 s MDS (U £ i) () JURING O o ghias -
. hashing 4l 3 Llan g ospf JsSsigun (2 Aalddl jud) dals

Configuring OSPF MDS5 Authentication

Router (config-1£)#

ip ospf mespage-digest-key key-id mdb kesy

+ Assigns a key ID and key to be used with neighboring routers

Router (config-1£) 4

ip ospf authentication [mespage-digest | null]

+ Specifies the authentication type for an interface
(since Cisco 10S software 12.0)

Router (conflg-router) #

area area-id authentication [message-digest]

+ Specifies the authentication type for an area (was in Cisco
IOS software hefore 12.0)

Crn S gl g liSay Ad) A clear text o5 cAlidy 4ty ya¥) AUS 48 ke AL B ) guall B (g 45 ¥
Ol e key-id (e 3 0580 a9 pual) Aals il e ) J g pudal () (Say Sied Key-id
. 4 Jia Interface
*.R2(config)#interface serial 0/0/0
*-R2(config-if)#ip address 192.168.1.102 255.255.255.0
*-R2(config-if)#ip ospf authentication message-digest
*- R2(config-if)#ip ospf message-digest-key 1 mdS melshare
*. R2(config-if)#ip ospf message-digest-key 2 md5 ccnp

o‘fi e‘gﬁu fu,\ﬁ ™ ialS melshare ) dalg O imdiaa , cilalae ) o« R1 é.al.hﬂ Qi Qg -

La.\.b;\.‘Sﬁu&Jﬁgﬁ&:\g\gccnpﬁgh%ﬁéhbyugﬂ\ﬂ\us?&ijaj@\u&&C)Al.g.é:u,i
gl ) dalS Caday a gk
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Gadail 5 A) A8y jha adldl) el B addicdie Uil g MIDS cilalas | 48y o LS o gdls oY -
area Ji <) ' authentication Jx>ius MDS5
0SPF J 58 559 (2 N Y) Jgual (a9 b daad) 5 Adgus oY) AUS ARy pha

*.R2(config)#interface serial 0/0/0
*-R2(config-if)#ip ospf authentication message-digest
*. R2(config-if)#ip ospf message-digest-key 1 mdS melshare

Ladal) ) ghand) Ciday a 685 O s W gl 819 AN Calalas ) Gadaly o gl (abead) JUal) (udi o -*
R1 and R2 ¢ JS Ao ¢

*-R2(config-if)#no ip ospf authentication message-digest
*-R2(config-if)#no ip ospf message-digest-key 1 md5 melshare

*.R1(config-if)#no ip ospf authentication
*-R1(config-if)#no ip ospf authentication-key melshare

debug Jibu, Rldd A Yol R2 Ao clalacy) g a glia, Baad) cilalacy) auda gl J&G oY -*
R1 o sghiin A

*-R2(config)#router ospf 1
*-R2(config-router)#area () authentication message-digest

Rifping 10.2.2_3

Tyvpe escape sequence to ebort.
Sending 5, 100-byte ICMF Echos to 10.2.2.2, timeout is Z seconds:

01:03:44: O5PF: Rev pkt from 15%2_165.1.10Z, Serields/0/0 : Mismatch Zuthenticati
on type. Input packet specified type 2, we use type 0
[Buccess rate is 0 percent [0/75]

R1g
01:-03:54: O5PF: Rcv pkt from 192_.168.1.102, Seriel0/0/0 : Mismetch Buthenticati
on type. Input packet specified type 2, we use type 0

192.168.1.102 {4 Jibua ) Juiiea) (8 (ol a5 A5) ppdail) Al UL g5 A8yl 3 guall B -
. cilida authentication ali o) A
s AN el oY) e JS aladiiad dlided Jila ) o8 BaaLda i i 1) *
*-R1#debug ip ospf events
*.R1#debug ip ospf adj
Troubleshooting 2 “aldll ja) ) & o389 -
Giaay Le L&I 5 R o i) (udl auda gy a gila (T -*

*-R1(config)#router ospf 1
*-R1(config-router)#area () authentication message-digest
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01:11:14: OS5PF: Send with youngest Eey 0

01:11:15: OS5PF: Recwv hello from 10.2_.Z2.2 area 0 from Seri=ld/ 0/0 15Z_1&68.1.102
01:11:15: OSPF: End of hello processing

Blgping 10.2.2_3Z]

Type escape seguence to abort.
Sending 5, 100-byte ICMP Echos to 10.2.2.2, timecut is 2 seconds:
111

01:11:24: OS5PF: Send with youngest Eey 0O
01:11:25: OS5PF: Rcwv hello from 10.2.Z2.Z2 area 0 from Seri=ld 0,/0 152_168.1.102
01:11:25: OS5PF: End of hello processing. !

|[Success rate is B0 percent (4/5), round-trip minfavg/max = 31/31/32 ms

R1g|
Gasllaal) g 138 g Loy o5 Juai¥ o (N1 5 5 -

< Jpaal) o SN 4g J S g9l 138 o el O aa g OSPF JsSsisn (e L) db) daay o
e o o L (e 350 YT ) A g L o ) ol 5 ) Sl 5 21l om S e 9
oo ) il AT JgS 55 ol DR 4 e 3 401 Al plgT
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The IS-IS Protocol

s (o) Sl g 5 IS-TS JS g Al 13 (B s 1 pan l an ) ) ey -

o 4aladind oy SHIS-TS JsS 559 ol a3, Intermediate System-to-System Protocol
O JSsigual) 138 sLi) alg | ISP i AN dadd (0 550 J8 (e dalaliia) oy (81 9 8 psl) il
hib (asia JsSsig ) 138 g (ISO) International Organization for Standardization J#
wJJJa.GwC)ALg:Mugﬂ\ Cla pleall o (a9 Routers 3)@.&\‘_’.‘9 M\.\i’.u.u\?ﬁggﬁ

13 L&) a3 81 TCP/IP & <ilida jp addressing 4 JsSsis o 13 ¢f CBT nuggets

Lgie A TCP/IP (e S Aaladiad oy &) g sidall (e (S 9 TCP/IP S 55503 S J 98 589 ad)

. Aalaiian) A ggu Ao Gyl g ) J oS 58 gl 10 o G il ) L (), <l A

(VLSM) variable length subnet s Jalail) ol 43 IS-IS JsS g0 & jpan (a -
paiiey ISy Link state 1o sl g3 pa¥) g AU JsS5igal g2 IS-IS JsSsis , masking
. (SPF) short path first 4&_k

(IS-IS) Intermediate System-to-System . Router J44= s intermediate system -*
Protocol

Uses for IS-IS Routing

Large ISPs
+ Stable protocol

+ Originally deployed by ISPs because U.S. government
mandated Internet support of 0S| and IP

OS5 Al (3 k) il Ao o g il o 68 g5 950 138 808 98 TS-IS JsS 5890 &l jpan (o %
ISP i i) Aadd o 590 JB (e Aaddiiceall (gAY Y oS g g sl (o Y a gal) Aaladiid) (i sidall (e
Ol e ) Ao OSPF JsS s g JLail g J g8 58 g el 13gs ALalS 4y 53 agaal () cppiial) A8 ol

9 JsS gl 138 aladind (b Cdill) 5 AS (< g OSPF J S 589 0 S AdLid) a3 IS-IS JsS s
IS-IS JsS g0 JLaE (e ST OSPF JsS 859 il J 8 55 9 ) 13 Aalsl) agihy) g

IS4S Routing

+ |S = router.

+ 18-S was originally designed as the IGP for the
Connectionless Metwork Service (CLMNS), part of the OSI
protocol suite.

+ The 0S| protocol suite layer 3 protocol is the Connectionless
MNetwork Protocol (CLNP).

+ 1818 uses CLNS addresses to identify routers and build
the LSDB.
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by o Jassgl Jlgad) ga A all 43l el g intermediate system A IS dalS jLaid)
. k88 Router jlgas Ua malyg laguany 2 (iS04

44 4k 3 (CLNS) Connectionless Network Service (< ysw IS-IS JsS 59 addiay -*
sLii) 85 Router J4 (s il oy g8y )k oo 5 ip addressing 4 sinl)

(IGP) interior gateway $ IS-IS JsSsign o Ay Link state Database (LSDB)
Routing (2 aadies JsS 5552 4Y dliy | protocol

ip addressing 45l & i3y OSI model ¢+ Layer 3 protocol aiics IS-IS JsSsign -*

Network Establizhes, maintains, and terminates network connections.
(3 Armong other funclions, standands define how data nouting
and relaying are handied,

daladin) aly A andieal) J9S 559l 92, Connectionless Network Protocol (CLNP) -*
Lasd ¢f (ray, Agial) 4ask pdi5 A (CLNS) 4esd o 530 (58559000 92 9 lilad) Jalg i B
. CLNP JsS5is e Wgles (2 aaliad CLNS 4 gind

IS-IS Features

+ Link-state routing protocol
+ Supports VLSM
+ Uses Dijkstra's SPF algorithm; has fast convergence

+ Uses hellos to establish adjacencies and LSPs to exchange
link-state information

+ Efficient use of bandwidth, memory, and processor
+ Supports two routing levels:

— Level 1: Builds common topology of system |Ds in local
area and routes within area using lowest cost path.

— Level 2;: Exchanges prefix information
{area addresses) between areas. Routes traffic to area
using lowest-cost path.

Routing ‘4 2 dynamic link-state s iy 3 S J g8 5595400 8 IS-IS JsSsign -*
IS-IS allows the routing , (#hlia ) A& adi o aainy OSPF Jie 2 IS-IS JsS s -*
. domain to be partitioned into areas

LSDB Jaki sl (S 5 4l s o < il 8 Hello packet Aua IS-IS J 58 5591 addiey -
i JAl link-state packets (LSPs) plaiiu) oy | link-state information (&b ¢s dldg

. LSDB Ja oy (<! dihial)

Jadds Routers 53¢} a i lguans 2o Routers 3¢ s LSDB Jabtiy cjlad o of 2y

5 @bl A e JVA (e gk Juadl LA a3y g (Dijkstra’s SPF algorithm) — SPF 4l 53

. LSDB Jala 5393 gall &l jlsall
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level 1 and level 2 (Lsiwa ) AS autonomous system asdis IS-IS JsS 539 0 a sk -*

el 8 3352 54!l Routers 3¢ o &al Al Routing 4ales g2 5 Js¥) s siwal) : Level 1 -*
i gl 3 ES (end system-pc) 3¢ e < ailly (s giaall 138 A 53 9o gall 3 3¢aY) a5, ddhial)
JS, Lagda JS ) Jsasll Routing table sl as&i &l 30 25| (ISs) i Routers 3¢ e
4l | same area address 4dkial) ad; (udi 3 Jg¥) (5 gimal) 8 3352 94! Routers 53¢

st oanadall ¢l JaN Gl Gk o8 o Aihial) (udi 4 B2 g2 gall 3 3¢2Y) 0 Routing

A g System ID Giob (8 agih e aly g Ahial) (i 3 3392 5al) 3 3620 Routing table

. Lowest cost 4a J8l 41 53} 3 al)

3l Lo Cilaill a gl (5 giuall 138 8 339 gal) Routers 3¢l JS (A (s sival) : Level 2 -*
Routing table sy sz asii o Js¥) (s siwal) b (985 Al g Lgiblaia udi B 5353 sall Routers
Ghlia b o sSi Al g AN (5 gial) B 352 5all Routers 3¢ o Ciaill a gy ol | ags sl
Routing 4slexs a i <1 (48kial o)) gic) area address destination aladiul agfial, s Al
. lowest cost path 4e):33uY (b dad JBI JLSAL gl

S48 Link-State Operation

_ - Area
G
AN
w ! .ﬂzﬁ 1 : \
ll g,

Routers are identified as Level 1, Level 2, or Level 1-2:
+ Level 1 routers use LSPs to build topology for local area.

+ Level 2 routers use LSPs to build topology between
different areas.

+ Level 1-2 routers act as border routers between Level 1 and
Level 2 routing domains.

