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Jani ) Sl ae Jasll 4aseai 23 Routing Protocol ¢! sl e g 5 s Open Shortest Path First (OSPF)
IETF ¢« IGP Jae (338 4aul 5 Internet Protocol (IP) JsS 58 m

i Y A aaiied Shortest Path First (SPF) <y 53 e s [GP asanail 1988 ale b de senall (45
dedal) A Ladd ae i Y 4iliilSs) cssal Routing Information Protocol (RIP) oY OSPF g sial a
Allall (5 sinsa e Lohadind SV S 555 ) el e i

Laa 5 Gdanslisl (it e (5 ging

o skl a5 () A8 58 ol Wl ol Jaadl) 7 site 43 a5 sV Aaal)

leanas aul I blin) the Dijkstra algorithm led) Sl glal Sl s SPF cilie )l s addio 431 430 déal)
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OSPF uaikai -2

Open Standard Protocol -1
skl a6 O AS )l (5] gt J S 55 5 4l ()

OSPF is not a Cisco-proprietary protocol -2

aund CiSCO A4S iy pald Gl ) 2y JS il 1 il 3 dagad) ) (e Ll ol ) 5 aailiad Juadl (4 138
Opinaal) 5 s e @l il o) gl alma e dary Liaf (SY

“O” &S routing table (@ 4 gl Jsil) -3

OSPF is transport layer protocols-4
Layer 4 e Jaxy

Administrative Distance = 110 -5

VLSM support -6
classless routing protocol a=x

‘ Load balancing-7
by default of 4 paths and maximum of 6 paths Jtue (e JiSI JNA e Traffic Jun o) gt

Support Hierarchical design- 8

g5l man il led Joliiarea JS5 Area J) e de saaa I AULONOMOUS System J) s 43l slina 134
Y Leall 5kl ms g Al dpals dllin 5 agin L Update J)

Updates is sent on multicast (224.0.0.5 or 224.0.0.6 / unicast addresses) -9

periodic updates & triggered updates (ue sl a3 g

Al A s Gasy Ladie aadi triggered updates

i) s\l refresh Jas G 30 min JS &y a5 link-state refresh L 43e 3tk s periodic updates
Ledlad] o3 3l &l ) (0 Topology table J) il 13a 5 (Link-state Data base)

IP protocol (s dax-10
AppleTalk s IPX e Jexy ¥

Ospf Use SPF Algorithm To Choose The best Path to any Destination -11

OSPF is Classless Protocol (VLSM) -12
Ripvl <3 13 5 Route information J) # Subnet mask J sadiiug 430 ay 12a

Link-State Routing Protocols -3
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Slé 4de Gaatin )3gdd |ink-State Routing Protocold! g1sil sl Ospf o Lallagg
Lealaad s il Clan e 3815 o gabiiog (i J oS 5l 138 manad J) a8 ) a distance-vector 4 siss o)
Link-State Routing Jw Jead (Al < o< 68 ) pailiad (g

A (8 i Gipaa die Al de ju -
AN B i Gaa ie (triggered updates) (s Suasd Jla ) -
s IS Al & Al bl sl Refresh dee (2% 30 min S (periodic updates) s Cwast Ju ) -

link-state advertisement < s b slily 55 W o b Aima dlin 5 pdaiti Ladie Dlie 20800 3 s (of Cigan die
LSAJ 13 oliey 55, S multicast address e 4 aalall Neighbors J) aees () Ll yas il 13gr Aals (LSA)
Gaaaii Co g haiiAreq J) ells Jala 13 08V 5 Area d) el Jahs 43 Gaalad) Gl il ases M s i 5 Lge A 380 4 5
PRGNS

link-state dJ) cuasiy <l 5o 5l @lli puen o585 &5 o5 Area d) 8 (e e ) deai Cagu 5510 Aalall LSAJ o) agd)
OX7FFF FFFF is5 0x8000 0001 (s Julusia o8, 3355 LSA IS5 s 4alall database (LSDB)

Sl Y I e link-state database (LSDB)  J) sxalie Slisa)

show ip ospf database

b. Sandoze#show ip ggpf database
(=
ol OSPF Router with ID {140,100, 32.10) {Processz ID 10
e,
g Fouter Link States {Arez 3
Link ID A0V Router o= Link count
J. 140,100,37.131° I40.100,317.131 471 1
k. 140,100,1 7,132 140.,100.,1 T+E3E 215 1
m, 1401 2q:1 140,100, 2q:1 505 3 1
n, 140,1 32,10 140,100,32,10 512 EA 3
o. 140,100, 32,11 140,100, 32,11 15 Ox80000008 Ox&RT3 1
. 140,100, 32,12 140,100, 32,12 1135 x3000000 2 0x8E30 1
= 3 y
Age Segs Checksaum
220 0x80000007 O0x3B42
1480 Ox80000002 0x15C9
150 Ox80000004 Ox3TIE

sl sArea (A A @i N aea O gl pandl Ly e o o8 JS aladsaa) 1l Aread) (S < i N asea o DAT inas
w=ll neighbor J Je iz 3 Distance vector J) e —alidy lada 138 5 ASEN S 853 5 gl Ol jlosal) (s Jaal
e Juany jis ) JS ol caliag s Jad) Wi Routing table JI Laié 41 Jus y neighbor J oS Eigrp ) of S35 15 40
SPFJ) @b )l & aladinly cuuliall jluall o8 La ga aay Gl day o8 Cila gleall aaen

aﬁﬂﬂ\ﬁj}“ﬂ\uAAjkbﬁ



Link-State
Database -

h
Algorithm

Routing
Table

SPF Tree
U3 ba s Link-state Database oand <l sacld & Lgaay &l ig 3l aaes o LSAJ) Sis i 33k o aay

iy Destination J) gaes () e pas o8 &3 4l Silay Al S jlsall dilad s sy o 58 SPRJ) Glba )l sa
.Routing table J) 8 4xa s aly g V) Jlsall a5 2 o3 (3 5 SPF Tree

@l waad adaind Bandwidth J) Jie 48l ge Sl glaall aaea 33k 43l 4 Link state protocols J) <l ses e Ll 5
Distance vector protocols ¢ 48s JiSi JS&s Juadl <l bl

Y Baadl G g 48V 400 8 RIP Lieadin) o) Jlie

64K ¢l il aladinl Jimd 13l g Ala sl de ju ) il 5 Hope countd) wles 43 )l aadiis Rip of Baadu

e ospf JI Leadin ) Ll



T3 & ou¥) el sy Copud 48081 (e ALalS 5 ) gum d3al 548

OSPF Terminology -4

OSPF topology

OSPF neighbor table = adjacency database-1

o5y a5 oSl JsS 5w ¢ shens ol Lmd 5 i 5l ge Crlesiial) Neighbors J) geess 4eild Jsaall 138 8 wa o
L) el gl 8 Lgaza je o 5 A

#show ip ospf neighbors  e¥) JDa (e 4wl jeial Sl

Neighbor 60 e ST e is ol (s sing ¥ sy ddasale

OSPF topology table = OSPF topology database = LSDB-2

4,3l iDestination sl Y @l el aes L aasa s

LSDB aledll & 588 (il s LSAJ (six in oshalld i glall (4 de sana (g 0 5Sh (520) laally Jsandl 134 4uii Lo Wailag
Lilall & 5 (OSPF topology table)

LSDBJ! 4lel) & (5585 Al s LSAJ (e g pal 32l 5 Area 2 5 IS5

#show ip ospf database Ul ¥ A (e Lguial yriiasl GBSl

Routing table (forwarding database)-3
Al SDestination Y s Juadl puag ol
#show ip route [ospf] S ¥ JSA (e Ll el Sl

OSPF Area Structure

Jaany 4l Ja 33l L Galad) @ yiall 4 gune &l jlasall 4l Jucai 0 & 4030 j0a e ading ¥ OSPF Router J) ol alas LS
llgind bl o3 o bl s SPEJI Cilia 5l 53 alakiady Loy sk o5 3800l Al il 5 ol jlasal) e e
Dhginl ana 3l ) andally g cililuall dae 13 WS &l 65l aae 213 WS b g lbad) gy 2L g il (0 6 a0

Clloall 3 58 G ol L Al g 5 ) 350 8 S il e S e lia IS 1) Glluall aaa (e JadS ) e )
el Ol 13)



Qa5 ) 5o g 138 5 (5 Y (e Updated! dalesy At dihie JS Cuny (3halin de gana ) 408 apdi 3 S Jal
S dS B ablall dlee

Aread! (s (e 5 llia

Lyl U (585 LY 13l Area J)eda JMA (s IP Packets J) JWl de ju s 48iad of casg e aals : Transit area -1
Backbone Area J) sl Area0 e Area J) o o Gl Lo Laily 5 4030 853 52 sall Area J) de sane (o

Op Jal dase 0 5S5 G A e Jeai ¥ s sl ke L3l 33 a5 - Regular area or nonbackbone area-2

s AY Area J) S el s o5 Transit areas Yl sai o s Regular areaw Juwais of 21 1315 Area J)

Area J! e 4 ala

Area 0« U ,ile nonbackbone aread! Juaii off casy
3as) 3 Area QCUSJJ‘T\;.J LSAJI &l 5,0 & jlam S
aa G..aﬁi

Area J) asede a6l 5 ) pua

Autonomous System <! Area JI



OSPF Router Types

OSPF JsS 5w Jasi (Al 45081 (8 poda s (M) paa 5 (o <l i gl Clane (alias

Backbone Area 0

Area 1 Area 2
ABR and

Backbone
Router

Backbone/
Internal Routers

Internal

Internal
Routers

c_ ABR and
ackbone L xternal " Backbone
Router utonomous Router

R

sasl5 Area & interfaces J g 203 s sl Sxas: Internal routers-1

Backbone Areadl: ilaic 3aa) sinterface e JiY) e s 5isy s is ) s 51 Backbone routers-2

4d Summarization J) aladivl (Sed) e s Area (eSS deaiddl jis 0l s 50 Area border routers-3
(Autonomous System s ji A<y Juaidl 3550 98 52 Autonomous System Boundary Routers-4
route J JMA (e Ospfd) z & 3« Network Information Jéds oSl g dalalall A<l allas) ) AdbaYU( s ols
as il S e BSCIJI & #385a ¢ 3 138 5 redistribution

OSPF Metric -5

; EIGRP JS 552 0 1S Jend OSPFJ) (4 Metricd) s 34, )k
Destination ¥ 41 jus duadl Clua 8 cOStL (oo Lo o oubial S50 J5S 5001 138 ey
Costd! <ael cas (SY 5 65535 A1 cmal) 25
cost= 10000 0000/bandwith in bps(in interface)
Al dapa
100,000, 000 Bps
LinkSpeed

Cost= 108/BW of interface

Cost =

interface J e oY) 138 J3A (e Cost JI s clilSaly
ip ospf cost
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Ethernet =10MB ety Juai¥) (i G Alas ot o)) 2 3 <l Jlia

Ethernet
@ 10Mb s

— R
A REBE
192.168,1.2 192.168.1.3

Gluall 8 ) kb el

Bitdl de yud) (ubia Jaai i W)

Jia

Cost=10000 0000/10000 000=10

YIS Claall 50 sMB Guliill 8aa 5 0585 a 10° 121000000 ansii oSY MBUJL 58 s Gulll Jaas &l
100000000/1000000=100

Cost=100/10=10

10 = Gkl il G Juai¥l o230 53l Cost J) e 13)