. a2 Routing 4iles a3 <€) 6 3 A Routers 53¢ IS-IS JsSsig 0 asi -*

Lgihia (pudi (B 3392 gall Paths ) bual) alal 685 J §¥) s fisall (4 Router 53¢ : Level 1
. (intra-area) aali)al) ddhaial) o pd Alaial) ddhaial) s o A ddhia o) 0 (o ?li:l Y g ladd

o) Wpdany g (alaliall G (A Gl laal) alaiy o685 ALY (5 giwal) (0 Routers 3¢ : Level 2 -*
. (backbone Routers) , (inter-area) ki

) i jlesal) JS alaiy o685 AEN 9 J oY) lgiaall b 0685 Al Routers 3¢ : Level 1-2 -*
Learn all paths between (inter-area) and (intra-area) 4:la/al ghiiall o c.eh‘-vﬁ‘ O
. OSPF JsS5i9 2 dasdicall ABR () dagbaa 3 3gaY 028

o A 85¢2Y) 5 Level 2 routers &3 s sivuall (& Routers 83¢1 ¢ b i (A & jlsal) -*
Backbone ( <~ Level 1-2 Routers Gl 5 Jg¥) b gial)
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Integrated (or Dual) IS-IS Routing

+ Integrated 1SS is I1S-IS for multiple protocols:
— For IP, CLNS, or both

+ Uses its own PDUs to transport IP routing information;
updates not sent in IP packets

+ Requires CLNS addresses, even if only routing for IP

dalide &Y S ¢ g 2 pladinly Routing dulers o g o by 431 IS-IS JsS 5o <l jpan (o ¥

ol & A (ip addressing) Routers 3¢ 4isic 8 CLNS 4asd asiiy IS-IS JsSsign olé
JsSsisn 9 (ip addressing) 3 3¢a¥) Lgie A TCP/IP JsSsign pdiud PC sigasasll 3 jgal
 Aagal) 03¢y a g8 Acesadi 25 43 agin Routing Aalens a sy o) A g JS3 adaiions IS-IS

O @ililby W aay s CLNP (2 4ol Route (& tag 4ede g IS-IS JsSsign ashy -*
4alee Jia agin Routing 4sles a3 S gy 4ol sub net mask 9 4480 ol Ip address
JSS OSPF 029 43w Routing 4alers a & o IS-IS J S 590 gabivw iy g, Encapsulating
CLNS routing s ip routing 4:lax; a s O IS-IS J S si gabien , A ggns

s25 Routers 8o G i) JAl 4y all ¢S g g IS-IS JgS g n pddiey -

il Routers 3¢ G clbal) 8308 g cilipaatl) Jib a gk 92 9 protocol data units (PDUs)
frames () Ul asdil data link layer — IS-IS JsS 559 addiey | ip address Jib a iy 4)
sl

Integrated IS4S Design Principles

= IP and CLMP addresses = 'E‘:ummarization:

must be planned. — Limits update traffic
- Use two-level hierarchy _ Minimizes router
for scalability: memory and CPU usage

— Limits LSP flooding

— Provides opportunity
for summariz ation

IP addressing (» 0 55 iy p siiu L) alad Of g IS-IS S 550 padiesd Ladis -
529254l interface i i 8 4addiuiu A 519, ki Routers 53¢l il 4 Aaiiciu g gi
Ldaa) el 5 AT Router S Jie Ao i) clSudd) Ly Juasa 058 Al s Routers

. Network
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Adudia jp address 4e saxe JLid) W Ay s jp addressing 45 siad) Aad (i o) quag -
. route summarization Je& (s (Sali s
cpu 4 possessing “liles aaa (e J& Route summarization 4xles ) i i LasS -*

. router 4 15> gall
Issues with Integrated I1S-IS
— — —
- - P
o Interface = Interface =
Metric 10 Metric 10

Path Metric: 10 + 10 = 20

+ Default narrow metrics are limited to 6-hit interface and
10-bit path metric

—In Cisco 108 Software Relase 12,0, wide metrics allow 24-
bit interface and 32-bit path metric.

+ Cisco 108 software has default metric of 10 on all interfaces.

¢85 Router (= 3352540 interfaces Js 4= 10 dagdy metric p3iiu IS-IS JySgign -*
Cgra Sa dad o) A 63 o2 metric J (o Aad ol g, 4 9a 4By ey el o2n S (e

End System-to-Intermediate System

es es o :
TN
41 |1' ES-IS | [sH

iIsH | 4 --lr

11H

ES-IS forms adjacencies between ESs and routers (I1Ss).
— IP end-systems do not use ES-IS.

ESs transmit ESHs to announce their presence to |Ss.

ISs transmit |SHs to announce their presence to ESs.

ISs transmit |IHs to other ISs.

J$S 5890 addiew : The End System-to-Intermediate System (ES-IS) protocol -*
= 15225 O (ES) Asasd g 5 Router (IS) S gams (81 pasada J58 5352 IS-IS
AL Ao il gaadl) gl J oS g gl 18 ann s (ES-IS) JsSsiosn 529 o) aguians

. A dalll)
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Jsiwall & ES-IS , end system ) (ES) =2 OSI model J3)2 (hosts) s gxas) 8 gl i
. Router (IS) 8342 e (ES) sszashl 8¢ a JS i (2

: 40U algall ES-IS ashy -*

Sgasl 33¢a) V) (area-prefix) Adkiall sl ciy 2l a g8 -1
Routers 3¢ 1o 5 saas!) 8 gl G iy a g8y -2

Al Laldl) el Jlowal) G g o 5 -3

waall ip address (Y End System Hellos (ESHs) 4w Jiu sl ES i sasasl) 3 g o 53 -
! Router 3¢} aaiii g, Routers (ISs) 33421 1) ad3sa9 ¢& ) sales S Routers 3¢ o

<lagla Jual Routers 3¢l pgiiy ) A4 o 3asa gall 33ga¥) o Ul S (ESHS) Ay

. (LSP) il J313 A0 (8 Lggal 33 g 5all 33g2Y) 0o

3342l ) Intermediate System Hellos (ISHs) 4wy Jua b Routers 3¢ a gl ol -
ISHs Jibwy () ESs 8¢ gaiad , Waga g o8 cial (S ASA0 Lgaal Baga sall ES i gasasl)
Gaaty o) BS Jlga v Ladie | (<liball) Al Jibu ) S Jua by o 585 81 TSs W45 Ayl gdie 48y jhay g
ALl e 350 5« Router g U ) by 5 A cilibal) J s gy 438 AT ES Jlga

. A dalil)

s diail) B s ais S hello (ITHSs) Jibwy Jobs A IS-IS JsS i Routers gl asdiad %
« el Ly aa el i) g Lgulany
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Four OSI Routing Levels

Anothor Lawal 3 rauting botwesan

; Level Z routing
IS-IS separate domains between different
domain areas within the
same domain
. ¥ .
1S 15
Area1 Area 2
IS
Level 1 routing
between IS8 within
the same area

Le'uel 0 routin ;

g between ESs anngSG Q’ :
on the same subnet ,\' :

e

: A glsil Al Y Routing 4les IS-IS JsS 55 pmidy -

o8 iy AIS @il ES hiis Lsic Routing (ES-IS) 4les Jsf 543 : Level 0 Routing
. ISH packets Jiw () glain¥) 3 )b

el IS jlea ashs area ddhial) udi A (uaga 9 ES IS JS: IS-IS Level 1 Routing
a Juabl JLdly o g8y a3 A3l Xiw AN destination Ji 48 sl ES W (e Wealind 3N packet
W sl Alhatal) (udi A A3l Ju i ) GlSal) (1S 1) packet JI 4l Ju s Cigw Best path
PR e dile i il 259 ES (2 0al)) ip address 43 ma oo i 3 jall Slgal) ) e L IS

. ESHs Jibw ) glainy)

o3 Jlubs level 1 IS esm s A dBhaia ) 4ga 9a AVl €ils 1Y) ; IS-IS Level 2 Routing
Level 2 IS () Wu b agis a3 ) Level 2 Routing oo 4laadl 038, Level 1-2 IS 4 At
4 pa iy sk oo clliy, 0a) jall Akl A Level 1-2 () Jui o () LA s Al ) Jasi g

. Adhially (aldll System ID

s~ deferent domains MM-“ (@hliall ¢ Routing 4ies : Level 3 Routing
L Adlisal AS Aakiil c Jilu gl g el 2y 4lasd) 038 9, Level 3 Routing
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Comparing IS-IS to OSPF

 Lgdany 4gLaS Al Bl g agole COSUAY) Jalii (i 4 jal) 038 OSPF § IS-IS O 4 8a -

Similarities Between |S-1S and OSPF

+ Integrated 15-15 and OSPF are both open standard link-state
protocols with the following similar features:

— Link-state representation, aging timers, and LSDB
synchronization

— SPF algorithms
— Update, decision, and flooding processes
— VLEM support

+ Scalability of link-state protocols has been proven
{used in ISP backbones).

+ They both converge quickly after changes.

R i) Jalhi g AR gl g O (o ST Y 98 g pal) 038 Gy S 2 gy ¥

Link-state s | g2 Lagd -1

VLSM 4uald | gasyy -2

LSDB (4l 5 4ldliy , Jibu ) dadlua 4 (4l o) cgl) 9 LSA Jbauy sl b (sl -3
Gl Jball Juadi o) B SPF il g doles ) gariiiny -4

ISP i i) dadd (0 594 J8 (1 ) gadiicn g pun gil) ciplas 93 ) ClSpdl) (A ) gadiiy -5
8BS A A JaNa i) cilgale ) e g o) sk -6

Integrated I1S-IS vs. OSPF: Area Design
SPF Areas 2
Q
Y o R
- g > o
-ABR ; al

8]
Area 0
- 1
“— = .

OSPF is based on a central backbone with all other
areas attached to it.

+ |n OSPF the border is inside routers (ABRs).
+ Each link belongs to one area.
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e i g ABlaially (ghiall JS Jua i Of o (3hlial) psualls (2 OSPF Js8 5390 plasiady -
33¢aY) o2a le Route summarization 4xlexs a & i g ABR 5 3¢ 3k

Integrated 1S4S vs. OSPF: Area Design

I5-1S Areas

In I1S-IS the area borders lie onlinks
+ Each 1S-18 router belongs to exactly one area
+ |S-1S is more flexible when extending the backbone.

Giob 8 gl (Sayg Jadd Baa) g dbhia ) il Router (IS) JS o8 IS-IS JsSsign b -*
duasi Bk oo o Level 1-2 IS Ganl Wudany ga AU 9 ¥ (5 giasall (1 IS 3380 Jaua g5 L
ST gl pobaiod g Level 2 IS kasd AU (s siwall (0 IS 33420 IS level 1-2 3¢
A aaa A

Advantages of Integrated I1S-I1S

Summary LSA
||=
|| External LSA

IS-1S Arcaa

+ Supports CLNP and IP
* More extensible through TLY design

8352 94 Wil 9 5 iua OSPF JsS 502 5 IS-IS JsS s O B8 -*

Ju s 09388 TS-IS JsS 59 s Ll . 888 (819 8 s alaals LSAs Ji st OSPF JsS 5 1 sl -
.LSP BJA‘JMLMJ‘;&")SL’S-\A‘JMJLG-‘SQ‘)#‘

. CLNS aUii aadiey JS-IS 819 IP address adai OSPF JsS s s addiey -

Router » 02l CPU (A aladiu) J8 IS-IS JsSsig s -

113




U ggus JS TPV 6 piiess O IS-IS J 585590 poabaiions -

Summary of Differences between OSPF and Integrated I1S-1S

The table summarizes the differences between O3PF and Integrated I5-I3.

OSPF Integrated IS 45

Area barder inside routers (ABRS) Area border on links

Each link in only one area Each router in only one area

hore complex to extend backbone Simple extension of backhaone

Mary small L5As sent Fewer LSPs sent

Funs ontop of IP Funs on top of data link layer

Requires IP addresses Requires IP and CLNS addresses

Default metric is scaled by interface bandwidth Default metric is 10 for all interfaces

Mot easy to extend Easy to support new protocols with new TLY tuples
Equiprment, persannel, and information more Equipment, persannel, and infarmation not as
readily available easily available

gl Cpdl) i) B JASY M3 TS-IS JsSsiss &8 OSPF JsS s JUAS o)) cilwsal) Juadli -
JsS g o8 LA LaS aay (S1 98 S A 4l J g8 55 9 138 9 OSPF JsS i o8 Adals &) 0
Ghliall ¢ W € g standard area-stub area Jie 35S (3hlall asuds o gluf addiy 48 OSPF
U g (o i aiien g IS-IS JsS 5890 o Cufilala (g pa g3 ¥ Ad) (g e LS g Lgle L8 A

L S s al) 138 claas
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Performing IS-1IS Routing
Operations

Lgiad) 2 QA £ 5ad) 925 IS-IS J S Ao Ciadll (B 6 5a pal 92 6 5ad) 14 -
s34l jal U Packet JS4 g iy IS-IS JsSsiss (2 0ol ip addressing

A4y pald aUa A gial) B asiiny TS-IS JuSsiasn of Al ali ) 5 1 a ol Gas ) bl ey -
daadl) o3a axdivy S aana alall) 13 it iy | (CLNS) connectionless network service
254 ¥ Routing 4les A 4asiiviu 51 Router (IS) J4a oS 13 g, AT JeSsign )
CLNS piiiay oof g 438 jp address ) k8 ¥ Routing 4slex

192.168.1.1 Jia TCP/IP Js8 55 Malti Ud a8 jp addressing 4als 1 Lavie i (A gala)
49.0001.0000.0¢12.3456.00 52 Jshau dauday 32y i jriau L ) 4 glad) JS G 1 A 30 (5 i LI
o dde alCULe JALT e dlldg,

Router 4 <im axiicall o)) siadl (b Router Jya Lisie 8 CLNS JsSsign atdind Ladis
. Router (IS) J4> /& 25254 interface JS () O sis gl agli Y g 4l

(st ool Aglaadl 038 (8 Router J42 (o) 0153 s CLNS JsS s pshy Ladie %

IS-IS JsSsis 2 ip addressing as 52 132 5, (NSAPs) network service access points
O 0.0.0.0 OCT 4esdl 5 32 IS5 51521 4 ) auda ip address ¢} WS, NSAP = TCP/IP
s15a0 5 ) auia NSAP

Ol 13 G Jsl sa 00 o) sind) B LAY 5 5l 8 9 NSAP SELECTOR s : NSEL -*
Router J4 pala

20 byte () ada 52 s hexadecimal (= < siSe NSAP -*
Ligial) g NET 5 NSAP 58 L i (s3iien £ 520 138 B acdlla 5 )8 il juiig (3163

IS-IS Jss s 2 CLNS
NSAP Addresses

OSI| Addresses

+ OSI network layer addressing is implemented with NSAP
addresses.

« An NSAP address identifies a system in the OSI network; an
address represents an entire node, not an interface.

« Various NSAP formats are used in various systems,
because different protocols may use different
representations of NSAP.

+ NSAP addresses are a maximum of 20 bytes:
— Higher-order bits identify the interarea structure.
— Lower-order bits identify systems within area.
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4 ginl) dagas aghy ) JeS 539,540 92 138 : CLNS - connectionless network service -*
AU Ua Calidy g NSAP address (s oo 4agall 038 Router (IS) Jy 4 giny a sl Ladic 4

JS N ip address g a i Uild 5 AY) ALalaiY) 8 galall TP address aldi oo Ua 4 gial)

s Lidd as) g ol gie o) NSAP e IS-IS JsSsisn o oSl Router J4 (s 25254 Interface
. A4l ¢ JS iy 2% 2 68 NSAP 132 5 Router J4

Typical NSAP Address Structure

The simplest NSAP format used by most companies
running IS-IS as their IGP is as follows:

+ Area address (must be at least 1 byte)
— AFl set to 49

+ Locally administered; thus, you can assign your own
addresses.

— ArealD
* The octets of the area address after the AFI.
+ System ID
— Cisco routers require a 6-byte system ID.
+ NSEL
— Always set to 0 for a router.

NSAP aladiuly IS-IS JS g9 A 4 giad) -

o 0AA AU £ 32 9 Area address ddkidl ¢l gie 2 gald ¢ a #1320 3 A ) siad) andy -
O 13 Jlgad) .85 5 NSEL (2 0als &l ¢ 52 5 Router (IS) J4 o'sis System id
. Al > 9 Router

A Clhacal) o3 g Clrans &) Ja) LD 038 iy g3 &g £ Jal 3 ) ada NSAP ¢ Lisle UlB
S initial domain identifier (IDI) s The authority and format identifier (AFI)
initial domain part (IDP)

o A8l e gl s gall 4G gially (aldd) £ ) (168 o i la Ao G aig -
Gy dadiieadu 2l NSAP o) 500 138 (8 agall 52 138 9 49 28 3 (saw ¢f Private ip address
AFT (2 (pams 5320 138 9 49 a8 3 52

49.0001.0000.0C11.1111.00

N ==

B 47.0006 ad ) paiind 4.8, aY) gL 3 )y dpalle ddgjaall g o AY) NSAP Aliaf (a9 -
. W Aalll) 45 giad) 4 5

Ol ) peda 98 9 Area id o) ABkiall o)) sie Siar 92 949.0001 s& Ol sind) B Jg¥) s 5 ¥

ad, O gis caliarea 1 ad 4dkia 8 393 3a Router 13 ¢ 2 132 50001 SY) £ 320 9 AFT 49
byte 13 (» (s%e 2 private ip 49
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Router /& s 135 0000.0c11.1111 s byte 6 e 058a s 9 system ID AU 52 -
Jis Router (IS) Jga 0alall NSAP goad o Yia ¢Sy

s Ashia)) olsic b 49,0001 LGNS NSAP s 85 49.0001.1111.1111.1111.00

Router J4> 1% Ol A& J8a NSEL Y ¢33 s Router (IS) Olsie s 1111.1111.111
byte (1) ssbuw 58 5 00 (s sbos A2

Router (IS) J4 o g Ladic dlad 138 9 () s gboss 45ad (4685 0 s NSEL £ 2 JA) -*

For example, you might assign 49.0001.0000.0c12.3456.00, which represents the following:
m AFIof49

m  AreaID of 0001

m  System ID of 0000.0c12.3456, the MAC address of a LAN interface

m NSEL of 0

$ 058 S serial interface o 09A MAC address aldic) &liSay 4i) 5 ja aaf g-*
. 4 paidl) System ID

Public ip address range 4isiadl (e £) 53 3 ) acill dpallad) 45 gial) 48 o (8 i o LS -
special uses ip address range - privet ip address range

ady (il Cua Wig g gdl ) NSAPL_,AL,M‘\ a3 [SO Aaliia dald S
. £l 228 5 ISO 10589 standard

AFl Value Address Domain

39 ISO Data Country Code (DCC)

45 E.164

47 ISO 6523 International Code Designator (ICD)
49 Locally administered (private)
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Identifying Systems in IS-IS: Area Address

Area 1 The area address
49.0001.0000.0C22.2222.00 uniq-UEIy identifiﬁs thE
routing area, and the
49.0001.0000.0C11.1111.00 System ID identifies
=z each node.
+ All routers within an area

must use the same area
address.

+ An ES may be adjacent
to a router only if they
share a common
area address.

+ Area address is used in
Level 2 routing.

49.0004.0000.0C88.8888.00

Area 4

49.0004.0000.0C29,9999.00

Of ABkaial) (udi 8 ¢pa g2 5all Router (IS) 3¢l IS (1% o g 4dl 5 guall 038 (B agall 5 50l -
area id 4ikid) e Router J4 i O A4S 138 5 dalay JS ABhial) o) gic (i agd ()5S

Aild (adihia ¢ A Aluy Jua)) Routing 4len a sy ¢ Router (IS) J42 Lp Ladis | Lgs 352 sall
.Level 2 IS 3 Wl b a sl

Identifying Systems in IS-IS: System ID

49.00AA.0000.0c11.1111.00 49.00AA.0000.0¢33.3333.00

49.004AA.0000.0c22.2222.00

= System ID in the address used to identify the IS; it is not just an
interface. Cisco supports only a é-byte system ID.

- System ID is used in Level 1 routing and has to be unigue within
an area.

- System ID has to be unique within Level 2 routers that form the
routing domain.

- General recommendation: use domain-wide unigue system ID.

— This may be MAC (for example, 0000.0¢c12.3456) or IP address
(for example, 1921.6800.0001) taken from an interface.

cilles ¢ Jo¥) s siwall : Level 1 intra-area routing is based on system IDs -*
Router J4 JS, 3aal gl ddhial) (udl J313 (e Routers (ISs) 3¢ i 05 525 Routing

3 ,dla g Cilida Router (IS) JS ol System ID 41 0583 Of quag 3as) gl) Aidaial) (i b (IS)
Domain ¢ s

any o ci i AU (5 giaall B 53 93 54l Routers (ISs) 3oea) Js; Level 2 Routing -*
.48 Domain ¢ s o cilida gystem id al (S O e A3y, Lay area Id Gk o
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Routing 4des a i dulul o 51 s area id . system id. NSEL ol 34?‘3 pal g ¥k
Level 1 Routing (5% 438 ddhial) (i (e area id oS 9 IS N &ty ol IS 118

NET Addresses

OSI Addressing: NET Addresses

*+ NSAP address includes NSEL field (process or port number)
+ NET: NSAP with a NSEL field of 0

— Refers to the device itself (equivalent to the Layer 3 OS5I
address of the device)

— Used in routers because they implement the network layer
only (base for SPF calculation)

$2) 290 s gud ASad (1 5<39 NSEL (5 oot NSAP (B 652 33 83 4] b a3 Las
NET $ 129 0 55t Router J4a A8 pdags Latie 4lad 0 Ulhy Slgall ¢ o gy

. Domain J312 ISs 3 3¢ (N Susis LSP JA NET 4a g aly -

The NET refers to the device itself: that 1s, it 1s the equivalent of the Layer 3 OSI address of
that device..

Subnetwork Point of Attachment (SNPA)

and Circuit

NET NET Local Circuit ID
49.00AA 1921.6800.0001.00 49.00AA.1921.6800.0003.00 / Qxd2

SNPA e SNPA

Frame Relay
MAC 0000.0c33.3333 DLCI 431 :

SNPA is equivalent to Layer 2 address; for example:
« Virtual circuit ID (DLCI on Frame Relay)
* MAC address on LAN interfaces

Interfaces uniquely identified by circuit I1D:
« On point-to-point interfaces, SNPA is used.

« On LANs, circuit ID concatenated with six-octet system ID of a designated 1S
to form seven-octet LAN ID (for example, 1921.6800.0001.01) is used.

* Cisco routers use host name instead of system D (for example, “R1.01").

Gk o= Router 3¢ by agii Laie : subnetwork point of attachment (SNPA) -*

Ox A8, 5 4udi Router Jga () BUMEY) (8 a2dien SNAP 4an) Jiaa Lol 23 5 438 Wan

4 i aadis AlM g, L Router 4w oaldll Real ip Jie, Wan e 3352 gall 5 AY) 3 3¢aY)
A s Alal oda il gl ¢ jaad INET f system id s} sub interface s Mac address ¢
. WAN 44 e 4a 55 Gl
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IS-IS Routing Levels

IS-IS JsS i Jal Routing ¢ 4dlidal) g1 o8l D (o Eaaatiin acdl) 134 & -

Level 1, Level 2, and Level 1-2 Routers

Level 1 {like OSPF intemal nonbackbone routers):
= Intra-area routing enables ESs to communicate,
» Level 1 areais a collection of Level 1 and Level 12 routers.
» Level 1 1S keeps copy of the Level 1 area LSDEB.