SPFJI oy oS 4 yaal S8 (3 ks Oluaall 48 jlal e Jla _S33 0 Ji

Link-State Database Shortest Paths
¥ it
Dijkstra's (SPF) @
Algarithm N |
— @' ®
v My .
»n ® © @
Adjacency Database Forwarding Database
(Meighbors of X: A, B, C, and D) (Routing Table)

aeal Base Gl jlue e (6 giag a3l s X 2alall Topology Table J @l i g jlosll e (g3 an 1) 4

i Ethernet (10MB) s 4Su8ll 353 g sall SOl aas 3 253 sall Juai¥) ¢ 3 4081 33253 54l Destination J!
J cala jlaall jial s Destination JS Aalal) < el 4ul ja SPF a8 458l of jal (e ¢ Ja JS 4 Cost=10
Routing Tabled) & <l jusall &lli Juadl puzas 5 F-G-H (o A @l jlasall JuadY Lalada s i Cost

13) Wi 85 Aeall () o lall (ha leay (3l COSEU) (Man) aan o 4l iy (S) 35 JS5 COSE) Glsn oy 1 dals ddasale
10+10+10=30 s sty <iss X-C-E-H Jbosall A (30 (5585 53 s X&H (s COSJ) s Ui

0 Lead CoStd) 5% U pilaa lae dleaiall 2808l : (a0 A sale

192.168.1.0 .
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og;, RA o
S 2o
"'-\:-.___e.a—-.?
RC
o
ol i3 0
JO '.'lf
e ,,'J
RE
' e
" O?lf L -1,"
I'S,?l ! —_— *l.. >
f—
—
128.5.2.1

O Jase 13215 128.5.2.1 ) dsma sl s Jumil sy of 4 2 RA
RA-RB-RE-128.5.2.1 sl Y
Cost=10+10+15=35

RA-RC-RD-128.5.2.1 bl Lils
Cost=5+15+64=84

Costd) & J8) 43Y Juad) jlsadl s JsV1 jlsall () 5 13

Default Cost List

LSA Operation -6

Databased! asex 58 82 52 50 LSAJ (e 43 Ja1 of (lanal andins <l yiie ¢ Je (55383 LSA JS

Sequencing, Checksums, and Aging & <l e G0

LSA sl Liy Lexie OX7FFFFFFF xic e s 0X80000001 (1« Iaw 32Bit pasives LuSiells 10 o35 54 1 Sequencing-1

13 5 235 Sequence number 4dsx; LSA (-3 of 3 LIS 5 sequence number 4

flush (sas Le Jaad zliny Al 038 3 OXTFFFFFFF o3 A1 Y deay in Seq Num— LSA Suyp il Ja g 13l
e alad isu) MaxAge e Age el a5y g Gl dady Cog oS 8V 5 Gl ae | 8 S (e Old LSAJ) g
& o5 MaxAge <usba LSAJ o3g Aread) (8 (e gaen alay (i agd) s () sha o Ol san s 43 as () Jus o5 (B

0x80000001 a8 b 23 Seq Nume LSAJ suaall Aladl Juu sl 555l o 58 o5
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Age J) Jaa hae LSAJ) Jsia pea e Checksumd) alazy o sy 430 4 W) e st (1 :checksum-2

leabay LSA iyl (i ladie (Aelu 323 3600) 3600 0 (0 s2al) 5 S 58b LSA Jl ee za g Jisll 1281 Age-3
idec () LSAJ 138 Cise Jin 138 (158 3600 ) sl Jems eie s (Flooding) olosal) S 4l L o sis o5 Age 0

e Ji Al ae) 8 sl refresh ke 233y MaxAged) I LSAJ) J s s paad 48 5 3925 (e 0¥ S5 flushed
LSAJ “ulbRefresh J) dalee iy il 4883 30 US link-state refresh 4lee J3a e @l S5 LSAJ) e delas
Al A o3 (L4l i e LSAJ) o3 G (s 3l i Jlu s il o8 62 Ji5 )l o582 30min el ) e e s
LSAJ e daadll

U ) OYA (e ) i GO Baa L LIS

Manet#show ip ospf database

OSPF Router with ID (192.168.30.43) (Process ID 1)

Router Link States (Area 3)

Link ID ADV Router Age Seg# Checksum Link Count
192.168.30.13 192.168.30.13 910 O0Ox80000F29 OxA94E 2
192.168.30.23 192.168.30.23 1334 O0x80000F55 0x8D53 3
192.168.30.30 192.168.30.30 327 O0x800011CA 0x523 8
192.168.30.33 192.168.30.33 70 Ox80000AF4 0x94DD 3

Multiple instances of the same LSA

LSASJ) (3 4e sane 5l 32al s LSA Jany of (Sadll (10 LSUJIs Link-State Update (LSU) packet sl Juiul xic
Al e LAl el ¢ &

link-state Jw s LSDBJ) (4 lera g0 a iy o yig 0l 0 LSDBJ) (2 LSAJ a3 llia an g1 0l 13) -1

Dl lae 48l s jes A LSAD) dusn s Sliball Jead SPRJ) ity o 681 5 Ju yal) ) acknowledgment (LSAck)
split-horizon J! ae) 8 (e 038 4ia aliv) (g2

S Seq Num 2 dasiwal) (S 5ld Seqg Num J sl ol LSDBJ! (2 J=dll 53 5 50 LSAJ) o2 (i llia (IS 51 -2
SPFJ! dﬂm:ge};%}s)t;‘;:\ LSAck Ju s daadll Ju L SAJ oda J;Lu}.m gl old bl Sx_lﬁ‘;éf,a};}d\ e
4l pa e A LSAJ) dus s liladl Jaal

Lol Al LSAJ) Gancaia s pall () LSU Jus s g 1 ol Slld) 3ac B 60 s gl (0 JB) Seqg Numd) 1S 13) 5 -3

LSAJ! 3¢z Lalall e slaall af 4 il e @llls Jy 58) Seq Num &l LSAJ! o Ll i sale

OSPF Packet Types-7
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= _ CI"J:‘QJ" O BNl Ausldl 3 el 0 ) e
@ Hello
: ' JS sl £ ja chuagl Juu 2
2 Database Description &l gl sy LSDB
J P Sl e g s
3 Link-State Request els Jowaald) mma g el AILSA
f LSA & s sal
s &5 gadma g
5 Link-State Acknowledgement - deallich ol sl goi) pobal i s

OSPF Packet Header Format

ospf Packetd) dua 2 s3a

OSPF Packet
Authen-

Packet Check- Ginmei. Authen-
Router ID Area ID gy hﬁgzn tication D3t

Length

OV O sl o2 Ay pxit i g

IPV6 Ja¥ alac &3 Gl jlaa¥) 2, 3 aa s o jlaa) @l :Version Number

bl ¢ 591 el 5e Packet 13 ¢ 55 1 Type

Packetd! o2 Jsk :Packet length

OF iy ¥ 5 A8l (8 <l ig 5 A e Jalatll (i 5l () Ca el sl 4 Router IDJ) 45 U 5 :Router 1D
‘;ﬁ“ A e o liial als ipvd Lapa (a1 32Bit (e OsShs Aread) ol (B s e )SSY 6‘5‘)” la ) S
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T aY) 138 (iSs ol g 13l oSY (config-if)# router-id <ip address> e (s U yilue 43S A (ge-1
OS5 el 13k s oopback interface J ¢ le o ek loopback ip address el Juis) e - 2

d jis, Sphysical interface e 25n 50 ip el alasind 2iw-3
packetd) e il SIArea J) ad ) a5 4y s :Area 1D
Jawy) +LEI0spf Packet J ke ¢igaa aae e Ul o 55 :Checksum
MD5 ciclear Text ss Ja aadiue (IS 55 Y ol axdiue il ollia (IS 13 o= sl :Authentication type
Authentication alasiu) s 205 :Authentication
Y e Wghua auliy :Data
Ol pe dlaslae e (s siaiu thello packet s
438 5 Router_idJdb Acid e (g sindg Juyall 55l gl 335 5all LSDBJ) (e oy padke peuaiin: DBD packet s
4 slhaall L SUJ) (eaaiinz L SR packet s
saal5 oo ST gl e2al 5 LSA (s 5ine e (5 siaiu: L SU packet o
de Ja o Sin L SAck packet s

OSPF Network Types -8
OSPFJ Wale Juar ",.‘m LAY e &,.uui &‘Jsi EM dlaie

Point-to-point networks

t
t
W
i

DRoOr &5 ¥s HDLC & PPP Lea (5l 5S 55 bl J& (8 aadiud g (n fig) O S (b O 055 (A
e dalaill L ip multicast 224.0.0.5 o) siall axaius Hello Packetd) gaen s EaY agie s i 3165 Y BDR
ubx,d\ R

SONET link 1l sT1, DS-3, :dac sill o3¢ dlial

Broadcast Multiaccess (BMA) networks

RV

o @

8 35m Juadl gy DR, BDR dus (5555 Multicastd) s L i Broadcast Jis (A9 e ST om 0SS
AN A e e A Al Ju 55 0l Saal) (e il BMAJ
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IP Multicast 224.0.0.5 ~22iu3 Hello Packet

IP Multicast 224.0.0.6 ~233.0ther OSPF Packet

Ethernet sl S, Ethernet, Token Ring, and FDDI lgitial (e
Nonbroadcast Multiaccess (NBMA) networks

ﬁi X.25 iﬁ

Frame Relay
Broadcast Jae e 5580 Led ud (SY 5 cp s e ST e (s giad O Saall (g ) il oa
unicast 0 sSiwOSPF packets g oY 4.8 3 Neighborsd! 48 =« Routerd) gkivd 4ala Configurationd zlisiv 13¢]
X.25, Frame Relay, and ATM : kil (e

Designated Routers (DR)& Backup Designated Routers(BDR)

JS asls LSAJ st ghats Ladie Multi-access ¢ oandl agudany (plaatia cp sig) (s ST o o giad AN cluld) 8
£¢ A0)) 03 (b addidi G g A1) L SAJ) 355 e JiiS A0 B agll pa s ) LSA Jlesls Sisy
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D,B,C.E Y i A
AD,CE ) JdurasuB
ABDE Y JdurasC
A, B,CE ) JdurasuD
AB,CD J Junas E

gbe.ﬂ\ s dun o e Ol e s IS e Update(LSA)J) pdind dinge 5% S5, L) oy Of AY (S agl)
13) &Lﬁﬂ;\ gy s il Jiaa) 13gd S o) aY OS5 DR Adde Ll Jiadl 1 5 LSAJ! interfaced) s e (paal sidl)
BDR olisas) 138 5 Adida gll 038 (50535 43 Y Jery DR Jhae iaa b

Area 8 0S5 G O sl e ey &y ki BDRJ 5l DR J) ) ca s Y Hello Packetd) 1as dage 4k sale

chb
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et o
A _ U
(DR)

E
- n . 7
. 5
o
(DR)

¢ DR&BDRUJ! ksl &5y as
Y LaaY) S5

BDR 058 Casms 531 58 4aly (5315 DR (0588 Casms A 4 prriority 4ed & SV interfaced) -1

Priorityd Sbal s L cuh
Cisco &l yis)y e 83 ga gall interfacesd! gz 255 Y 0 o+ Ranged) s 8-hit (e 055« 68 92 Priorityd)
e Jexi interface ol e ip ospf priority se¥) dDa (e o s il s by Default=1 s st priority J)
multi-access

doga 4 sala

BDR sl DR 0588 o d4ai je 055 interfaced) s2 of s @l (& 0 e priorityd) el i 4 (a

45 S DR is N 1a b Glinterfaces JI ases 05S5 OF DR 0 sy 8 interface JI osSs of s oad (b

Topologyd)! s2a e alladllinterface J ¢« DRJ) gl i Al

el ) aiw Al o i Default=1J) e culS Lgapen 4030 28 e dlladlinterfaces J) S cuilS 5l 13l cada-2
OSPF Packet Types w+? g Router IDJ) Jlial ob S 48 12l BDR 54 42l 53l DR o553 Router ID
G 252 sall e Lol Priority 41 sRouter eds s 48l 8 DR&BDR LA (e sleiill ai 13) Caany 13Le-3
1111¢¢ DR&BDRJ!
e Al aliny g SGE BDRJ) 8 DRJ) s 5 (in s seall 8 o2a) 55 e Lin lAEY) o d8iadla 1] 6o aany )
13%a s BDRJ! olilasil AWl & (5l g oamy