Level 1-2 {like OSPF ABR):
= Intra-area and interarea routing.
« Level 12 IS keeps separate Level 1 and Level 2 LSDBs and
advertises default route to Level 1 routers.

Level 2 {like OSPF backbone routers):
+ Interarea routing.

= Level 2 (backbone) areais a contiguous set of Lewvel 1-2
and Level 2 routers.

- Level 2 1S Keeps a copy of the Level 2 area LSDB.

e SS) 7 gua ga alSiis U (19 TS-TS JsS 532 e Routing Sliles (e g1651 A (e Whans
. oyall mua g

(inter area) kié ;ghiall Jala <19 IS 3 3¢al & 5% : Level 1 Routing -*

3013 A TS Level 1-2 J4al 5 ¥ s simall (0 IS 5340 & 05 : Level 1-2 Routing -*
@hliadl ) Saadll e Jsiall 58 ABR Jie IS level 1-2 Suad s af dlhia ) &iaaly o) IS e
LAY

3343l A IS level 2 33¢a1 9IS level 1-2 33¢af ¢ 015 : Level 2 Routing -*

Routing dxler; o 85 (&1 dlly IS level 1-2 &3¢k paldd) NSAP 485 s il) Jsé Back bone
@hliall O

N U ) gd parll Lpdans aa IS Tevel 1-2 5340 Jrasis a i of Sy il g ¢ Ja Al -*

S it Y iy lgudany o i e 0 gadiied Al JS TS level 1-2 o3 g Level 2 IS
Level 2 s Level 1 < jsaa

Level 2 = Level 1-2 Jua s Liad L) guda gi 40 5 ) guadl) -

uanyl) aguany aa Level 1-2 Jua s o s Wl (Al 5 gual) -*
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Level 1-2 with level 2

3

Leve] 115

49.0002.5555(5555.5555.00

Area 2

Leve] 115
49.0002.6666{6666.6666.00

49.0002.4444.4444.4444.00

(¥

Level 1-2 IS

Level 2 1S
49.0025.1010.1010.1010.00

Level 11S
49.0001.3333.3333.3333.00

Level 1-2 IS

@7 49.0001.1111.1111.1111.00

Area 1 49.0001.2222.2222.2222.00

Level 1-2 with level 1-2

[% ] Area 2

Level 118

49.0002.6666/6666.6666.00

Leve] 118

49.0002.5555.5555.5555.00 @2‘)

Level|1-2 IS

49.0002.4444[4444.4444.00

Level 118

Level 118

49.0002.8888.8888.8888.00

49.0002.9999,9999.9999.00

49.0002.C123.C123.C123.00

s =

Level 1-2 IS

&

Level(1-2 IS

Level 118 Area 1
49.0001.3333.3333.3333.00

@ 49.0001/1111/1111.1111.00 @

Level 118
49.0001.2222.2222.2222.00
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Intra-Area and Interarea Addressing and Routing

Ll g addressing 2 as&i S - inter area s intra-area & &aalisjall lia b
. Routing

Addressing and Routing

+ Area address is used to route between areas; system ID is
not considered.

« System IDis used to route within an area; area address is not
considered.

& 4 02l addressing O s il OST model Cilaglas &> & 9 IS-IS d s s -*
area id 48kial) o) siny 4ol & NSAP address o Omida Jsl Of 33 9 hexadecimal Jsé
. byte 16 &= OsShy

wudi JA Routing <liles ¢) intra routing ke b system id a2diuy IS-IS JsSsis -*
CMAY) g Adary ae Adhaial) o)) gic (Gilaid | Adhaial) (udi (e IS A el packet <uils 13 ddlaial)
system id gk & (S8 Adhial) (udi e Routing clles AN g system id o (aSy O sind)

Ol Gashy, Areaid Gisb s s Al (3hla ) Routing cilbilexs a g8y IS-IS J S s g0 -*
IS ¢ 58 (Packet WSlad (A <l jluall)

G JS di (level 1-2 IS) oA élig (level 1-2 1S) Y (level 1 1IS) ¢ packet <% -
Topology JS& e G il aly (&1 4zal 3 LSDB aga JS Joly 0f quad (usally g (level 2 IS)
(intra-area) W-a s> 94 Al 5 sl AN Aaldl)

. Topology W 3> (Al Jasd dahiall i (inter-area ) <iikhid 48 (level 11S) Wi -*

O8I 1S48 Routing Logic

Level 1 router: For a destination address, compare
the area address to this area.

+ If not equal, pass to nearest Level 1-2 router.
+ If equal, use Level 1 database to route by system [D.
Level 1-2 router: For a destination address, compare
the area address to this area.
+ If not equal, use Level 2 database to route by area address.
+ If equal, use Level 1 database to route by system [D.
) Packet Juu_b a gty 43& A ES (end system) ) &aaily ES (end host) asd: Laie -
area — 4 liay a & ¥ gl Packet 43 o Xia Al 0 giadl e G ailly IS g8 4 Jevel 1 IS <8
4aldl) database Jila system id o8 Gl o gy dBlaial) (udi (e S 138 Packet (2 gald) id
.4l Packet Juwi b agd a5 (Level 1 database) 4
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ol 2 Aaldd) area id @ Y, Packet (NSAP) 2 352 sall Ol giad) (S 1) Al Ay -
Level 1-2 IS ! Packet Ju_ b , 423! default Route gk ¢s level 1 IS a8 Adlaiall
sk 4pdl La (3t S B TS evel 1-2 A= 3352 3l Level 2 database Ja)a Gl a i
. Level 2 IS (back bone) () Wbk a5l (3 ¥ il 1) g level 1-2 IS ) Wllw b

Example: Identifying Systems: OSI
Addressing in Networks

43,0058 0000 ,0cBS 6565 00

database Ja)3 433 La (33 ¥ il sad area id AiJGa pid RY () Giaath 43 RT JBa -*
level 1-2 IS £.55 ¢ 4¥ RS ) Gk Jadl aay (81 (R7) 4 Al database Jale &l o i

psiid Laday M 4301 A area id 4%a asdy glevel 1 database Jal Eadu RS asdy -
R9 . b Jadi sl 40a Al topology database level 2 database Jal
49.00CC (o) Jasl R3 A (e 3ok Jadi ¢ 2399 system id o8 Gl o 58
Level 2 topology database J3)2 435 Jia; a g o3a S8 4341 ) gial) 43 liay o 58 R3 -
Cllg Cadll B system id piies ¥ R3 Al oda g R1 A Gk Juadil o) a2l 43 Lalil
49.00CC area id 48hial) o) gis axiicy

St (S Bk Jdl sy S Level 2 topology database Jals 4l o)) giad) 45 \iay a 683 R1 -
R8 (o) Al 1) Jlu s o 53 Ahalall o2 )

Level 1 topology Ja) aull a sid 40l o) ial) Gl Aibial) ¢l g ) 32 RE -
R9 ) Jeay (S By sk Juadl aa3l | database

IS-IS JsSsisn J312 Routing dules gy o AN 48y jhal) eida g 1 JUa 138 %
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IS-IS PDUs

32 Ly PDU (o il Sy, PDU (o2 L alal o) g IS-IS JsS s o8 Guaai Laie %
CLSA S gd s AT ¥ oS 55 g ) (B Lglilha

ot frame J) iz, PDU W5 (1o IS-IS dsS g 8 lbad) 5339 OST model < -*
packet (or datagram, in the IP environment) L& < a5, data-link PDUs
. Network PDU & =

PDUs between peers:
+ Metwork PDU = datagram, packet
+ Data-link PDU = frame

+ Examples:
Data-link header I1S-5 header
SIS ™53 (first byte is 0x83) 1S-1S TLVs
Data-link header ES-IS header
ES-IS |08l family 0xFEFE) | (first byte is 0x82) ES-IS TLVs
Data-link header CLNP header
CLNP | 08l family OXFEFE) | (first byte is 0x81) CLNS :

W ualdl encapsulation JS& g 138 g PDU (e £) gl AN ) JUa 3 guall (& 55 -
ES-IS 5 IS-IS caak ladie Ju i Al cliladl JS | Router (is) J4 (e g oA Ladis
. data-link frame JS& & zuais, encapsulation Lgialis i

JA1 3 dile Uil g g oy 438 | ES-IS 9 IS-IS ¢ Routing 4slexs a gdi Ladis -
., data link layer frame

S0 AL Jia) 138 g (4ded yata Jia) variable-length fields s ¢ siss IS-IS PDU -*
TVL (2 ooy J8al) 132 Jala Al aliy) g o bl s Aiad

+ |S-18 PDUs are encapsulated directly into a data-link frame.
There is no CLNP or IP header in a PDU.

« 18-15 PDUs are as follows:
— Hello (ESH, ISH, IIH)
- LSP
— PENP {partial sequence number PDU)
— CSNP {complete sequence number PDU)
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By £ gl ol 55 0spf JsS 59z 2 LSA packet Jia (29 PDU (o plSU Nl g -
. pgs aliu g PDU (4 £ 58 Az ) 22 gn -

s o) Lpuany o g ol 0 Al (B B3 g2 gall 8 3gaY) i ad Ay 29 : Hello PDU
ES hello (ESH) Y= 5% Router (IS) J42 ! hello At Juu b ES a5h Lasis
el 054 ES ) hello 4la; Router (IS) S e Ladis |

4, Router 4= ! Router 4> Ju Liic | Intermediate System Hello (ISH)
. ITH Y 35S hello

o ald iy andiud Adlu 2 g link-state information &5k as&i Al 022 : LSP
Router J4 Y Jwasal) paths <) jluall

O ciliby allin) aly Ladie asdied Aluy A 9 : Partial sequence number PDU (PSNP)
oAl 393 5t Sl Jluy) Bale) quth o Latie Lyl axdind & g acknowledge Alwy dS:l)
request missing pieces of link-state information 2

Gl 3 gl Ay Ladie aadind Al 4 9 : Complete sequence number PDU (CSNP)
. Router (IS) )% ¢« LSDB

Link-State Packets

. LSPs Jilw; Router (IS) J4 piiay S 7 du o 5ol 134 %

A Link-State Packet Represents Router

* Router describes itself with
anLSP

* LSP header contents
LSP Header include:
— PDOU type, length, LSP

TLY
IS Neighbors ID, sequence number,
remaining lifetime

TLV . ; ) ; .
ES Neighbors TLY variable-length fields:

— I8 neighbors

— ES neighbors

— Authentication
information

TLW

dalS ) jLaidl a9 TLV 5 LSP header cadai 9 LSP Jal 4 Cina i paa g IS S ooy -*
. variable-length fields

: = LSP header g5 -*

Al axa s PDU Al £ 58 -1

LSPID -2

Aia Lgw 3303 Vg ol Al b1 2Dl & 4] 28U Ay 4 : LSP sequence number -3
AL Aadla plgiil cB g g LSP (e Aullal) Adla ) a3iay Adiall g zUial) el — 4
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: 0 JS A& TVL Jsia (s giad %

network topology sUx a s S éliy | Routers (ISs) (e 4 > ad (o — 1

ES (e 451 a8 (0 — 2

routing updates 4lea 2 a 585 A Authentication information (& 4ald <y — 3
ip V4 aaiiey (e Lggd a5 S 13) 4S80 (B Jlea o) (2 0al) ip address s s siaig— 4

LSP Header

LSPs are sequenced to prevent duplication of LSPs.
+ Assists with synchronization.
+ Sequence numbers begin at 1.

+ Sequence numbers are increased to indicate
the newest LSP.

LSPs in LSDB have a remaining lifetime.
+ Allows synchronization.
+ Decreasing timer.

. i W e 2Bl 138 g sequence numbers Julesa by Ao LSP Al (5 giadi -*
LSP &aalf addiey 4l g, ASudd) e &uaad A) 44 Router 4 O) -
Al B 3393 gall 3 3gY) A ALdi aga g ate e Lgiilan -

alicy &) ¢ Router LSP J4a a3 LSP 4w A 3393 sl sequence number s -*
A8 LSP cilily o (s giad Alu i oda (8 1 Lgiasd Ay ) adlia) 1318 Layad e glaa

Cagti) ABYal) 038 ¢ pfial gf Cupaatl) L g LSA Auadla Ad (4150 (e g da gy (S LaS %
L AG 1200 Aiad g LSP (0 0ald (e b g 23 g0

LSP TLV Examples

Length Field Value Yariahle Length

ArealD

Area address 1 length + 1 Areas

Intermedi ate Heighhor :

system neighbors 2 count + 1 IS neighbors

IP internal Humber of Connected IP prefizes —

reachability 128 connected 4-byte metric, 4-byte prefiz,
prefixes 4 bytemask

IP external Humber of Redistributed IP prefizes —

reachability 130 redistibuted 4-hyte metrc, 4-hyte prefix,
prefixes 4 hyte mask

Each set of information, called a “tuple,” includes a type code,
length field, and value.
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, Wiy ald 53 Router J4 9 e AV A& oo claglaa o (5 giad LSP JS -*
, LSP header <alibdagge (585 Allg TLV Jsda Ja1a 8393 ga 985 Claglaal) a3 g
W e TVL Jséa sy 344 9 Code, Length, Value (CLV). 4l TVL ) JLug
e S PDU Jala Jasy O IS-IS JsS g0 () oo g2 g4 138 g Adlisa b ol o
. W g 05 Lagria S ga Jalail 4l a3 IPV6 5 IPV4

Implementing IS-1IS in NBMA Networks

Nonbroadcast Multiple Access (2 IS-IS JsS 92 £ o aslic andl) 134 b %
Designated Intermediate System (DIS) s L (& &aaiiug, Network

Broadcast Mode

+ Used for LAN and multipoint WAN interfaces.

+ Adjacencyis recognized through hellos; separate
adjacencies for Level 1 and Level 2.

+ Designated IS {DIS) creates a pseudonode and represents
LAN.

DIS for Level 1 and Level 2 may be different.
DIS is elected based onthese criteria:

— Only routers with adjacencies are eligible,
— Highest interface priority.

— Highest SNPA (MAC) breaks ties.
+ There is no backup DIS.

point-to-point s Broadcast Let s IS-IS JsS5ign A LSl (e Jakd (o 5 32 gy -
L) sld 0 Laga JS (A IS-IS JsS 55 Jas A4S 7 sy o gl

broadcast s asiiu point-to-points broadcast ¢ =Sl GAN alai LS ¢ &) auy -*
ABR ( area boarder router ) g a st Jga 22 5 ospf JsS 590 B 40 alai LS —
inert-area ¢ AY) @hlal) ) &aail) oo Jgiaall g Al A ga 098 o) Alaga sa g

Ji (e UtE LaS g5 s AY) (3hlial) ) &aaly () 4lags (1555 Router (IS) J4 IS-IS paidiuy dllis
98 L asgda dlial 98 ¢ i (e Ade Laati La (1 (Saal) (e (AU g S Ol el (1 (1885 )
Ghlally Gaadl) ¢ Jsimal) IS Sl oamuy, T s ST 3 ) guay 4 Gitaiis Uil Level 1-2 IS
Jala b Bagasall 3¢V JS &a LSDB level 1 Ja ais — Designated IS (DIS) 2 ¢ AY)
J4> 2o ISs level 1 53¢ g2 synchronize ¢s! 3 ab &g ITH ik o @lli g 3aa) gl) ddhial)
olul aadind gaid g LAN interface (&b oo 3342Y) 038 Iy 3 a6 LIS 9 DIS

Gk o= TTH (IS-IS hello) dibu ) glain by Alal) o3a (3 43) U 2l S g broadcast

. multicast

Wan 48d e Jay ) asdied dlly caid Point-To-point S (& o slal addiad US )3 %

138 ¢ oS ol RIS TS level 2 S Ga¥) i) 2 52 9 (DIS) (2 uald S wan B 225 Ll g
IS level 1-2 058 O (Saa g sial)
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Area 2 Level 118

IT contain only network Topology
And Level 1 database
And Default Route To level 1-2 IS

Database 2 for Level 2 IS

Level 1-2 1S

5 must have the highest
And must be level 1-2 |3

priority

Level 1-2 IS
IT contain 2 database
Database 1 for level 1 IS

Level 118 Level 11S
Area 1
IT contain only network Topology IT contain only network Topology
And Level 1 database And Level 1 database
And Default Route To level 1-2 IS And Default Route To level 1-2 IS

¢ $iall 5 Router (IS) J4 s& DIS O Yol Adf 505, ARl 3 guall (o Gaaiion %

. Level 1-2 IS

alill) 22168 (e (2 5 4330 Router (IS) J4 5 : Level 1-2 IS 58 La-*

4l 99, area 1 s Jsiva g Al dBhial) o gald J4¥) £ 53l | 2 Kind of database

o i ddlhaia (udl 85352 sal) 3 3¢aY) AL aa (el i) Aileny a g8y g ABlaial) 033 Aald) LSDB

. 343 JS aa 4k Database

4 Juaia 53l Router IS J4= i next hob 4= 325 A5 Level 2 (2 4ald cilily a8 Ll
e #5298 Al Wan 4 A Al (o ALalS 5 ) gua 4l Lyl 5 (5 AT dihiia 85 il

G2 098 e A5 50 g Al Adkaial) o LAN area (2 J<aie il Interface &) ali O g -*
el Gkl g G (B dde Giaatin jal Gk oo @y JoY) (s el (e A) sgaaty a6 ()

Level 2 o) giaa 3% a g 4ua A A0l aday s interface Ly -*

oudi & Router )9 (e S| 33 53 0S13) Jevel highest priority @b ¢& DIS JLia) aly -
o pl U 9 agis Jacadiilly TS-TS JsS 5850 p sy i Level 1-2 (s sisall (u agd g Adhaial)
8 3¢l JS ¢Sl priority 4ad i) cala Router JGEa) Gk oo dlld g Wil Led LS | DIS

o8 aa) Jadi o) Ua i 13) il g default 4u) 38 dad & g priority (64) 4ad (udi ! Router
sl B 45y lal) oda o i iy gy priority 4ad pda g a i o)) i ol Wl oo 3 3¢

. slead)
Jes 536aY) JS e N OSPF (2 3253 LS IS-IS JsSsigs 2 BDR 5 DR 303 ¥ -
DIS J4%> &= synchronize

JIS-IS 58590 o ASBR 22 9 ¥ -%

isis priority number-value [level-1 |level-2]. : priority (& aSak i) ja¥) J& -
127 Y 0 &a 25 priority 4ad
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Level 2 IS ¢ W Gaadiv ¥

Level 2 IS must be connected to Level 1-2 IS
IT the backbone IN IS-IS network
AND work with Backup Design

gvel 1-21S

Level 1-2 IS

Level 118

Level 11S

(s bk Lol database (1> 5339 IS-IS J S 552 2 Backbone ¢ : Level 2 IS -*
Jalaii ¢4 Level 1 and 2 (5 4ald cilily 32018 Ly Level 1-2 ISs of LB Lsé Level 2 ISs
level 2 database and level 2 interface g«

Jala Gty a8y a5 M1 ) PDU dul o581 0) i R4 () &y ¢f RT 210 1) Jha ¥

aB s A58l g Eial) Al lgulamy 2 inter-area skl Ladie 4l J (e Ulk g 43 Aaldl) Database
2588 SPF Clilua g da ) g3 aladiad 31k e R4 N (b Jdl M1 43 of 3 area id Adkiall
4 PDU Jw

bl 3asB o Level 1-2 IS ¢ siwa (1 W dlaia A1 3 3¢aY) Level 2 IS 2 o)) qua -
& daia Al wan ¢e AalS 3 g0 Waie (680 s Jevel 2 database 2 4aldl)

JS Qs @) g e Agkalia) Al dllia (158 (s 2 Router level 2 IS €lia (158 o) Jeady -*
AQa A Jhae dany of et AEN Slgad) Jary Laaaa) 8 Jhe Giaa 1Y) s oL AT 3 g
Al Jah @ i) Glaiad 48 s IS-IS JsS s Wb Jalyg

JSiig JsS ggall 138 Jao (o gl Lol (985 (Aa (o AT B e Ly jal) oda (8 diaati ) g OIS

s LaS g lanl) £ jad) clllat B ¢ g ST A8y s (5 AT By Lo Cisain g L Jany (A A4
. ead) £ 5al) (8 Lpdang pa S g e g g (BET o) JaY) JS O pama YY)
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LSP and IIH Levels

LAN (broadcast) ¢» JS 2 LSP and ITH Jibw)) g1 58 0o Giaatiin g jal) 138 A
Point-To-Point 3

Level 1 and Level 2 LS5Ps and llHs

+ The two-level nature of IS-1S requires separate types
of LSPs: Level 1 and Level 2 LSPs.

+ DIS is representative of LAN:

— DIS sends pseudo-Level 1 and pseucdo-Level 2 LSPs
for LAN.

— Separate DIS for Level 1 and Level 2.
+ LSPs are sent as unicast on point-to-point networks.
+ LSPs are sent as multicast on broadcast networks.

+ LAN uses separate Level 1 and Level 2 |lIHs; sent as
multicast.

+ Point-to-point uses a common lIH format; sent as unicast.

g5 Jadiaghyg LSP, ITH (e (1 o8 pladiads a 58 IS S JS: Level 1 and Level 2 LSP -*
o) Juati a8 il g Level 1 IS () 18 Jual Jibua ) o38 da gy 4d) g gy ¢ Jibe ) 238
. Level 2 IS

244 DIS pshy Ledie 4l ek Aalsll o3 Pseudo ¢ sSi IS Route asdy -*

A AN Aal co i level 1 Autdial A4 e @ity g ag&d link-state information
pseudo code 4awl code Jils ASudll 7 jdi puda g 0 588 LSP o8 42l (il ) s Level 2
pseudo code JS& geasi 8 gua 038 g Aaa Al JS& o sag

1 function Dijkstra(Graph, source)

2 for each vertex v in Graph:
£ distc[v] := infinitcy lon from source to v

=

previous[v] th from sources

:= undefined

3 dist[source] := 0
& g := the set of all nodes in Graph
// 411 nodes in the graph are unoptimized - thus are in O

7 while ¢ is not empty: // The main loop

8 u = vertex in @ with smallest distc[
[ =] remove 1 from O
v 10 for each neighbor v of u: // where v has not yet been removed m O
H

12
13 t

v 14 previocus[v] := u
15 return previous[

(A iagag Aiaga A Ladad (Sl g pseudo code JA qgiSa sa L agdi 0 La qigllaa (ud -
link state information (LSP) Ja)2 (Al <l glaal) 7 &

IS 33420 (e 4l 2 A= LSP L4 DIS (IS) a5t intra-area ¢S W s LAN 44 b %
S o g agin (synchronization) ¢») 3 ol Fs TTH PDUs agin Jiba ) oda | glalilyg
Level 11IS
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area-id b (& 49 ISs o W sis ITH PDUs Jibw)) £ 55 Jads DIS (IS) S\ psds -*
43 Aalill area-id 4 _lia; DIS asié DIS ) LSP PDU Alu; Jla b Alilaia (udi ¢ IS al8 138
Level 1 database (» 4aldl) clilyl) sacld b Lghiiay o gid (g AT dilaia (e Al 038 Ja alay
pany e di il alg level 1 is s siwa o ITH PDUs Qe )l £ g5 (i Lgale 3,10 o 68 o

IIH , LSP, PSNP , CSNP Jiu; Jaig

L Jalailly a sl g level 2 is (e Jiludl 038 &) Jaallly o giid Al Cilida grea-id oS <ils 13) Wi -
level 2 IS s siwa o oSl Adilaall 48y phal) (pudiy

8 3¢l o Lol Ay AN Jilu W A TTH (IS-IS hello) Jiy : Level 1 and Level 2 ITH -*
LSDB JS dda ya3 Laghs a5 peighbors O s> gealy uaany Ao i <! Routers

O bl oda Jali aly (49 el ) B o) 108 S (Say (Sl (A 65 10 JS Ll aly Jilu ) 08
daalld 32919, Level 1 and level 2 cpilladl UIS 8 &th g multicasts to a multicast @ik

L Adab ot jlad) 13a ey 5 58N o2 A hello Aluy adiu) oy ol ¢y) g 453U 30 324! Hold time

unicast address (b ¢& Point-To-Pint 4la 2 hello PDUs Jibw Jal ady -*

Comparing Broadcast and Point-to-Point Topologies

Comparing Broadcast and Point-to-Point

Topologies

Broadcast Point-to-Point

' LAN, PPP, HDLC,
Bl full-mesh WaN | partial-mesh WAN
. JJsecfor DIS
Hello timer else 10 sec 10 sec
Adjacencies nn-1u/2 n-1
Uses DIS Yes Hio
Level 11H, . .
IIH type Level 2 IIH Pointto-point TH

iy point-to-point s broadcast ¢ e s 5 Al 3 gl B -
$DIS pxiicy ol pseudo code (2 Aald Aalaa | gl dlae | £ 65 JS g aadiiey Al A4 ¢ o
Hello Jivw), £ 5
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L.SDB Synchronization

. LSDB synchronization <l 32168 (el 55 8 Gaalia ¢ jall 18 A%

LSP Flooding

+ Single procedure for flooding, aging, and updating of LSPs.
Level 1 LSPs are flooded within an area.
Level 2 LSPs are flooded throughout the Level 2 backbone.