J) e (5 sbi swat timer e sl Sl Y o) Jeadl (e (a8 55 DR Ja Sk S diira 4310 ) 30 BDRJ) ka4
RouterDeadlnterval
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Neighbor Adjacencies -9
OSPF JsSsin (2 il S ¢ Jual sl clBMle Aald) dples gf Ul dples (oo Gt o go Az Jal) o2 A

s leHello Packet Jw b o siiu OspfJl lede d=is interface JS Jis,ll (le OSPRJ) daadl aie 5 4ol (8
Y e s siai s Multicast 224.0.0.5

o

Y

Router ID

afadfgdfotg Hello and dead Intervals*
3456867623 | Neighbors

' Area ID*

Router priority

Hello DR IP address
Authentication password”®
Stub area flag*

* Entry must match on neighboring routers

e S ST Baae Clasles e (s 51t Ligh EIGRP (b 8253 sall (e alias LaHello Packet J) s
Eigrp Hello Packet
leans 7 i ae Packetd) (2 53 g sall Gl glaall g UL (m yriad Cogu
aeie Cuasll Gus Area ID &Router 1D
:Hello and dead intervals
ilSaly g A1 ) Aud ¢ 5 ge ilids g Hello Packetd) dbs ) J i o ylain 3l < o) s :Hello interval
ip ospf hello-interval Il e ¥) 3US JSA (e o s
Dl 13 sb o U8 caee s (ePacket (s Jusial oo il e ki g3 <E ) sa i The dead interval
DA (e b s i€ sHello Interval J) <d s Cilaal day i o 5S35 L Wila s neighbor Table J ¢ (declaring)
ip ospf dead-interval 5Y! ;Y
Y < by Default < sl s
the default hello interval is 10 seconds :0On broadcast OSPF networks
The default dead interval is 40 seconds
the default hello interval is 30 seconds :On nonbroadcast networks
The default dead interval is 120 seconds

Ol _sall (e 4alE :Neighbors

interfaced! o3¢ u=&) Router Priority J) J=_» :Router Priority

DR ipd' J«_» :DR IP Address

Passwordd) g o sS jlii o e cpis ) Gl caaa s s Authentication Password
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Ay Cis a sl e ) 5 iBackbone Area s Ja interfaced! »3 L & il Aread ¢ 5:Stub Area Flag
Areasd! oe duaall die Lgie duaal)
OSPFJ) & Neighbors cesiash ¢S of g s

area ID.o 315858 of oy -1

hello & dead intervals. aed (i agzl () <5 o) 2y -2

authentication passwordo ael o5 ¢ -3
Stub area flag.o 2 ) 558 o) -4

Exchanging and Synchronizing LSDBs

JWsYI s je J) doad o ) 530 Je OSPEJ) dardty leasi (f A <l i sl oy A8l e o oY)

A8 A s je Y

ﬁ 172.46.54/24  172.16.5.2124 ﬁ
Ll EQ E1 WL

Down State

Hella | am router ID 172.16.5.1, and | see no one. > to224.0.0.5
Init State

"~ RouterB
Neighbors List
172.16.5.1/24, Int E1 _

Unicast to A < | am router ID 172.16.5.2, and | see no one. Hello

Router A
Neighbors List
172.16.5.2/24, Int E0

| Two-Way State |

Down , init , Two-Way 4t dal j &30 Interface J) e

Hello Packet (sl alies ol yis )V i 4oy A 3le Al all 038 55 :Down
“Multicast 224.0.0.5 #lx33ul Point to pointd s BMAJ) iSai 8 Hello Packetd) dw i
Vsl (B du ol 555,00 a8 5 Unicast 2l s cpe il IS & ok s Unicast w8 NBMAJ! & W

A o= Hello Packetd) <uliv! directly connectedilaiall <l i s ) asea (5S35 Ladie nit

(directly connectedilasiall <l i s )ll) aed Jusl 3 (10 Hello Packetd) A Jivg Lexic 238 5 :2-Way
neighbor tabled) (2 agxas alis

Jls ) aly 4ild o i) 25 38 IS 13 el ey il 8 (S5 a1 3 BDRJ) ) DR Jia) b of sy BMAD) il Al
Hello Packetd) JMa (ye ailily
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Discovering the Network Routes Lt

boea &bl e Sl slaall 48 j2a I 35 1) zUisy BMA lSes 4 BDRJ) s DRJ) il aa

EO EOQ
172.16.51 172.16.5.3

| Exstart State |

pep | will start exchange because | have router ID 172.16.5.1 -

No, | will start exchange because | have a higher router ID. | pBD

| Exchange State |

Here is a summary of my LSDB. DED

DBD Here is a summary of my LSDB. L

Ol e

Slave ¢ sSes (s Master osSes 3 jis il g e s g Sl AW a5 Exstart State o 5y )

¥ 51 DBD Packetd) s AT (sinay 51 Y 51 Joily ey s e gl

Y 5l DR 43S laill (ass Router 1D (et al 053 g (s2) 58 Master ¢S <bgm s2l) 5is )l JLia) ol

@l oals A B AV Ol i ) 0e 5355 US5aea 00 DR,BDRUJ! o JLill idle jeanti BMA ClSud 3 3k sale
Sl e Sis

V4 A LSDBJ! ¢e padle Ju s Masterd) leau Masterd s (» waa3 23 Exchange State 460 Al
Masterd! I LSDBJ! 8 4l L (e il Jls L Slaved) Lyl a 6 5 Slaved)
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EQ EO
172.16.5.1 172.16.5.3

LSAck_. % Thanks for the information! » [ SAck

[Loading State|

LSR I need the complete entry for network 172.16.6.0/24.

Y

Here is the entry for network 172.16.6.0/24 LSU

-

LSAck . Thanks for the information!

Y

| Full State |

sLaal & & 5 DBD Packet J! sis @l ey of 22

Loading State L Aall aul s DBD Packet 4 dus i g2 55 0 Y LSACK Jusn Yl

LSR a4l il saclal) b ooy ol 6l ¢ L8 5 0aie 33 53 sall LSDBJL 4l Joa s GAUILSDB JI padle o )l Ll
lealing Al LSAJ) et alhay

28 b5 LSDBJ) 8 iy ai Lglla i) LSAI 4e sane 5l LSAJ s LSU Packetd) DRJ) 4l Ju s of 22 GG
Full Stated) s ) 5550 Joa g 28 (< Al

s yall lgea s Y Traffic OV oS a23ius o apking i FuIIStated\ﬁa)agjabi;}\&a‘idea:fd:'uala
LSDBJ! (& Gl jlaall paas Camia 5 08 & i) ll eas ) S22 Full State

Maintaining Routing Information

ol 138 aa OSPRJ < 55 ) delains oS A0 (8 a8 gaas die dglae Al (yia s Lae Jlas

®"":-'~ -
s

——
| LSU

D
. e "/i/' | need to update
my routing table.

@ [0 -

2 o

Link-State Change -~ o~

X l"'*?/ Cel®
A LSU

» Router A Notifies All OSPF DRs on 224.0.0.6 X
« DR Notifies Others on 224.0.0.5

ol Down s o) Jia A pa cBlagll g gaa) (B et G Allat) oda B
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Y Chany i gud

Y IP Multicast 224.0.0.6 e Jusill Ll SA e 53 SU Packet Ay A sy Juy sl Eigan aie -]
el G L SAS (e SSI e LSUJ s siad 38 DR&BDR U YY) 4alivg

Al b dma (S il &)y 0 36 Y (Flooding LSU) LSUJ! Jls i asis a3 Ack DRU) Qs a2 2l -2
224.0.0.5 Ol sic e DR dus s sl slaic

DRJ ! LSAck Packet Ju i LSUJ) caalin Al &l i g 5 Ju 3 -3

il paa ) LSUD o238 Jls s a sy B yis) Al Allal) 85 (s AT dSuiy Juae jigy 8 54

Lo P bl Jeal SPRJI Jiity & i 5 )l a 85 LSDBJ) (8 suaall LSUJ) goag 2225

Configuring OSPF Routing -10

Configuring Basic OSPF Routing

; (config)# router ospf <process id>
AVl gl edai W g s il V) Lgie alay Y A0a0 aludl ) 55l andi GBS Jie 128 5 1-65535=Process id
(Just in local Router)

(config-router)# network ip-addr“ess wildcard-mask area area-id
OSPFJ) (raa (1585 o) @ sthaall interfaced) (A8 8asa gall 4<ul) o) o3 1 network ip-address

Bits Js 0 i (s skus 4<uil) Aalall Wildcardd) & Bits J) ¢SY Net mask Ju 4xé s 5 :wildcard-mask
Jie 1 sl 5 sbus Hostsdb dalal)

Network ID = 172.16.0.0

Netmask = 255.255.0.0

Wildcard mask = 0.0.255.255

Netmask by bits = 11111111.11111111.00000000. 00000000
Wildcard Mask = pOOOOQO0.00000000.11111111.11111111
Backboned & Area 0J) o)l alad <l L s Area J) o) sie 4US o5 2 area-id

Leleospf J) dae 2yl interface J) le V) 138 LS 6 el 5Y) o2 IS Laial (Saa
Router(config-if)# ip ospf process-id area area-id

Configuring a Router ID

4l Configuration Jl Jee 3,k Jstitiw (Y15 R IDJ) oo Wl Wi eyl

Sl Y1 3 ¢lidas Physical interface s'Loopback interface Y ¢ salll (5 cludiy RIDJI 2as3 of < i 13)
(config-router)# router-id <ip address>

loopback interfaced! alasiul i

(config)# int loopback 0

(config-if)# ip address ip mask

‘ ‘ ; Router#clear ip ospf process
il 4ilanl S aaall aladio) Kb ) 138 aad il sl o A1 53 RIDJ) geasal Sll3
. router priorityJ) wasil

(config)# int e0/0

(config-if)# ip ospf priority <no.>

Costd) Ly
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1- (config-if)# ip ospf cost <no.>
2- (config-if)# bandwidth <no. in kbps>
3- (config-router)# ospf auto-cost reference-bandwidth <no.>

Gl gil) Jasal

(config-router)# timer spf <spf delay time> <spf hold time>
(config-if)# ip ospf hello-interval <no. in sec>

(config-if)# ip ospf dead-interval <no. in sec>

a5 Destination J lealadin (Saall (e (Al <l jlsall 2ae paail
(config-router)# maximum-paths <no.>

Show commands

Al &Y S 639 0l a sal :show ip protocols
OSPF JsS 55w daldll &l jludll :a 21:show ip route ospf

RouterA#show ip route ospf

10.0.0.0/8 is variably subnetted, 3 subnets, 2 masks
O 1021.024 [110/782] via 10.64.0.2, 00:03:05, FastEthemetl/D
FRoutera#

OSPFJ! e Jaas Al interfaced) o=_~! :show ip ospf interfac

D

RouterA#show ip ospf interface fastEthernet 0/0
FastEthemet0/0 is up, line protocol is up
Intemet Address 10.64.0.1/24, Area 0
Process ID 1, Router ID 10.64.0.1, Metwork Type BROADCAST, Cost 1
Transmit Delay is 1 sec, State DROTHER, Priority 0
Cesignated Router (ID) 10.64.0.2, Interface address 10.64.0.2
Mo backup designated router on this network
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
oob-resync timeout 40
Hello due in 00:00:04
Supports Link-local Signaling (LLS)
Index 1/, flood queue length O
Mext 0x0i{0 ¥ 0x0{0)
Last flood scan lengthis 1, maximum is 4
Last flood scan time is 0 msec, maximum is 4 msec
Meighbor Count is 1, Adjacent neighbor count is 1
Adjacent with neighbor 10.64.02 (Designated Router)
Suppress hello for 0 neighboris)