Large PDUs are divided into fragments that are
independently flooded.

— Each PDU is assigned an LSP fragment number, starting
at 0 and incrementing by 1.

Separate LSDBs are maintained for Level 1 and Level 2 LSPs.

link state information Jibw, s&3 Ao o585 IS-IS JsSsig J3)2 update Cuaail) ddes %
. domain J3)2 LSPs

laela 43 pa ) 5 AT 3 e W i g o la ¢ LSP Al JLiuls Router IS S ashs Llas g -*
. dda Alu )l ol JLdial Al ‘533\ ol

JAl i sl Jevel 2 £ 68 ¢x Jlal) 5 intra-area J32 L dd sl level 1 £ 88 (e Jilw ) %
Back bone area

st oAl system id Fall o Jlu ol 238 g 43 Laldl) LSP il Cos<i p gl IS Sl IS -
l2u fragment number starting at 0 b, JS (e g o3, s o8 53 Router (is)
0 Ga AT 8 e ad il fay TV Jis (B dndag ¢Syl o) ) a5l Juag 13) 0 (e a5

Level 2 (2 4aldll i) 3221 o Jevel 1 2 4alldl) LSDB 43 &% IS-IS J4 asds -*
Gk 08 PDU wasdy o s&y LSP PDU 4l IS aliy atie : LSP PDU aMiwd dla ja -

, Al g Lay B 1) 138 & ey o gy g dlilua g Al 0B ) AT oS Juideaal) o3 1) dad checksum gead
. 2 7 saal) gl s LSP Al ) b 0 ashg
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L.SDB Synchronization

LSDB Synchronization

+ SNP packets are used to ensure synchronization and
reliability.

— Contents are LSP descriptions

+ PSNP is used for the following:
— For acknowledgment of LSPs on point-to-point links
— To request missing pieces of LSDB

+ CSNPis used for the following:
— Periodically by DIS on LAN to ensure LSDB accuracy
— 0On point-to-point link when the link comes up

Jsay e 3l S : Sequence number PDUs (SNPs) Al IS-IS JsS 55 addiay -*
Lad ALl o3 (ha (e o8 dia | LSDB bl 5018 peduaty o 98y <15 LSPs Al
Broadcast , point-to-point ¢ JS (2 (e sl (i asdiey g, CSNP and PSNP

il 038 (4 23 99 5 frame S (udi ) gadiiess : CSNPs and PSNPs Jibw -*

S 5883 CNSP Ay ¢ e 9l il O 38 9, summarized LSP information
523 PSNP Al Laf , it 3ac & 1Y) 5 gisall summaries of all LSPs in the LSDB
£ 5> hid dic Ju 5 PSNP dbw; ol i3 LSDB (» ssua s3> subset of LSP entries =
.LSDB ¢+

Level 1 or level 2 IS (A g) J5¥) (s sicsall (2 £) g a23ius PSNP 9 CSNP il -*
4ags cala Router 42 3 LSDB 4iiha; o 58 (S CNSP Jibey S35 IS-1S JsS i p s -*
LA A8 5gaY) g pa ol a6y g3 98 DIS

KU s LAN s siwa o A 6510 JS 3558 A 5 multicast 44 ks CSNP Jibey Jusi -*
Adilas 53¢ g2 ) DIS

DIS 5819 CSNP lile saa) Juiad & b 25 9 Al 2 : PSNP ik pladia ady -
b Ga ) Lt

LSDB Jal sy LINK up 0585 Ledis CSNP Jile J34 a3 : point-to-point s b -*
. Level 1-2 or level 2 IS with level 1-2 is s siwall ¢ (819 DIS s st Ao
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LSDB Synchronization: LAN

CSNP sent l. CSNP:

periodically LSP Te

(every 10 LSP 77

seconds) LSP 78
by DIS

=

e @
| LSP 77 ! H.LSP 77T
] B !

I |

Il. Request:
V. ACK: Sorry, |
Thank you for missed LSP 77.
L3P 77.

6 Siwa e ¢) g LAN (A 5393 5al) 5 3¢2%) JS9 DIS 4 O CSNP Jilaw )y Jabs oy -
Liiidaa oy s LSDB Ji4s g multicast (&b o8 als sug Level 1 or Level 1-2 IS

L3 JS e
LSDB Synchronization: Point-to-Point

lll. ACK:
Thank you for
LSP 33. L.
Link went
ll. New LSP down. |}
Describing the
Current Situation

39 Link up 0585 Ladie ,a g kil 31a) 9 3 1 Point-To-Point ¢ sisa A= CSNP Jabs oy -*
Al e 5a )  uall 329 131 g network topology s sl aly s LSP Jilu ) Jals ady el
. PSNP it ot ulla
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LAN Adjacencies

Adjacencies are established based on the area address
announced in the incoming lIHs and the type of the router.

iy
-
-

—

Area 1 . Area 2 ‘*’“f‘ﬁj%

== Level 1 Adjacency
s | pual 2 Adjarency

IS level 1 Jibu ¢ A3EIG IS 540 2585 0819 LAN s s sl TTH PDU ibea Job5 o3 -
Adlide iy 3ae18 A il ) (e £ 53 JS puda g o5, level 1-2 IS O & IS level 2 il
A (5 g s

135




Configuring Basic Integrated
IS-IS

A0S 5 ) gual) i g (1 L adal) JS play M) J9S g3 g ) (B Landl g 5ol ) el Al daad) g
. dss gl

Integrated IS-IS in a CLNS Environment

s 1 2 68 Router J4 O 13 s CLNS addressing aiiad o caa 450 guda gy ¢ jad) 138 %
. ip routing 4l

Integrated 15-1S: Requires NET Addresses

+ Common CLNS parameters (MET) and area planning are still
required even in an IP environment.

+ Even when Integrated |15-1S is used for IP routing only,
routers still establish CLNS adjacencies and use CLNS
packets.

Llany 2 g8 5 31 alddl ¢ 32 o) Student Guide W=US A Cisco 48y g i ¢ ad) 134 b _*
NET 5 W4 35230 92 Al A8hial) g Router J4 awd 3333 sl g Router (IS) J4 <y al
= 8353 54l interfaces ¢<!y Route Jl4> iy ail kié g4 (49.0001.1111.1111.1111.00)

, Laguars 2a Routers (sl by Jie Lgidh g3 0 585 < jp address ) gUa3 Router J4
G Al gl Qs (g, ST 48y jhas jp addressing ae Jars IS-IS JsS5isn O (e Sl Lia g
level 2 IS sl level 1 IS go Jers & Ja , 4adicin o3 interface & Gol 335 o

IS-IS JsS g pladiad g AT JgS g o) pladind A agal) 3,40 58 12y, level 1-2 IS

&1d 19 (hello protocol data unit PDUs) gk (8 gl Wguans aa ISs 3 3¢ Cd i aly -
. NET address <bwa; asii (< SPF iy IS g asis

138 S 13 paaiy 2 gy Sl dnle G pil) a3 oM NET address &% IS Sl JS ashy dlld g
. Adlide ddhia cpe S 1Y) o) same area Ailhia Gudi (e Slgad)

(2 335254l ISs 3¢l (AL V) default Route Jw b level 1-2 s siva (0 IS Sy ashy ¥

i O podationt (S B 3gaY) o it Ay g Jevel 1 s siwal) (0 Al same AREA 4ilaia (s
S AY Ghldl 3535 sall 3562
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O8I Area Routing: Building an OSI

Forwarding Database (Routing Table)

* When databases are synchronized, Dijkstra’s algorithm (SPF)

is run on the LSDB to calculate the SPF tree.

+ The shortest path to the destination is the lowest total sum of

metrics.

+ Separate route calculations are made for Level 1
routes in Level 1-2 routers.

and Level 2

+ Bestpaths are placed in the OS] forwarding database (CLNS

routing table).

L gl gl Gl a3 1k JS ) b 53 IS Sl JS p s LSDB

Gl iy QoL oy O g -

Level 1-2 IS <& Y best path (b Jdl JLEAG a & &f metric for each path 2 435

oo aled) 138 o 92-1 90 2 9 1 (s il (o (IS 13) A8 55 o il 2 TS g IS ash %

Level 1 (2 0ald ad | fpacd ) LSDB Juails a iy 1-2 (5 gial) (1

O 138 LSDB aladiuly
. Level 2 2 yali audg

Building an IP Routing Table

Partial route calculation (PRC) is run to calculate IP

reachability.

+ Because IP and ES are represented as leaf objects, they do

not participate in SPF.

Best paths are placed in the IP routing table following

IP preferential rules.

+ They appear as Level 1 or Level 2 IP routes.

X' dfla-t,g , link-state packets (LSPs) Al J31 ip address 2 IS-IS s85i00 i o
<!y 4age 4sles Routing table cyaai iy, ES (end-system)(PC) ol sis Wi e Al
. LSDB Ja Jis < partial route calculation (PRC) 4xija jfad

<sthall ip address 13 ) Jlus Jadl yaat; 2 68 partial route calculation (PRC) -*
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Configuring Integrated IS-IS

. J'fi“d.s & gt ) A 7 iy JeSsigul e dulas ALl a ghin d-ﬁ & Liagai Las
. S ALia] ) JESS A5 Jas Router (ke aladialy 58 58 9 Ao Jasay Jliay p giin ¥ gl -#
. GNS3 galin aladialy o glia -

RO R1i

2 AUl Jgaall B Baga gall cililnll Lagale aucaiy haid Routers (g aladiuly o ghiv ¥

Router interface Ip address IS-IS NET address
IS0 S0/0 192.168.1.1 49.0001.1111.1111.1111.00
IS1 S0/0 192.168.1.2 49.0002.2222.2222.2222.00

L Ale GlalaeY) @l g IS 0 Sl Ao Jsdall p il N ¥

*. ISO(config)#interface serial 0/0

*- ISO(config-if)#ip address 192.168.1.1 255.255.255.0
*. ISO(config-if)#no shutdown

*- ISO(config-if)/#clock rate 9600

*- ISO(config-if)#ip router isis

SA9 s 188 aal g sal (5 g mg&u\ EARIE3Y gﬁ-*
*- ISO(config-if)#ip router isis

(o piliny ¥ g k88 IS g irs Net address Of J (e USd LaS 1 ) 138 aladiad gy %
) ip address g 5 LUad Gulul) 138 o g Lgaladind absw ) interfaces < s

asiiv interface Ji 13 O IS-IS JsSsigp mda S bl JaY) gy Uad & interface S0/0
padica AT JS 559 Router S 45 058 Of (Saall o 43Y 138 5 TS-IS JS s pa Aaladindy
. 42 Jariu Al interfaces 233 43 IS-IS JsS5ign < jaaa (e »a¥) 138 9 IS-IS JsSsig s 8