LSA ¢e daslaa s OSPF Timer sRouter 1d Jie Sl slae &l 525 :show ip ospf

Neighbord ce <ilaslas cUacy :show ip ospf neighbor
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RouterB#show ip ospf neighbor

Meighbor I Pri State Dead Time Address Interface
106401 0 FULLDRCTHER 00:00:30 10.64.0.1 FastEthernet0/0
102151 0 FULLS -~ 00:00:34 10.2.1.1 Serall/0/1

Siadi HiST < SY agan <) show ip ospf neighbor detail

RouterB#show ip ospf neighbor detail
Meighbor 10.64.0.1, interface address 10.64.0.1
In the area 0 via interface FastEthemet(/D
Meighbor priority is 0, Stateis FULL, 16 state changes
CRis1064.0.2 BDR is 0.0.0.0
Options is 0x52
LLS Options is 0x1 (LR)
Dead timer due in 00:00:35
Meighbor is up for 00:07:14
Index 2/2, retransmission gueue length 0, number of retransmission 0
First 0x0(0)0x0(0) Mext Ox0(0)0x0(0)
Last retransmission scan lengthis 0, maximum is 0
Last retransmission scantimeis 0 msec, maximum is 0 msec
Meighbor 10.2.1.1, interface address 10.2.1.1
In the area 1 via interface Serial0/D/1
Meighbor pricrity is O, Stateis FULL, 6 state changes
CRis 0.0.0.0 BDRis 0.0.0.0
Options is 0x52
LLS Options is Ox1 (LR)
Dead timer due in 00:00:38
Meighbor is up for 00:01:50
Index 1/1, retransmission gueue length 0, number of retransmission 1
First 0x0{0)/0x0{0) Mext 0x0{0)0x0{0)
Last retransmission scan lengthis 1, maximum is 1
Last retransmission scan time is 0 msec, maximum is 0 msec

OSPFJ &aat Al cilleall aaes e gl e (a2l 2 debug ip ospf events

Ri#debug ip ospf events

OSPF events debugging is on

*Apr 27 11:47:00.842: OSPF: Rov hellofrom 10.0.0.12 area 1 from Serial0/0/1 10.1.0.2
“Apr 27 11:47:00.942: OSPF: End of hello processing

Router#clear ip route *

Routing Tabled! (4 53 s sall il jlusall pas sl
Router#clear ip route A.B.C.D

O s zeaal
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OSPF Router Authentication

2 OSPFJ! 4 0585 ol (Saall (50 Authentication o cre 55 <lia
3 jidia Cand 355 by pladiul sl Clear Text-1

MD5 iy s 4l plaaiul :MD5-2

o RS gl At ase (Sadl) (3

Configuring OSPF Password Authentication
Clear text password
Router(config-if)# ip ospf authentication-key password

MD5 password

Router(config-if)#ip ospf message-digest-key key-id md5 key
255 A1 1 o 68 key-id

16 byte i+ SIAlphanumeric <5~ (0w 55 :Key

Authenticationd!) Ja=sil

Clear txt !

Router(config-if)# ip ospf authentication

MD5 !

Router(config-if)#ip ospf authentication message-digest
Authenticationd! das < 55 ojf @ i 13)

Router(config-if)#ip ospf authentication null

Y Y A e LA Ul (6 siase o il Jae (Saa

Router(config-router)# area area-id authentication [message-digest]
Troubleshooting Simple Password Authentication
debug ip ospf adj s Troubleshootingd) e (8 Aeadiuall ) s¥) a8 (1

Successful Simple Password Authentication Example
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“Apr2d 18:41:51.242: OSPF: Interface Senall/0/1 going Up

“Apr 20 18:41:51.742: OSPF: Build router LSA forarea 0, routar D 10.1.1.1, seq 0xB0000013

Apr20 18:41:52 242 %RLINEPROTO-5-UPDOWN: Line protocol on Interdface Sedall/0/1, changed
siate to up

*Apr20 18:42:01 250 OSPF: 2 Way Communication to 10.2.2.2 on Seriall0/1, state 2WAY

“Apr20 18:42:01.250: OSPF: Send DBD to 10.22.2 an Serialy0/1 zeq O0xGBE opt 0x52 flag
0x7 len 32

“Apr20 18:42:01.262: OSPF: Rov DBD from 10.2.2.2 on Senall/0/1 seq 0x23ED optlx52 flag
Ox7 len 32 mtu 1500 state EXSTART

“Apr2d 18:42:01.262: OSPF: NBR Megatiation Done. We are the SLAVE

“Apr20 18:42:01.262: OBPF: Send DBD to 10.2.2.2 on Seriall0/1 seq 0x23ED opt 0x62 flag
O0x2 lan T2

“Apr 20 18:42:01.284: OSPF: Rov DBD from 10.2.2.2 on Senall/0/1 seq 0x23EE optlx52 flag
0x3 len 72 mtu 1500 state EXCHANGE

“Apr20 18:42:01.284: OSPF: Send DBD to 10.22.2 on Seriall0/1 seq 0x23EE opt 0x52 flag
Q00 len 32

“Apr20 18:42:01.284: OSPF: Database request to 10.2.2.2

“Apr 20 18:42:01.284: OSPF: sent LS REC packet o 182.168.1.102, length 12

“Apr20 18:42:01.314: OSPF: Rev DBD from 10.2.2.2 on Senall/0/1 seq Ox23EF optlxb2 flag
%1 len 32 mtu 1500 state EXCHANGE

“Apr 20 18:42:01.314: O3PF: Exchange Done with 10.2.2.2 on Seriall/0/1

“Apr20 18:42:01 314 OSPF: Sand DBD to0 10.22 7 on Serial¥0/1 seq 0xZ3EF opt 0x52 flag
0x0 lan 32

TApr 20 18:42:01.326: OSPF: Synchronized with 10.2.2.2 on Serialli/1, state FULL

Apr20 18:42:01.330: BWOSPF-5-ADJCHG: Process 10, Mbr 10.2.2 2 on Seriall/0/1 from LOADING
o FULL, Loading Dana

“Apr 20 18:42:01.830: OSPF: Build router LSA for area 0, router 1D 10.1.1.1, seq OxBO000014

G&i&}hﬂcd&}

R1#
“Apr 17 18:51:31.242: OSPF: Rov pkt from 182.168.1.102, SenallidM : Mismatch
Authentication type. Input packet specified type 0, we usa type 1

R2%
“Apr 17 18:50:43.046: OSPF: Rev pkt fram 182 168.1.101, SanallidM @ Mismatzh
Authantication type. Input packet specified type 1, we usa type O

YL Baal I e 539 Authd gl GO el

Null— Type O
Simple password— Type 1
MD5— Type 2

has cllysle] jo clile cand
Verifying MD5 Authentication

Neighbor tabled! ;2 Neighbord 25 5 (e sl sl s Liad dagall ol Y1 (1
show ip ospf neighbor

Successful MD5 Authentication Example
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*Apr 200 17:13:56 530
*Apr20 17:13:56 530
“Apr 20 17:13:56 530
*Apr 20 17:13:57.030:
*Apr20 171357 530!
state to up
*Apr20 17:14:06.530:
*Apr20 171406 546
“Apr20 17:14:06 546:
Ox7 len 32
“Apr20 17:14:06.546:
“Apr 20 171406 562

“Apr20 171406 562

“Apr20 17:14:06.562:
0x2 lan 72

“Apr 20 17:14:06 562

“Apr 20 17:14:06.602:

“Apr 20 17:14:06.602:
0x0 lan 32
“Apr20 17:14:06 602:
*Apr20 17:14:06.602:
*Apr20 17:14:06.602:
“Apr 20 17:14:06.602:
“Apr20 171406 614
“Apr 20 17:14:06.634:

“Apr 20 17:14:06 634

“Apr 20 17:14:06.634:
Ol len 32

Apr20 17:14:06.634:

Ri1#dabug ip ospf adj
OSPF adjacancy evants dabugging is on

152 flag Ox7 len 32 mtu 1500 state EXSTART

03 len T2 mtu 1500 state EXCHANGE

a1 len 32 mtu 1500 state EXCHANGE

SaLINK-23-UFDOWN: Interface Senallyd/1, changed state to up

CSPF: Interface Senall/0M going Up

O8PF: Sand with youngest Key 1

CSPF: Build router LA for area 0, router ID 10.1.1.1, seq 0xB000000
WLINEPROTO-E-UPDOWMN: Line protacsl an Interface Senatd/0M, changad

OSPF: Sand with youngest Key 1
O&PF: 2 Way Communication to 10.2 2.2 on Seriall’0/1, state 2WAY
GSPF: Send DBD to 10.22 .2 on Seriall/1 =eq 0xB3AT opt 0x52 flag

C2PF: Sand with youngest Key 1
O8PF: Rev DBD fram 10.2.2 2 on Sarialli0/! seq 0x32F opt 0

OSPF: NBR Megatiatian Done. We ama the SLAVE
O8PF: Sand DBD 10 10.2 2.2 on Sarialli0/1 seq x32F opt 0x52 flag

OSPF: Sand with youngest Key 1
GSPF: RevDBD from 10.2.2.2 on Seriald/i/1 seq 00330 opt 0x52 flag

OSPF: Sand DBD 15 10.2.2.2 on Seriallil/ seq 0x330 opt 0x52 flag

O&PF: S8and with youngest Key 1

OSPF: Database request to 10.2.2.2

OEPF: Sand with youngest Key 1

CSPF: sent LS REG packet o 182.168.1.102, langth 12

O&PF: Sand with youngest Key 1

O8PF: Rov DBD from 10.2.2.2 an Sanallii1 seq 0x331 opt 0x52 flag

O&PF: Exchange Donewith 10.2 2.2 on Sariallidy
OSPF: Sand DBD 1o 10.2.2 2 an SenialllM saq 0x331 opt 0x52 flag

OSPF: Send with youngest Key 1

Keyd! o A 3 5o 5 2ie Jba

Ri#

“Apr 20 17:56:16.530: OSPF: Sand with yaungest Key 1

“Apr 20 17:56:26 502: OSPF: Rov pkt from 182.168.1 102, Sanall/d/1 : Mismatch
Authantication Kay - No massage digast key 2 on interface

*Apr20 17:56:26 530: OSPF: Sand with youngest Key 1

Ra#

“Apr 20 17:55:28 226: OSPF: Send with youngest Key 2

“Apr 20 175528 286 OSPF: Rov pkt from 182 168.1.101, Senall/0/1 * Mismatch
Authentication Key - No message digast key 1 on interface

*Apr20 175538 226! OSPF: Sand with youngeast Key 2

Configuration OSPF on NBMA Networks-11

o 5 Aliaal il ¢ 53l o Wil Uy 8
Point-to-point networks

Broadcast Multiaccess (BMA) networks
Nonbroadcast Multiaccess (NBMA) networks
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Of ek & 55 5 o Leie LY Configurationd) dddee 3 JSLis sl 4al 5 g8 BMAJ) s Point To Pointd!
Leadiaall Ju )Y ok oY Sl s dala clalac Y #liad Lels NBMAS el JSLie g1 Esan ()50 (anill gaany e oy
Unicastd) ks a

(X.25, Frame Relay, and ATM) : NBMAJ) <€ dlial (1 g

Frame Relayd) sa aaiiuall g £3L580 Y
fm U5 Wani o (Saall Ga il JISEY) S Ca g 1)
2 0sSas b e JiSh diaie s S all i) e (o sSus hub-and-spoke Wsewis is) ) i Star Topology 'sY!
PURIY L Joagll ddls
Ul Lemiy Aliaia &) i 5l S ) slins s Full-mesh topology Gl
Lgaanyy dliaia &l yig Ml JS G Of & <Y1 SY Full-mesh topologyd Jis o 5 Partial-mesh topology <l
o
gl il COElls ) gua
Vo L7 Full-Mesh
Topology

Partial-Mesh
Topology

|
Star Topology &~ @
(8 ) ACEA G ales (o el 2y i @lld 08 (SY 5 ISl e g1 5391 3¢d dilisal) Configuration J) ¢! sl (s
DRJ! a3 Neighborsd! asi s NBMAJ! Configuration

configuring OSPF on this NBMA network (¥ 4& jhl)

aibaill

Full-mesh topology plaxiuU Jumddll Topologyd ¢ s
Subnetd) st (A& Sl 555l aen Subnetd) s
30 Sec Hello Timer

(325%) Manual S g ) o) sl Adjacency

REC Gl iy ndald & da = RFC or Cisco

<l il o158 aaeal Aalia o) Lasé Cisco

29




Rembrandt

- ’.‘hh::\:;:h‘-\- =

300

T

—~ 172.16.2.2/24 DLCI

\ 400

Hals e

Vandyck

Rembrandt's configuration.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.1 255.255.255.0
frame-relay map ip 172.16.2.2 100
frame-realy map ip 172.16.2.3 300
frame-relay map ip 172.16.2.4 500

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.2

neighbor 172.16.2.3

neighbor 172.16.2.4

Hals's configuration specifying a neighbor priority.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.2 255.255.255.0
frame-relay map ip 172.16.2.1 600
frame-relay map ip 172.16.2.3 600
frame-relay map ip 172.16.2.4 600
1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.1 priority 10

Vandyck's configuration specifying a neighbor priority.

interface SerialO
encapsulation frame-relay

172.16.2.3/24

Configuration

- 172.16.2.1/24

DLl
500

DLCI™
200 |
172.16.2.4/24 .*-_;_’Jr_._

e ---""'E’.rueghel
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ip address 172.16.2.3 255.255.255.0
frame-relay map ip 172.16.2.1 400
frame-relay map ip 172.16.2.2 400
frame-relay map ip 172.16.2.4 400

1

router ospf 1

network 172.16.0.0 0.0.255.255 are a 0

neighbor 172.16.2.1 priority 10

Brueghel's configuration specifying a neighbor priority

interface SerialO

encapsulation frame-relay

ip address 172.16.2.4 255.255.255.0
frame-relay map ip 172.16.2.1 200
frame-relay map ip 172.16.2.2 200
frame-relay map ip 172.16.2.3 200

1

router ospf 1

network 172.16.0.0 0.0.255.255 area 0

neighbor 172.16.2.1 priority 10

DR s 3 &l yig ) 8 Lsh Jaa D @iy g DR 558 of 4 al yall 55 il (alaldl Priority J) sasis ¢lil g 4aulul) 5 S8l
DRJI 43l U jlae aiain <l i)l b Wi Priority 10 41 172.16.2.1 sis W o) bl

configured as an OSPF broadcast network 4Gl 44, i)

ua.‘ﬂ.adﬂ )

Full-mesh topology

aladin U Juadall Topologyd! & s

Subnetd! o (& <yl aea

Subnetd! s

10 Sec

Hello Timer

(8) Automatic

gl o sl ) ol Adjacency

Cisco

s dals o4 da e (RFC or Cisco
< yig )l g 53l anead dalia o) Lasé Cisco

Configuration
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Rembrandt

T

300

ST 1721622124 DLCI
\ 400
N 172.16.2.3/24
Hals lx—-}ﬂj,__h
Vandyck

. T — ‘/ 172.16.2.1/24

DLCI

500

172.16.2.4/24

5

DLCI™
200 |

oy

U

e ---""'E'.rueghel

Rembrandt's Frame Relay interface is configured as an OSPF broadcast network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.1 255.255.255.0

ip ospf network broadcast

ip ospf priority 10

frame-relay map ip 172.16.2.2 100 broadcast
frame-realy map ip 172.16.2.3 300 broadcast
frame-relay map ip 172.16.2.4 500 broadcast
1
router ospf 1

network 172.16.0.0 0.0.255.255 area O

Hals's Frame Relay interface is configured as an OSPF broadcast network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.2 255.255.255.0

ip ospf network broadcast

ip ospf priority O

frame-relay map ip 172.16.2.1 600 broadcast
frame-relay map ip 172.16.2.3 600 broadcast
frame-relay map ip 172.16.2.4 600 broadcast
1
router ospf 1

network 172.16.0.0 0.0.255.255 area O

Vandyck's Frame Relay interface is configured as an OSPF broadcast network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.3 255.255.255.0
ip ospf network broadcast

ip ospf priority O
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frame-relay map ip 172.16.2.1 400 broadcast
frame-relay map ip 172.16.2.2 400 broadcast
frame-relay map ip 172.16.2.4 400 broadcast
!

router ospf 1

network 172.16.0.0 0.0.255.255 area O

Brueghel's Frame Relay interface is configured as an OSPF broadcast network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.4 255.255.255.0

ip ospf network broadcast

ip ospf priority O

frame-relay map ip 172.16.2.1 200 broadcast
frame-relay map ip 172.16.2.2 200 broadcast
frame-relay map ip 172.16.2.3 200 broadcast
1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
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Rembrandt

PR . ~— Ry 172.16.2.1/24
-'-'XIIDLﬁl . .k"'-(:’_’ S
T 100 DLCI S
/ h00 b

DLCI™
200 |

o

.ﬁ-j_"*; 172162224 DLO l _,:;

Hals N " Brueghel

172.16.2.4/24

Rembrandt's Frame Relay interface is configured as an OSPF point-to-multipoint network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.1 255.255.255.0
ip ospf network point-to-multipoint

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O

Hals's Frame Relay interface is configured as an OSPF point-to-multipoint network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.2 255.255.255.0
ip ospf network point-to-multipoint
1

router ospf 1
network 172.16.0.0 0.0.255.255 area 0

Vandyck's Frame Relay interface is configured as an OSPF point-to-multipoint network.

interface SerialO

encapsulation frame-relay

ip address 172.16.2.3 255.255.255.0
ip ospf network point-to-multipoint

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O

Brueghel's Frame Relay interface is configured as an OSPF point-to-multipoint network.

interface SerialO
encapsulation frame-relay



ip address 172.16.2.4 255.255.255.0
ip ospf network point-to-multipoint

!
router ospf 1

network 172.16.0.0 0.0.255.255 area O

Point &) e PVCsJ) ae Jalaill J2ad sy Point To Pointdb Lesed NBMAJ) 38l Jaad Gl g 3aulul1 3 Sl
BDR s DR & 58 o €l To Point

configured as an OSPF point-to-multipoint, non-broadcast network. 4sl_ 4, yhll
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Rembrandt
PN . ~— 172.16.2.1/24
STl e S
100 DLCI S

500
300

DLCI™
200 |

=~ 172.16.2.2/24  DLCI -

\ ‘ D 172.16.2.3/24 ! -

Hals = Ry - — ----""ﬁrueghel

172.16.2.4/24

T

Vandyck

Rembrandt's Frame Relay interface is configured as an OSPF point-to-multipoint, non-broadcast network.

interface SerialO

ip address 172.16.2.1 255.255.255.0

encapsulation frame-relay

ip ospf network point-to-multipoint non-broadcast
map-group Leiden

frame-relay Imi-type q933a
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frame-relay svc

1

router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.2 cost 30

neighbor 172.16.2.3 cost 20

neighbor 172.16.2.4 cost 50

Hals's Frame Relay interface is configured as an OSPF point-to-multipoint, non-broadcast network.

interface SerialO

ip address 172.16.2.2 255.255.255.0
encapsulation frame-relay

ip ospf network point-to-multipoint non-broadcast
map-group Haarlem

frame-relay Imi-type q933a
frame-relay svc

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.1 priority 10

Vandyck's Frame Relay interface is configured as an OSPF point-to-multipoint, non-broadcast network.

interface SerialO

ip address 172.16.2.3 255.255.255.0
encapsulation frame-relay

ip ospf network point-to-multipoint non-broadcast
map-group Antwerp

frame-relay Imi-type q933a
frame-relay svc

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.1 priority 10

Brueghel's Frame Relay interface is configured as an OSPF point-to-multipoint, non-broadcast network.

interface SerialO

ip address 172.16.2.4 255.255.255.0
encapsulation frame-relay

ip ospf network point-to-multipoint non-broadcast
map-group Brussels

frame-relay Imi-type q933a
frame-relay svc

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
neighbor 172.16.2.1 priority 10

Unicast 0S¥ s Multicast <l OSPF Packetd! o)) sa «aduialy) (<Y 4l 45y yhall 5 S8 i
manually configured Jaz; a siis Jy 4385 Cusd Neighbor J) 48 jze Ll 5
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Rembrandt
PN . ~— 172.16.2.1/24
el e S
100 DLCI S

500
ald DLCI™
200 |
=~ 172.16.2.2/24  DLCI -

T 40 v
. ‘ D 172.16.2.3/24 ! -

Hals = .y — ----""ﬁrueghel

T

172.16.2.4/24

Vandyck

Rembrandt is configured with point-to-point subinterfaces.

interface SerialO
no ip address
encapsulation frame-relay
interface Serial0.100 point-to-point
description - —-—————-——————————————————— to Hals
ip address 172.16.2.1 255.255.255_252
frame-relay interface-dlci 100
interface Serial0.300 point-to-point
description - —-—————-——————————————————— to Vandyck
ip address 172.16.2.5 255.255.255_252
frame-relay interface-dlci 300
interface Serial0.500 point-to-point
description - —-—————-——————————————————— to Brueghels
ip address 172.16.2.9 255.255.255_252
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frame-relay interface-dlci 500
!
router ospf 1
network 172.16.0.0 0.0.255.255 area O

Hals is configured with point-to-point subinterfaces.

interface SerialO
no ip address
encapsulation frame-relay
interface Serial0.600
description - -————————————————— to Rembrandt
ip address 172.16.2.2 255.255.255_252
frame-relay interface-dlci 600
1
router ospf 1
network 172.16.0.0 0.0.255.255 area O

Vandyck is configured with point-to-point subinterfaces.

interface SerialO
no ip address
encapsulation frame-relay
interface Serial0.400
description - -————————————————— to Rembrandt
ip address 172.16.2.6 255.255.255_252
frame-relay interface-dlci 400
1
router ospf 1
network 172.16.0.0 0.0.255.255 area O

Brueghel is configured with point-to-point subinterfaces.

interface SerialO

no ip address

encapsulation frame-relay

interface Serial0.200

description - -————————————————— to Rembrandt

ip address 172.16.2.10 255.255.255.252

frame-relay interface-dlci 200

1
router ospf 1

network 172.16.0.0 0.0.255.255 area O
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LSA Type Description

1 Router LSAs
2 MNetwork LSAs
Jor4 Summary LSAs
5 Autonomous System External LSAs
i} Multicast OSPF LSAs
7 Defined for Not-So-Stubby Areas
8 External Attributes LSA for Border Gateway Protocol (BGP)
9,10, 11 Opague LSAs

@Bﬁﬂ‘ﬁﬁm‘aﬁyu@uﬂgé\;LSAd‘ww‘&‘yy‘uaﬁjéﬁﬂ}@)ﬁﬁc‘}peﬁu‘guuy‘

Router LSA Type 1

Type 1

———
LSA Type 1) e e 58 s LSAJ &) 53l (30 & 53 el ey 138 5 43) yua e 480l 4al8) day i3 ) 51 Jory Laic 33lal)
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Type =1 Type = 1
Router ID = 192.168.30.10 Router ID = 192.168.30.10
Mumber of Links = 3 Mumber of Links = 3
Link 1 Description Link 1 Description
Link 2 Dascription Link 2 Description
Link 3 Description Link 3 Description
- ‘*-13,’-1_., =
Lirk 1 Link 2
Link 3 Type =1