. IS-IS JsSsi5n Jdd S router configuration (s JsAalh aghic LG _*
*- ISO(config)#router isis
*. ISO(config-router)#net 49.0001.1111.1111.1111.00
*. ISO(config-router)#is-type level-1-2

RS B sal gl 3 Laaiiad ARl pal ¥ A s ABLd) jal oY) A ganna £ ol ¥
*. ISO(config)#router isis

IS-IS JsS5ign pladids agiic L) Router J42 (o) Js Galad) oY)
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*- ISO(config-router)#net 49.0001.1111.1111.1111.00

Lgial) dles & CLNS p2iiey IS-IS JsS 8590 O i (o L83 LaS 1 (Gibaad) ja¥) %

(re S 233y 53 pet address s 13 9 net address a33icd CLNS O o

(49) privet range or public range & J& ) siall 13 ady (i 2 paldd) ¢ 32l Yl -

area 1 48kidl A 43) 5 539 (0001) s» area-id 33y s paldd) ¢ jad) Lili-
(1111.1111.1111) s system-id 333 s ¢ jadl GG -

s 32l 132 5 (00) 2 PC s Router J4> ¢S 13 net address 13 Jula £ g3 33ay o3 ¢ Jadl b -
A (5 gy Ladla

s 52l & Mac address g ol b WIS 5 dasy g Ulguw 4sles pet address g9 o) 5 -*
. system-id (» 0a\&)

29 LAY el
*- ISO(config-router)#is-type level-1-2

poli LS o A Alial B (g iy Router Jiga 0aldl s gicall level 2353 s 4a¥) g8 134 g -
Router 13 ) level 1-2 (s sima 3a%; Uad L) Us 5435, interface J<!level s sima Haady

L Adle AN eyl pag agiig IS 1 W As Jsaall aghic N ¥

*. ISO(config)#interface serial 0/0

*- ISO(config-if)#ip address 192.168.1.2 255.255.255.0
*. ISO(config-if)#no shutdown

*- ISO(config-if)/#clock rate 9600

*- ISO(config-if)#ip router isis

*. ISO(config)#router isis

*- ISO(config-router)#net 49.0002.2222.2222.2222.00
*- ISO(config-router)#is-type level-1-2

system-id s area-id 4dkiall ity Uiad Jah AB,Lal) sal g¥) (2 B S ol sy ali ol L) (g 53 -
. interface S0/0 ip lzhy

padiuall Ja¥) 5 IS 0 S\ neighbor O ad (4 AGISH STANEY jal gY) aladiedy (Y o gl -
)

*-[SO#show clns neighbors

c]ns&d&ipwﬁ?ﬁhﬁﬁ‘iﬁﬂgﬁ\dsgéewidf\-ag.\b Al 4 égu\)-ﬂ‘ﬂg}ngj-*
. net addressing 4xlas (£ Jsimall 92 4

Interface SMHPA State Holdtime Type Protocol

Sed B *HDLC= Up 21 L2 IS-I8

interface A (ye 4dle i) &g IST 98 danl g A Jly CILEIS) a5 40) ABleal) 3 gal) (B (5 i -
A el ) Gie ) Y oSl g Aty Ak ol L) ae HDLC oy 483 sk DA (e dsle G il &5 45) 9 S0/0
1A%, phal) o2 gk
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IS-IS padieall JgSsigall 5, 4G hold time 21 3 s )iy state "up"! s s 5
IS-IS JsS 55 (8 4aladindy Lad 1) nterface serial 0/0 oailad Jlghls a ghuw AUl oY) -
*.ISO#show clns interface serial 0/0

IZ28#zhow clns interface =zerial B-8
SerialBdsA iz up, line protocol iz up

Checksums enabled,. MIU 1588, Encapsulation HDLC

ERFDU=z enabled. min. interval 18 msec.

CLHE fast switching disabled

CLMS S5E switching disabled

DEC compatibility mode OFF for this interface

Mext ESH-ISH in 53 seconds

Routing Protocol: IS-IS
Circuit Type: level—-1-2
Interface number BxB. local circuit ID Bx108
Meighbor Sysztem—ID: IS1
Level-1 Metric: 18, Priority: 64, Circuit ID: IS1.88
Level-1 IPubt Metric:- 10
Mumber of active level-1 adjacencies: @
Level-2 Metric: 1@, Priority: 64, Circuit ID: ISA.80
Level-2 IPvbt Metric: 18
Mumher of active level-2 adjacencies: 1
Mext IZ-I% Hello in 1 seconds
if =tate UP

circuit 5,33 ¢ i s circuit type :level 1-2 &) IS-IS g asiieall oS 39 Of 55 -*
interface ¢ siwa 233 o) (Saal) (ad 4l interface £ 5 (o A 5o Bal 4o G alivi ja) o
c2-1 812 81 sl (a8 1Y)

interface 13 JMA (e dgle i il a3 M) jlad) 2 galdd) system-id s A9 -*
10 = Jwall 13¢2 4aldd) metric 4y -*

IS-IS paiiccall 68 59l (0 Aualdd) Jaaldil) aaLds S8 AN jaY) addicdio -
*- ISO#show clns protocol

I5Af#zhow clns protocol

I5-I5 Router: <Mull Tag>
System Id: 1111.1111.1111.88 I85-Type: level-1-2
Manual area addressies):
4% . 8881
Routing for area addressdes):
4% . 8881
Interfaces supported hy IS5-IS5:
Seriald-s8 — IP
Redistribute:
static <on by defaultl
Diszstance for L2 CLNS routes: 1186
RRR lewvel: none
Generate narrow metrics: level-1-2
Accept narrow metrics: level-1-2
Generate wide metrics: none
Accept wide metrics: none

system-id s 5 Router j4> = dasiicial) gailadl) JS A8l 3 ) guall A WL
JsS 559 0 (e ardiual) interface J) s s area-id 49.0001 s 49, 1111.1111.1111.00
level-1-2 — Router 4 4eiiiy o3 Jevel ¢ simal) 5 39, serial 0/0 s IS-IS
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. JsSsigull B ariiall database (s sisa 3LES S8 AGY jaY) addieiin

*. ISO#show isis database

I1SBfizhow iszis database

I5-I8 Level-1 Link State Databasze:
LEPID LEP Seq Hum LSP Checksum LSP Holdtime ATT P~0L

1568.80-868 =* BxBEBABEEY Bx4DC3 1876 i8-8
I5-I8 Level-2 Link State Databasze:
LEP Seq Hum LSP Checksum LSP Holdtime ATT/P~0L
=* BxBBBABEAY Bx13A2 1839 a8.-.8.-8
IxABBBAEAS Bx7348 1849 a8.-8-8

e ashy CiS g g Lgde Enaat) JUa AN dagal) s LdY) e (o ABiLd) 3 puall (B 2ALES -

‘ level 2 LSP slevel 1 LSP (2 025 (s 5> (i V) LSDB g Router

Aaph ol By (& Jb LSP Aadla (and oy 4DA (e o2l) o)) 525 1 LSP seq num Lyl 2 -*
.hold time 2y, (Audud ad 5 408 pa Lgd) 2adig

s JsSsiguall = daldl) topology KY.Y WA gﬁ Q,JL’A\ JA‘\J‘ pddiaia ¥
*- ISO#show isis topology

[5@#zhow isis topology

I5—1I5% paths to level-1 routers

Bustem Id Mext—Hop Interface SHPA
5@

I5—1I5% paths to level-2 routers
Bustem Id Hetric Mext—Hop Interface SHPA

18 I51 Sed- B *H DLC=

o Al acd glevel 1 2 0ald and | Gaand ) topology aed ol 4) A8l 3 ) guall B aaLES ¥
. Level 2

. routing table . caldd Y1 g8 g al gal) o daladin ady el aal ) AU ¥ %
*. ISO#show clns route

IS@fizhow clns route

Codes: C — connected, 5 — static, d — DecnetIlU
I — ISO-IGRF, i - IS5-I5. e - ES-1I%
B — BGP. h — eBGP-neighbor

C 49.86001 4144 .4444 .1441 .88 [1-8]1, Local IS-I5 MNET
C 4%.88601 [2-8]1. Local IS-IS Area

. JsSsigll 2 4aldl) routing table Adilud) 3 guall B aLES *
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a4l zaigloop back interface 1 and 2 48Lal agiig IS 1 o Jsdall ¥ a ghia %
ip address 172.30.2.1 255.255.255.0 s Ip address 172.30.1.1 2 255.255.255.0

*. IS1(config)#interface loopback 1
*- IS1(config-if)#ip address 172.30.1.1 255.255.255.0
*- IS1(config-if)#ip router isis

*- IS1(config-if)#interface loopback 2
*- IS1(config-if)#ip address 172.30.2.1 255.255.255.0
*- IS1(config-if)#ip router isis

IS-IS JsS 5 JAN interface aladiuly Galdl) 1Y) udi ¥ o) g -

CAgle e Aagli MLEIS TS 1 (o Jsially NI o ghia

[Sifizhow ip route

Codes: C — connected, & — static., R — RIPF. M — mohile, B — BGP
I — EIGRP, EX — EIGRP external, 0 — OS5PF, IA — OS5PF inter area
M1 — 0SPF NSEA external type 1, H2 — OSPF HEE8A external type 2
El1 - 0SPF external type 1, E2 — O0SPF external type 2
i — I5-I%, su — IS-I5 summary,. L1 — IS-IS level-1, L2 — IS-I% level-2
ia — I5-I% inter area, * — candidate default, U — per—user static route
o — ODR, P — periodic downloaded static route

Gateway of last resort iz not set

172.30.8.8-24 iz zsubnetted. 2 subnets
172.38.2.8 is directly connected, Loophack2
172.38.1.8 is directly connected, Loophackl

192.168.1.8-24 iz directly connected,. SerialB-A

. routing table JAl2 loop back interfaces g ai 4d) aad -*
. 4 &aldl) routing table 3Ly IS 0 ) ¥ dic ¥

I18@fzhow ip route

odes: C — connected, & — static, R — RIP. M — mohile, B — BGP
D — EIGRP,. EX - EIGRF external. 0 — 0SPF,. IA — OSPF inter area
M1 — OS5PF M55A external type 1, N2 — OSPF MHS55A external type 2
E1l — OS5PF external type 1, E2 — OS5PF external type 2
i— I§-I%, su - IS-I% summary, L1 — IS-IS level-1. LZ - IS-IS5 level-2
ia — IS-I% inter area, * — candidate default, U - per—user static route
o — ODR, P - periodic downloaded static route

ateway of last resort iz not set

172.30.8_8-24 iz subnetted,. 2 subnets
i L2 172.38.2.8 [115%-28] via 192.168.1.2. SerialB- o
i L2 172.38.1.8 [115%-20]1 via 192.168.1.2. SerialB-Q
192 .168.1.0-24 iz directly connected,. ESerialBf-0

IS-IS =iL2 ¢ 55 &= W3 loop back interfaces () &3 5333 route U3¢k a3 40 35 -
,ﬁﬁ&amwuﬁu@\&:\u&aJLevelz
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sl aadind A TS 1 % A= loop back interface 3 and 4 43Lals a giiv -
: & LS loop back interface 42Lab: » siiv Route summarization

*- IS1(config)#interface loopback 3
*. IS1(config-if)#ip address 172.30.3.1 255.255.255.0
*- IS1(config-if)#ip router isis