Router ID = 192.168.30,10
Mumber of Links = 3
Link 1 Description
Link 2 Description
Link 3 Description

R
192.168.30.10 IDJ) cabia Jis )l 134 lase] 53l LSA Type 1J) duail sy ga Jlas
Y DA e LSA J) Jaalss saalie WilKaly

Homer#show ip ospf database router 192.168.30.10
OSPF Router with 1D (192.168.30.50) (Process 1D 1)
Router Link States (Area 0)

Routing Bit Set on this LSA
LS age: 680
Options: (No TOS-capability)
LS Type: Router Links

Link State ID: 192.168.30.10
Advertising Router: 192.168.30.10
LS Seq Number: 80001428
Checksum: 0x842A

Length: 60
Area Border Router

Number of Links: 3

Link connected to: another Router (point-to-point)
(Link ID) Neighboring Router ID: 192.168.30.80
(Link Data) Router Interface address: 192.168.17.9

Number of TOS metrics: O
TOS O Metrics: 64

Link connected to: a Stub Network
(Link ID) Network/subnet number: 192.168.17.8
(Link Data) Network Mask: 255.255.255.248
Number of TOS metrics: O
TOS O Metrics: 64

Link connected to: a Transit Network
(Link ID) Designated Router address: 192.168.17.18
(Link Data) Router Interface address: 192.168.17.17
Number of TOS metrics: O
TOS O Metrics: 10
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Leagd Ul o sllaall o1 a1 agdi g Jlas Ganall licany ae s

Cla slaeall s LSAJ) 02 Liadl s LSAJ 038 canlia 555 )0 e e slaa 58 J ¥ anill (pand ) slaszall Cile slrall aniis
Jis ) s interface JS caay oo 4l

LSAJ s LSAJ a3l Jud JI 515 1L Aalall cila sladll Y

Glaic 53 sa sall ULl Ay 8 il glaal) 238 2ais

Routing Bit Set on this LSA
LS age: 680

Options: (No TOS-capability)
LS Type: Router Links

Link State 1D: 192.168.30.10
Advertising Router: 192.168.30.10
LS Seq Number: 80001428
Checksum: Ox842A

Length: 60

Area Border Router

Number of Links: 3

A a3 Y1 el anl e 0585 O g Ll s LSAU) see e (5535 () e LaaY

LSAJ 12 ¢ 5 e (5 siais

S Ul Al internal Router » Area Border Router s& Ja Jis ) ¢ s

Advertising Router: 192.168.30.10

LSAJ) o3 Jaxy a8 s yi5,lu palsll RIDJ) 52 138 5

Link State 1D s ol ladf 8 dala clay 5 <Y b

o Jal Gl 138 1aa Aala Ak sale (S LSA) rs ol 521 5355l Laldll RIDJ) e J LSA Typeld) dla 8
LSAJ o s aY g1y

Number of Links: 3

g e Lelu ) Al S3lasll dae g

Ea gl caa ol
Link connected to: another Router (point-to-point)
(Link ID) Neighboring Router ID: 192.168.30.80
(Link Data) Router Interface address: 192.168.17.9
Number of TOS metrics: O
TOS O Metrics: 64

Link connected to: a Stub Network
(Link ID) Network/subnet number: 192.168.17.8
(Link Data) Network Mask: 255.255.255.248
Number of TOS metrics: O
TOS 0 Metrics: 64

Link connected to: a Transit Network
(Link ID) Designated Router address: 192.168.17.18
(Link Data) Router Interface address: 192.168.17.17
Number of TOS metrics: O
TOS O Metrics: 10
Miad AS2500 £ 55 gua) g B2 g g4 Auag IS pa () ga LiaY
Link connected to: another Router (point-to-point)
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g =& IDJ) oa s pld 854, Jacaia Jadd sl g yig ) llia o L._gi point-to-pointJ! Y.,uﬂ Alaia (ud i) oa o JPRLS
LSAJ & sl
(Link ID) Neighboring Router ID: 192.168.30.80

LSAJ calia yig il ala o) sall 138 5 48050 038 833 g2 5all interfaced) O sie s Leayl
(Link Data) Router Interface address: 192.168.17.9

Link connected to: a Stub Network

A i) b ilate cual sda 480 O i 4 )k 303 s Stub Network (s s
Network maskd s 4.5 Subnet JI o) sie e s giad

(Link ID) Network/subnet number: 192.168.17.8

(Link Data) Network Mask: 255.255.255.248

Link connected to: a Transit Network

NBMA 5 BMA g 5 (1 L) 4y dlaia interfaced) o3 of ia
Al o 4 DRJL =il ip Addressd! gz s link IDJ) (45
(Link ID) Designated Router address: 192.168.17.18
Al o A LSAJ csba i)l interface ol sie e g5
(Link Data) Router Interface address: 192.168.17.17
A glzall 020 & SO

Metrics: 64

Metrics: 64

Metrics: 10

Aus S p=lall Costd! 2 5

LSA Type 1d) paibas | il

Jis b aslall interfaces Ju daild ¢ il 138 Jaar-1

LSAJ o2 Jaxs a8 (sl i s )l 4alall Router IDJ) Jassi - 2

interface JS Juaiall o sl 5 Sl ¢ 53 e o glan Jany -3

Stub Networkd 1= interfacesdb Zalllip Address J! casbie Jesy -4

ABRUJ! i3 ¥ AT Area sl ) i Vs e il )l Aread) s Ladla Ledlai -5

O L g5 Dl 55l s (A i Lebu @l a5 32308 | SA 4elimy ji9)ll o shs interface ge gladil Gioas g S 13) -6
2 Seqd) oY suaall

O  172.16.54.0/24 [110/11] via 192.168.32.2, 3d10h, Ethernetl Routing Tabled! & O el Jeny -7
Network LSA Type 2

Type 2

—
) QA B Ll st g A o slal Giany e 5 simd s LSA) (o g 5ill 138 Jass o sis (5301 58 DRI
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Type=2
192.168.17.18
Subnet Mask = 255.255.255.248
Attached Rouler = 192, 168.30.20
Altached Rouler = 192 168.30.10
Attached Router = 192, 168.30.30

—

-

!ﬂl
AT
DR . "’-" Router ID = 192.168.30.20

v

192.168.17.18/29 Type =2
192.168.17.18

Subnet Mask = 255,255.265.248

Attached Router — 192, 168.30.20

Attached Router = 192, 168.30,10

Attached Router = 192, 168.30.30

A\

|
| [ "
- ~
(H-; F‘i" Router ID = 192.168.30.30
/R{:uter ID=192.168.30.10

Homer#show ip ospf database network 192.168.17.18
OSPF Router with ID (192.168.30.50) (Process 1D 1)
Net Link States (Area 0)

Routing Bit Set on this LSA

LS age: 244

Options: (No TOS-capability)

LS Type: Network Links

Link State ID: 192.168.17.18 (address of Designated Router)

Advertising Router: 192.168.30.20

LS Seq Number: 800001BF

Checksum: Ox60AC

Length: 32

Network Mask: /29
Attached Router: 192.168.30.20
Attached Router: 192.168.30.10
Attached Router: 192.168.30.30

DR & A interface ) & Wil 40 (=lAll RIDJ! o Link State IDJ) oY (oaldy 38 e slaall o2e] 2aliial)
s A o lael 3 NBMA 3 BMAJ 4805l (adssi

Lyl 4 Galall RID 5 )aad 303 03 b 4ae dlaiall Ol i 5l aans Lalall RIDJ) (30 4l e Lial (5 55
Network Mask: /29 4Suill o3¢y (alall Net maskd! (e (s siai g

LSA Type 2d gy p=ile

Transit Networkd) 2 4 yidall <l 55 ,)lL 4ld e (5 5ia3-1

A5l s2gn aldll net maskd! e (s sini -2

ABRUJ! i ¥ e s 3 Area sl ) e ¥ b bl Al Aread) sa Ll Lol -3
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O  172.16.54.0/24 [110/11] via 192.168.32.2, 3d10h, Ethernetl Routing Tabled! 2 O 3 Jesxs-4

Network Summary LSA Type 3

Type 1 Type 3 Type 3

- o
LSAJ (e g sl 1 deliay a iy s 2 1l 2 ABR JI
s AYIArea Jl ) 4yl aicliay ABRJ a5 Area J e padle s sa 4l ¢ 5ill 13¢] Cay jas Gt oSy
Sl gl O i s e slae ana i g alas 3) AlSae Jal lly g
ABRUJ! J=is 13l (SY
soAYIArea J) Y Al s LSA Type 3 b 4 4alall netmaskd) s network 1D 4S8 o)) sie IS aa 53 ABRJ 5 5
Network 1dJ) cuaba 280500 &l ) J goa s Galsll Costd) clulall s A58 3l gie an Capiay g 43 Jaailall
Jany 138 JS i (el (3 SV 5 d LSA Type 3 Ju ) st ABRU 2 53 52 50 4805 JS1 dage 315 5al
2 S Cost sl 22l 5 0al 83 s sall (o lind) JS aiay o sims LSA Type3 dus_y sy LSAJ Summarization
ad o=l Cost JI
OSPFJ & By Default o« Summarization Ji 4l oSY
&) ¢l o) Summarizationd) oss A e J5l o

LSA Type 3J! e Jie aalis Cagu oY1 SV 5

Typa =3 Type =3

192.168.13.16 172.16.121.0
Mask = 255.255.255.240 S, T MMask = 255.255.255.0
Matric = 120 Matric = 791

172.16.121.0/24 oot

SRS

N

~L 71 192.168.13.16/2

e

Area 0 Area 192.168.13.0

Homer#show ip ospf database summary 172.16.121.0
OSPF Router with 1D (192.168.30.50) (Process 1D 1)

Summary Net Link States (Area 0)
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Routing Bit Set on this LSA
LS age: 214
Options: (No TOS-capability)
LS Type: Summary Links(Network)
Link State ID: 172.16.121.0 (summary Network Number)
Advertising Router: 192.168.30.60
LS Seq Number: 800000B1
Checksum: OxE864
Length: 28
Network Mask: /24
TOS: O Metric: 791
e Ol O ABRJI 20 il 43 o) e 58 Link State IDJ) of sy
ABRJL =l RIDJ »»ADV Router d's

Type 3J) p=sk
lerias o sy Al 58 ABRJ)s Aread! ple (adle e (5 a -1
O i ) Costd) aa s o st Lail SPFJ) Jsediy 58y o 438 LSA Type 3d) s AV Sl (e i) alind 13) -2
Routing Tabled - aexars LSA 3J) & 252 sall Costd) ) 4suas s ABRJ)
Aread) a3 il gl JSS Autonomous System J) Glas & i -3
&l luell Summarization s oS Y By Default -4

Routing Tabled) £ O A M Jasy -5
0 1A 172.16.30.54/32 [110/1061] via 192.168.17.74, 02:15:21, Ethernet0

Summary LSA Type 4

Type 1 Type 4 Type 4

3 > -
Leil ABRJ! JS ol pge 128 5 0SY ASBRJ) Gl s ABRJ) sl U aai ABRJ) 58 LSAJ) 03 Jany a5 2) i 5 )l
ASBRUJ (sass L sl ASc Juaiia 55 Aread) 8 4xe 2 53 2 ABRJ

4l 3 slaall Aread! s Aread) sl 8 4xe 2l siadl ABRJ asds sy ASBRU! e e 2 e LSAJ o3 (5 g
ASBR iy 4l
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Type =4
—r 192.168.30.12

‘ ""\\ o
{ i
= Mask = 0.0.0.0

ASBR “‘H. - ~J  Metric = 64
Router ID = 192.168.30.12 ‘\

e

——

———

Area 0 Area 192.168.13.0

Homer#show ip ospf database asbr-summary

OSPF Router with 1D (192.168.30.50) (Process 1D 1)

Summary ASB Link States (Area 0)