*- IS1(config-if)#interface loopback 4

*- IS1(config-if)#ip address 172.30.4.1 255.255.255.0
*- IS1(config-if)#ip router isis

summarization J2 routing table 2Lai SIS 0 J4a Ao A8LSY) 2y () ghia -

Gateway of last resort is not set

172.38.0.8-24 is subnetted,. 4 subnets
i L2 172.38.2.8 [115-28]1 via 192.168.1_.2,. SerialB-d
i L2 172.30.3.8 [115-28]1 via 172.168.1.2. SerialB-f
i L2 172.380.1.8 [115-28]1 via 192.168.1_.2,. SerialB-d
i L2 172.30.4.8 [115-28]1 via 172.168.1.2,. SerialB-d
C 1?22.168.1.8-24 is directly connected, SerialB-sA
158

A& O IS-IS JsSsign cldlae) Jala ¢ dlig route summarization g s oY a siia -
IS 1

*-IS1(config-router)#summary-address 172.30.0.0 255.255.0.0

L) AL AT JsSsi9 0 ¢! 8 route summarization o 4esiiad g3 el (udi 4d) 5 4 ¥
. wild mask ¢ J% sub net mask pidiwd

LAl il SITS 0 ) oY qua ki o

[5BHzhow ip route
C — connected, 8 — static. R — RIP, M — mohile, B - BGP
I — EIGRP, EX — EIGRP external. 0 — OSPF,. IA — OSPF inter area
N1 — O0SPF MWSS5A external type 1, M2 — OSPF HSSA external type 2
El1 — OSPF external type 1. E2 — 0QSPF external type 2
i - IS-I8, su — IS-IS% summary, L1 — IS-IS level-1, L2 — IS-I% level-2

ia — I%-I8 inter area, * — candidate default, U — per—user static route
o — 0DR, P — periodic downloaded static route

ateway of last resort is not set

i L2 172.38_.8.8-16 [115-20]1 via 192_168.1.2, Seriald-@
192.168.1.8-24 iz directly connected, SerialB-B

. e summarization Jes ad 4d) aad -¥*

adiiad dlll e Sl Abaf ) JEI Ladis a9 dre Jalail) S 68 855 l) o) UL L 0¥ i) %
S JS sl 13 pa Jaladl o) daies i) B jgal dae Lgd
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JUall 138 & )aa 3S 45 o) 1 520) Routers 3¢0 3 3 el 038 asiiing Al Jla ) N Jiite %
L QLS e J ¥ 5 el 4 ATiAT ¢ 5l 138 B e AT A3Y
. GNS3 el adiiedu %

49,0001,0000,0000,0002,00 49,0002, 0000, 0000, 0003, 00
S syt *EiSerEI,I'EI,I'EI
®sernjojo
ol 2811 180.160.1.1 2811
IS1 - Level 1-2 IS 2 - Lewel 2
192.168.1.1 180,160,1,2

192.188.1.2

49,0001, 0000, 0000, 0001 .00
2811
IS0 -Levell
loop back 1 - 172.30,1.1 [24
loop back 2 - 172,30.2.1]24
loop back 3 - 172,30,3.1/24

Joaadl (A B3 sa gall ULl aladiads p glice S8 (e Lidgali LaS - %

Router interface Ip address IS-IS NET address
IS0 S0/0 192.168.1.2 49.0001.0000.0000.0001.00
Loop 1 172.30.1.1
Loop 2 172.30.2.1
Loop 3 172.30.3.1

IS1 S0/0 192.168.1.1 49.0001.0000.0000.0002.00
S0/1 180.160.1.1
IS2 S0/0 180.160.1.2 49.0002.0000.0000.0003.00

IS0 level 1. 4l clalaey) audags a5 [SO S Ao Jodally o ghin (¥ %

*.ISO(config)#router isis
*-1S0(config-router)#net 49.0001.0000.0000.0001.00
*-IS0(config-router)#is-type level-1

*.ISO(config)#interface serial 0/0

*-ISO(config-if)#ip address 192.168.1.2 255.255.255.0
*.ISO(config-if)#no shutdown

*-IS0(config-if)#clock rate 9600

*-IS0(config-if)#ip router isis

*-IS0(config-if)#isis circuit-type level-1

LSP £ 5 O 3aay o)) 58 4da L) 5a¥1 1385 ¢ isis circuit type s Ua o) i g i) yaal) ja¥) %
devel 1 s siwall (pa Jadd A Lgaa Jalail) abp Al
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*-ISO(config)#interface loopback 1
*-IS0(config-if)#ip address 172.30.1.1 255.255.255.0
*-IS0(config-if)#ip router isis

*-ISO(config-if)#interface loopback 2
*-IS0(config-if)#ip address 172.30.2.1 255.255.255.0
*-IS0(config-if)#ip router isis

*-ISO(config-if)#interface loopback 3
*-IS0(config-if)#ip address 172.30.3.1 255.255.255.0
*-IS0(config-if)#ip router isis

IS level 1-2 , 4 Lalill cilalacy) auaig IS Lo Joaall aghin oY -

*-IS1(config)#router isis
*-IS1(config-router)#net 49.0001.0000.0000.0002.00
*-1S1(config-router)#is-type level-1-2

*-IS1(config)#interface serial 0/0

*.IS1(config-if)#ip address 192.168.1.1 255.255.255.0
*-IS1(config-if)#clock rate 9600

*.IS1(config-if)#no shutdown

*-1S1(config-if)#ip router isis

*.IS1(config-if)#isis circuit-type level-1

Ji ali 43 circuit & & interface s0/0 &) JiSH W gedahy clalaey) cra glead) 5 52l b -

Abaiall 02 ) 2 (s siunall (1o il s JAI () dala ¥ AT el Lk Jevel 1 (s siuall (0 LSP Sl
1o Y138 pudag o Ad) Bad | 1 (s siall (4 is s 9 area 1 Abkial) A aag ¥ AT &ua

. JsSsigall @lalae) Jala ol g interface

*-IS1(config)#interface serial 0/1

*.IS1(config-if)#ip address 180.160.1.1 255.255.255.0
*-IS1(config-if)#clock rate 9600

*.IS1(config-if)#no shutdown

*-1S1(config-if)#ip router isis

*.IS1(config-if)#isis circuit-type level-2-only

Jaiall interface 43 dldg level 2 only Jila ) JS ps 4d) serial 0/1 iy a3 o5 5 52 RY I P
. Allevel i+ LSP Jglti ) 4ala 3B IS level 2 only (s
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IS 2 level 2 only — IS2 (2 4aldl) clalaey) i g (N o ghica %

*.IS2(config)#router isis
*-IS2(config-router)#net 49.0002.0000.0000.0003.00
*-1S2(config-router)#is-type level-2

*.IS2(config)#interface serial 0/0

*-IS2(config-if)#ip address 180.160.1.2 255.255.255.0
*.IS2(config-if)#clock rate 9600

*-IS2(config-if)#no shutdown

*-1S2(config-if)#ip router isis

*-IS2(config-if)#isis circuit-type level-2-only

. Ul 9351 G ABal) i gi AN ) Y () gty (YT a gl Cilalae ) auda o Liad o) dmy -

Y aladialy oV o ghin ¥
*.show clns route

ns route

connected, § — static, d — DecnetIl
ISO-IGRP, i - IS-I5, e - ES-IS
BGP. b — eBGP-neighhor

.A0HA.AARA.AAA1 .88 [1-81, Local IS-IS5 MET
[2/8]1, Local IS-IS Area

49.0001 A 5 L Jeaial) Aalaial) sany o aubaions ISO O 6 5 -

BYY{IANKEGEPE 0 (| e
*-show ip route

172_30.8_08-24 iz subnetted. 3 subnets
172.38.2.8 is directly connected,. Loophack2
172.380.3.8 iz directly connected,. Loophack3
172.368.1.8 is directly connected, Loophackl

122.168.1.8-24 is directly connected, SerialB-sA

B.A.8.8-8 [115-181 via 192.168.1.1. SerialB- A

level 2-1 s siwal) & Y Y IST Gasb ce default route (2 IS0 (i o Al U ey L
LAY @hlall B4 ) area 0001 4dkais (e 3 gl 7 Al ey g DIS A3 LG

de‘aéilubaﬁﬂu_*
- show isis database

[SB#zhow isis database

[2—1% Level-1 Link State Database:

LEPF Seq Mum LEP Checkszum LEP Holdtime ATT ~P-0L
* BxAABBBEAAR Bx@156 1129 a-8-8
BxBARBAARS Bx?548 79 1-8-8

S FaT 4l 5519 kb Level 1 ¢ fiall (8 gl (s LSDB a3 a3 Adf (555 (0 aoaiand U (30 -
Lid Jg¥) (5 gial) (0 LSP o
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Y aliui g IST ) Gl oY) o ghic ¥
- show clns neighbors

IS8ifizshow clns neighbors

Interface SNFPA State Holdtime Type FProtocol
Sed 1 =HDLC* Up 27 L2 I5-1%
- HD

(e 9 4le G adl) oS jnterface JS Mk ald 43l 9 IS2 and IS0 sr O ebien 431 5 5 LA (pa ¥
L@J\g\é’.\ge\fmgﬂ\ Gl (6 ghna Aaaty S8 pa Liad LaS (bl 100 s interface 1® o Juaia
. interface '& 1

Y aaEiu TST e e Ll ¥
-show ip route

Gateway of last resort is not set

172.38.8.8-24 is subnetted., 3 subnets
i Li 172.30.2.8 [115-28]1 via 192_168.1.2, SerialB- @
i Li 172.368.3.8 [115-28]1 via 192.168.1.2, SerialB-@
i Li 172.30.1.8 [115-28]1 via 192.168.1.2, SerialB- @
192.168.1.8-24 is directly connected, Seriald- @
188.160.0.8-24 is subnetted. 1 subnets
188.1668.1.8 is directly connected, SerialB-1

CRLIST A Juaiy L o< Liad A Joop back interfaces JS Jual a3 IS0 &) s s -*

Y adiiain [ST Ao (e -*
-show isis database

I81#izshow isdis database

Level-1 Link State Database:
LSP Seq Hum LSP Checksum LSP Holdtime ATT ~P-0OL
BxA0000067 Bx@355 8688
= AxBiABonE4 Bx2 740 188
Level-2 Link S%tate Database:
LEP Seq Num LEP Checksum ATTI~P-OL
=* ExHiRBin0n4 BxC57C B8-6./8
BxABBBEBAG Bx33D7 8688

S ssiag i IS Gmia A LSDB caandil B Jevel 2-1 s siall (e 43¥ IST O 58 -*
L hdd 4y (aldl) 6 ghacall cila glaa

hd 2 (5 giwall (s 98 5 IS2 M) (NI JRitie

A aladiiady a gl -
- show isis database

182#zhow isis database

I18-1I5 Level-2 Link State Database:

LEPID LEP Seq Hum LSP Checksum LSP Holdtime ATT/P-0L
151 .08-88 BxPHPEAUERS BxC37D 1834 a8-8.-8
152 .08-88 =* BxPDBADEE6 Bx33D7 524 a8-8-8

evel 2 188 2 ¢ giuall (e A IS2 (2 4aldl) LSDB of s 5 -*
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A aladialy & gl [S2 Ao (e ¥
-show ip route

Gateway of last resort is not set

172.380.0.8-24 is subnetted. 3 subnets
i L2 172.38.2.8 [115-38] via 188.168.1.1, Seriald-d
i L2 172.38.3.8 [115.-38]1 via 188.168.1.1, Seriald-sd
i L2 172.38.1.8 [115-38]1 via 188.168.1.1, Seriald-sa
i L2 192.168.1.8-24 [115-280] via 188.168.1.1,. SerialBd-Ba
180.160.0.8-24 is subnetted. 1 subnets
180.168.1.8 is directly connected. SerialB- A

S24

. TBYIST A= (+ Route JS Jaitiew IS2 o (s 5 Ua ¢pa -

S (e Jo¥) £ 2l (e 450 La )

CCNP

BSCI

IS Ga (AL 5 Jad) (A Al A pLE G g £ ) (B iy g usi o s
QL) #1500 J8 A Mty Ao Al 3 D) &3

psile s mlua (e (A9 83 Of Vs
D) e dana a3 gana
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