Routing Bit Set on this LSA

LS age: 1640

Options: (No TOS-capability)

LS Type: Summary Links (AS Boundary Router)

Link State I1D: 192.168.30.12 (AS Boundary Router address)
Advertising Router: 192.168.30.20

LS Seq Number: 80000009

Checksum: 0xF450
Length: 28
Network Mask: /0
TOS: O Metric: 64

0

1A

Y Ly
ASBRUJL u=al RID J s Link IDJ) o
LSAJI s3a eLiil 53l ABRJL u=all RIDJI s» ADV Router J o s
i aa) g ASBR e Lai) 35 e < Ua cilasbead) oY 13 NET Mask 0.0.0.0J1s
LSA Type 4 =ik
Aread s 3 ASBR 253 5 s AYIArea J pdle) L cingll -1
ASBRJ g 2l siallArea J osdi & sl ABRJ) DA (e g -2
ASJI & JI deatt s L Regenerated dalesy (e 58 ASJ (4325 5l ABRSJ! -3
ASBRUL _=lall RIDJ! Lo s 5is3i LSA Type 4 -4

Routing Tabled! 2 O 1A <l Jasy -5
172.16.30.54/32 [110/1061] via 192.168.17.74, 02:15:21, EthernetQ

External LSA Type 5
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Type 5 Type 5 Type 5

> - »
ASJl z 4 5as) sie 0585 Destination ) iSes oo <liby e s 5im s ASBRsJ) 8 LSAJ) 138 gy panadidl iy )
Default Route <lua s ol )

Jlall A agdd)
F \
108310024 o~
0.83.10.0 { L m——
10.83.10.0
/ Mask = 255.255.255.0
172.20.57.254 / Metric = 10
f Forwarding Address =
172.20.57.254
I
ASBR
\ (RID = 192.168.30.60)
', OSPF Autonomous System /
" .

Homer#show ip ospf database external 10.83.10.0
OSPF Router with ID (192.168.30.50) (Process ID 1)
AS External Link States

Routing Bit Set on this LSA

LS age: 1680

Options: (No TOS-capability)

LS Type: AS External Link

Link State ID: 10.83.10.0 (External Network Number)
Advertising Router: 192.168.30.60

LS Seq Number: 80000D5A

Checksum: O0x7Al1C

Length: 36
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Network Mask: /24
Metric Type: 1 (Comparable directly to link state metric)
TOS: O
Metric: 10
Forward Address: 172.20.57.254
External Route Tag: O

Aol AS,sll ol ie e Link State IDJ)

ASBRJL s=ll RIDJ! 2 ADV Router J)

AAlL Galall Net Maskd) (38 e bda s

Lasé L3l &8 2l ASBRU) (e a3 Datad! o sliee 0.0.0.0 48, st Forward Addressd! L)

Al ) ey Cogs ABA (g )5 ASBRU e Segment JI i e interfaced ol sic sed 35 sall o)) sinll 138 (SY
FEA

LSAJ (e g sl 1 delia e Jsiuadl 0 ASBRJ -1
Default Route dee 5l OSPF ASJ) z )& iSed e il slas Ju ) Leie pa gl -2
WS ASJ! & et -3
ASJ) & LSAJ b ¢l i Y ADV Router ID ASBRJ -4
By Default sl 4SY 5 4 Jall ciuil Summarizing des oSadl (50 -5
S ASJI 3 ASBRU (S aail dega LSA Type 4 -6
Routing Tabled' A OE1,OE2 el desy -7
0 E1 192.168.119.0/24 [110/94] via 192.168.17.74, 02:15:01, EthernetO
0 E2 172.19.0.0/16 [110/21] via 192.168.32.2, 02:15:01, Ethernetl
4 5 U
E2 s (ies E1 058 i e Jelosy o8
ASBRJ (x b ddluall (ald 58 292 gall Cost J) Wil s ASBRJ)s 5 ) o b 3l Costd) clua o3 Y ad) a3 E2
Al
1313l Costd) 4l ciliaa (SY Giball Ca il (ad 8 E1
13 Costd! glisd ol ¢SY 5 <l jlusall ¢y Alaliall Costd! ) gliag salall & <lil g8 iy by Default E2 43 dasall
SIS 1Y E1J) phasind ) #liag 58 KV 5 o sllad) Destinationd) o dasivs 4 (e 35 3m s ASBR ) e il IS
E1d) ) gliad i s il 01ala Destinationd) gsd ) Jseasll aeDla (10 galaiusil s ASBR (0 ST il
El e Ji

S, S nannn = FAY . —
Routing Table | Routing Table ! Routing Table Routing Table
R 10.10.0.0 Hop=% |'- 0 10.20.0.0 Cost=100 L OE1l 10.10.0.0 Cost=164 = O E1 10.10.0.0 Cost=228
R 10.11.0.0 Hop=6 | 0 10.11.0.0 Cost=100 . O E1 10.11.0.0 Cost=164 0O E 10.11.0.0 Cost=228
E2 ce Jia
— -
- - - o=
% & -~ ospF
s N s
7 RIP N L .
/ 4
\
N 10.10.00 /Y e o
| Routing Table Routing Table Routing Table | Routing Table
| - ™ {
R 10.10.0.0 Hop=9 0 10.20.0.0 Cost=100 5 OEZ 10.10.0.0 Cost=E00 | OEZ 10.10.0.0 Cost=100
! p ! "l

} ' } |
| R 10.11.0.0 Hop=B | 0 10.11.0.0 Cost=100 O EZ 10.11.0.0 Cost=100 | O EZ 10.11.0.0 Cost=100 |
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Autonomous System! Jbaial s ASJ) s sale
e S5 pel (i (8 48001 &) 5330 duilly Ll
Type 6

Multicast Ospf «liukai b axiiusi dala | SA o2

g sl 1 S Clatie ae i Y
Type 7

ASBRU! 5 lexia e Jsinsall s NSSASIL <z Lo sl NOE-50-Stubby s 5 cime Area g 5i 8 p2dius & 5l 13a
LalA LY LSA Type 5 o o Wil Jsé (Ses Not-s0-Stubby Are 4 ki Flood W Sasy ) a0 | SAJ) o4
Y g sl 138 eynin LSA Type 5 Jl 4 dexa ¥ 35 Aread) (e g sl 13

Type 8

Border Gateway Protocol (BGP). sOSPF ¢ internetworking J) (8 aaaiud 4als | SA

Types 9, 10, and 11

OSPFJ! duliine clipaaty Aala dima dgiulal yml 29 2335055 The opaque LSAS lele ik

00sS ) lind s Laddll 3 530 IS 33 8 Jany 40 &l Lavie (5 A dad 128 MpLsd\}MpLsd\:uﬁ‘gs;siM}
JalS 44 ala ¢ 3 38l s CCIP

Homer#show ip ospf database

OSPF Router with ID (192.168.30.50) (Process ID 1)

Router Link States (Area 0)

Link ID ADV Router Age Seg# Checksum Link count
192.168.30.10 192.168.30.10 1010 0x80001416 0xA818 3
192.168.30.20 192.168.30.20 677 0x800013C9 OxDE18 3
192.168.30.70 192.168.30.70 857  0x80001448 OxFD79 3
192.168.30.80 192.168.30.80 1010 0x800014D1 OxEB5C 5
Net Link States (Area 0)
Link ID ADV Router Age Seg# Checksum
192.168.17.18 192.168.30.20 677  Ox800001AD O0x849A
192.168.17.34 192.168.30.60 695 Ox800003E2 0x4619
192.168.17.58 192.168.30.40 579  0x8000113C OxFOD
192.168.17.73 192.168.30.70 857  0x8000044F OxBOE7
Summary Net Link States (Area 0)
Link ID ADV Router Age Seg# Checksum
172.16.121.0 192.168.30.60 421  0xB000009F 0xD52
172.16.121.0 192.168.30.70 656  0x8000037F Ox86A
10.63.65.0 192.168.30.10 983  0x80000004 Ox1EAA
10.63.65.0 192.168.30.80 962  0x80000004 O0Ox780A

Summary ASB Link States (Area 0)

Lea i &3 A LSAJ g 55l alana o (s 5in o8 s LSDBJ) JS5 4 034
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Link ID

192.168.30.12
192.168.30.12
172.20.57.254
172.20.57.254

Link ID

192.168.30.14
192.168.30.24
192.168.30.50
192.168.30.54

Link ID
172.16.121.0
172.16.121.0
10.63.65.0
10.63.65.0

Link ID

192.168.30.12
192.168.30.12
172.20.57.254
172.20.57.254

Link ID

10.83.10.0
10.1.27.0
10.22.85.0
10.22.85.0

ADV Router Age Seg# Checksum
192.168.30.20 584  0xB80000005 OxFC4C
192.168.30.30 56 0x80000004 0x45BA
192.168.30.70 664  0xB00000CE OxF2CF
192.168.30.80 963  0x80000295 0x23CC

Router Link States (Area 4)

ADV Router Age Seg# Checksum Link count
192.168.30.14 311 OxB0000EA5  0x93A0 7
192.168.30.24 685 0x80001333 Ox6F56 6
192.168.30.50 116 0x80001056  0Ox42BF 2
192.168.30.54 1213 0x80000D1F  0x3385 2

Summary Net Link States (Area 4)

ADV Router Age Seg# Checksum

192.168.30.40 1231 0x80000D88 0x73BF

192.168.30.50 34 0x800003F4 O0OxF90D
192.168.30.40 1240 0x80000003 0x5110
192.168.30.50 42 0x80000005 0x1144

Summary ASB Link States (Area 4)

ADV Router Age Seg# Checksum

192.168.30.40 1240 0x80000006 0x6980

192.168.30.50 42 0x80000008 0xC423
192.168.30.40 1241 0x8000029B OxEEDS
192.168.30.50 43 0x800002A8 0x9818

AS External Link States

ADV Router Age Seg# Checksum  Tag

192.168.30.60 459  0x80000D49 0x9COB 0

192.168.30.62 785  0xB00000EB 0xB5CE 0

192.168.30.70 902  0x8000037D Ox1ECO 65502

192.168.30.80 1056 0x800001F7 0x6B4B 65502

Configuring OSPF LSDB Overload Protection

Lae LSAJ) (e ESI dars <l 55 0 a5 o Gaasy (misconfigured) <l sl cilalae) 3 A0S o elad dhaay Ladie Ulgal|
gl e S ) LSAD (e Cpre 38 2283 porkaing @bl 83 )Sall ulSs Processd)y sSIA e eS8 llgiiy o8

35 50 gl 5 JSLaAl & gan (pe SE0E 8 B giall ) i g ) cand ) ke @l 5 4ie dajlal) a5 el 5 AY)

RouterA (config-router) #

<l sl

)Ay\?@d\

max-lsa maximum-number [threshold-percentage]
[ignore-time minutes])
minutes)

[ignore-count count-number]

[warning-only]
[reset-time

« Excessive LSAs generated by other routers can drain local router resoures.

+ This feature can limit the processing of non-self-generated LSAs for a

defined OSPF process.
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Parameters Description

maximum-number | Maximum number of non-self-generated L5As that the OSPF process
| can keep in the OSPF LSDE.

threshold- {Optional) The percentage of the maximum LSA number, as specified .

percentage by the maximum-number argument, at which a warning message is
logged. The default is 75 percent.

warning-only | (Opticnal) Specifies that only a warning message is sent when the

maximum limit for LSAs is exceeded, the OSPF process never enters
ignore state. Disabled by defaull.

ignore-time {Optional) Specifies the time, in minutes, to ignore all neighbors after

minutes the maximum limit of LSAs has been exceeded, The defaultis 5
minutes.

ignore-count (Cptional) Specifies the number of times that the OSPF process can

count—numbsr | consecutively be placed into the ignore state. The default is five times,

reset-time {Optional) Specifies the time, in minutes, after which the ignore count

minutes is reset to 0. The default is 10 minutes.

Router (config-router)# max-lsa maximum-number [threshold-percentage]
[warningonly][ignore-time minutes] [ignore-count count-number] [reset-time minutes]

Y iy Flaadl Jals 8 4l e s G A5 il YY) Janis 2ie

s drad () clilay s maximum-number 4la 8 &l s [ SDBU) & 4 s (Sas LSAD! (0 2 ol 5ig )l 2any
Ol A s A iy JUA o Ay aa el ) S e sl (0 LSAD) 230 ol 8 die a5 pudasi Al ol jeday yis )l
Ll il aslanl gl a8 2all (10 0575 s Ua Defaultd)s threshold-percentag s

483 2y il a sl (oall aaS lanaaty il cad Al e SST G55 ) disy il ) D sasl) (B LSAD i 13)
adjacencies olosal Cpm SR aaea Llauls 5is )l a5 () L 2 ssiall 5 ignore state JI et Al ) J 53l 138 (4
OSPF Packet (sl Ju_n sl sl Qi ¥ sl 038 35 LSDBU cuaii s peasas o s 5

Lyl @lilSaly s haudl N [ignore-time minutes] 48l JSa (e el Waass of (Saall (e saa Allall o2 5 5l S
alml el g [gnore Stated! Al 8 Jax of i g5l (Saall (e Sl Gl jall (ga 2350 232 Jee

[ignore-count count-number]

2 Jgayvie sl Al Hselal 3y threshold-percentaged) 2a Y1 13 aca s (Sedll (e s Warningonly
by il 43LaY) o34 5 jgnore state Ala 3 OSPFJ) Jsa gy <o sus 138 Gage 3l sale (Y 5 oY) 2all 1) LSAJ
Default

By Default

Threshold-percentage: 75 percent
Warning-only warning message: disabled
Ignore-time minutes: 5 minutes
Ignore-count count-number: 5 times
Reset-time minutes: 10 minutes

Changing the Cost Metric
@l jusall Juzadl a5 )l 3 gaxdl 1 COSE) Of sl Ly LS

Costd) HLiaY 4y Aalaall lica i US
Cost= 108/BW of interface 2
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Jall de s of sl interface Fast Ethernet <lal sl clil 4d i o) Cany ¢ 25 cllia (SY 5 100Mbps 23 10° of daall
i s Liagl (i Fast Ethernet J o S Gle juasas o 0S5 1 058 CaguCost J) g 100mps ) Jasi <o g
gigabit Ethernet J)s Fethd) om s st <o g Gl 3] jlise Juzadl sl 8483 25 5 ae ) a5 38138 51 Costd) oS
Sie Cuny 100mMbps s s Asbaall 3 Culil) i) 5ans AR (e aadaied el Jarg ol SIS Jal o8 13¢d 5 Dl
Cost= 10°/BW 482 i€ 4&; jlas Costd! a2my o gty 528 Gile s ga (sl

9 Yl

auto-cost reference-bandwidth mbps

Router configurationd! Jals

Rate in Mbps (bandwidth). The range is from 1 to 4294967; the

default is 100

s2a) 5 COStd! Hlua Lingia Glanal 408l & <l i )l OS o 5aY) Gadai iy s Aaga Al ale

interfaced) = ip ospf cost interface-cost ¥ 4 cbilSals Costd) yaail dally Ll
YY) (e dilida ¢ ) 5l (alall Costd! Jsaa 138 5

Table 8-6. Cisco default interface costs.

Interface Type Cost (10%/BW)
FDDI, Fast Ethernet, any interface = |1
100M

HSSI (45M) 2

16M Token Ring B
Ethernet 10
4M Token Ring 25

T1 (1.544M) 64
DSO (64K)L1 1562
Sk 1785
Tunnel {9K) 117111

OSPF Area Types-4

Aread) (e dilisa ¢ i Load llia LSAJ 5 < 355 0 (e g5 ia o) Jia

Jisi YArea J) g ¢ 5l dae &5 OSPFJI elal an Jal (g o Leal jel e o g JIST Guany ¥ im Ui 2l 3 0S4l
LSA Typed e disa g5

Type 7 e Giaaticagu US of 5 1,2,3,4,5 a5 LSAJ) (0 dsle) g1 53l uadl) o 7 800 )54 Cogan T Angn s sale
Aread) ¢! sl aal b

Areasd t\}ji sle oY) (o yaile

link updates, route J&i e dedll LSAJI &) 53 48 Ji 5 by Default 055 4 5:Standard area-1

external routes s summaries,

Aread) o duasll 4idls yuis L SAJ &) 5l 488 Ji& a5 Area 0 uiad L Wil :Backbone area (transit area)-2
Standard aread) pailias area o (5 5iady agin Jall S ja g 4dlial)

il (Sxas ASBR 42 22 52 Y Aread) o3 o585 O Leie Clawl g 5l 138 e Jaad) e Aread) slae) a5 :Stub Area-3
4 ddaii yall ol Area0o Alaaial) o 5 Lah oaal 5 V) 408l o328 8 5 Al GSs )z lae Sl sl @l e s Y
Gl e diy o 45Y Type 4 dis o o (o2ab s 41333 L3l(Type5) AS External LSAsJ Ji: Y Aread) (e g sl 134 5
die e glas e Joasy 13 13) ASBRJ) (3¢ 403l sy AS) 7z &
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¢ AS z e gl ) e sl @l 550 asl ol 113 S 1) 58 8 68 dndi = yday 3 Il S Y
el g @l sl
23 Jua gy ¥ 5| Drop dazs a5t 4 Typeb Jymas die a5 Llal ald ddens o 54 Stub areaw u=3Y ABR Ol s
2 &l 1Y) o) J=as Default Route 0.0.0.0 ! e s 5s3 LSAType 3 Jwb o sty ¢S Y5 Stub Aread! ) LSAJ)
) alle L G 3l o 68 aiRouting Table J) 2 4 J sa ol 2 e Stub aread!) Jals (ps sa sl &) 53 1) aal
ABRJ
e
¢ RIP -

- : X% o S -PEN N
Stub Aread! b5 &
ASBR =Stub Area J) s sia3 of s ¥ -1
@l yig )l JS3) Giasy oSas Default Route J) daY oS Y ABR ¢ ST SleStub Area J) s siss o Saall (30 -2
lua 138 el 5 o s ASBRAY Jlsall 58 ABRU) élli (g span adaiass ¥ 5 4413 ))
Lis Y Virtual linksd! se 2aiiw 35 Y Stub aread) 8 Virtual linksd! Configure Jess a5 of apkains ¥ -3
Stub Aread! Jals sis, Ui pala Configuration Jes asis o casy -4
5.4 sa Al LSAJ (e b (pe i iy Y -5

Configuring Stub Area

.

<59 e OSPFJL u=ill Configuration dess <lil A 5Y)
a1 JBA (e Aread) g s aaas el 40

area area-id stub

JEa
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192.168.14.1 192.168.15.1

R3# R4#
%nterfhce FastEtharnet 0/0 interface Serial 0/0/0
ip address 192.168.14.1 255.255.255.0 ip address 192.168.15.2 255.255.255.252

interface Sarial 0/0/0

ip address 192,.168.15.1 255.255.255.252
router ospf 15

router ospf 100 network 192 168.15.0 0.0.0.255 area 2

network 192 168 14 .0 0.0.0. area 2 stub
network 192.168.15.0 0.0.0.
area 2 stub

255 area D
255 area 2

Area 2J) A8l & () any K a1 (S (oS LaaY
) DA e 13 iy 5 (o SlilSld Cost by Default =10 ¢ sS: Default Routed! ABRJ! s s Laxie jal ¢ o5
router ospf 20
network 192.168.30.0 0.0.0.255 area 1
network 192.168.20.0 0.0.0.255 area 0O
area 1 stub
area 1 default-cost 20

ABRJ Jsa: oIS Stub Aread! & o s 33030 0S¥ Sub aread) p=ilas i s 5 :Totally Stubby Areas-4
s ol dayl 55 (sl 4 Cinay 45a Totally Stubby Areas & Wi Default Route Y s AIAS (e dedldl) <l sl
JlSIL 2 5 Area J=dll (5 5S5 Cuss Default Route ) s~ Aread) z A (e 428

-— X— '
Default External _Emnal_ Emmal

— — — -

e P o .

The totally stubby area is a Cisco proprietary : 4a 4% gala

Default J) sle LSAJ 038 435335 LSA Type 3 8 3,4 z )3 e 4l il LSAD gaes Laisy ABRU 5 5
&) Lebas 53 o s Leild Aread) z ) Destination ¢t ) deas Of Aread s2a 8 5isy sl 211 13) o s route
Default Routed)!
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Configurationd)
L aal g 24 A ade iy oSV Stub areaw (=& Configurationd) sa sa
ABRUJ! g« Laié 134 5 no-summary ki 5 ABRJ) dlac) xie 585

router ospf 20
network 192.168.30.
network 192.168.20.

area 1 stub no-summary

55 area 1
55 area O

oNe)

0.0.0.2
0.0.0.2

( NSSA)Not-So-Stubby Areas-5

adle 3l Lo 5f Not-So-Stubby Areas g« axi Stub Aread) dlile ac 8 (s I o) Y1 la 28 3 sal 5 1 sal
Jr.\}d\ 0l Uy )uS_‘ Liad NSSA

Ripd Yl acu ¥ i) lia of Jaa o (&Y s Area2d! Stub area Jas Lad Area2 s Area0 (o) davia s 4 ¢l

Lliia¥) ae igoll 138 e il sbaa e gae 4808 ) doat o ) ling 5238 13) S G Y Rip Ao Jarg 40l Jal
.Not-So-Stubby Areas alaaiul 13 18 Stub area J) Ll e

OSY ASBR i o)l bl L Ll Aread) 2 ASBRU! alasiul (Sadll e oS &l Stubd! (e s A dlisall ¢ 531 3
LSA Type 7 axiie Wi W) LSA Type 5 axdie ol Ln Aread! - Redistributiondex ASBRJ 4 s Lexic 43
s b s AV £l Y 8 Type 5 4 sbas 4 LSA Type 7J15 ki NSSAJ) 8 Y aasis (8 LSAD) (e g 50l 138
Jie A a5ty Wil Area0 ) el )b asis Y LSA Type7d! ABRJ a3l xie s Type 7 LSA Jws b ASBRU a i ¢
Areal )l )b o580 A5 LSA Type 5 ) Lebisas

NOt-S0- 58 2 sie 138 RIPJ 13¢) e slan Jus oS ASBR g s 453lSa) ae Stub Aread) W e (e e Of agall
Stubby Areas



Area

Area 2 (NSSA)

E1 Jie Metricd wlus 43 5k S S N1, O N1 51 O N2 s Routing Tabled! & & 3« % LSA Type 7J dusily
Type 5 & E2 Jis Metricd) s 44 jla <ilS (IN2 5, Type 5
E2 ssDefault J's

Configuring Not-So-Stubby Areas

Gl sl aaad duailly

) S

area area-id nssa

54 535 Stub aread! 8 aa) siall Y (e Yy 51 138
area area-id stub

e
router ospf 40
network 192.168.10.2 0.0.0.0 area 2
network 192.168.10.33 0.0.0.0 area 2
area 2 nssa
ABRJ! 4wl
ks ol

Stub Area J) W e wicti NSSAJ) J=a o Ll

Gl 5a¥) ads A e lla g L Type 5 Jis Y of Cusy

Default Route oe 35te Type 7d) 0585 Cusy 5030 default-information-originate dds) (Seall (e s
O *N2 0.0.0.0/0

Ja

Area 2 stub default-information-originate

ASBR 5 ABRUL ala 5aY1 13a

i
3
Totally Stubby Areasd! pailias (i 3l aleas
A8l P eellag

no-summary

e
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‘ ; Area 2 stub no-summary
Wi & s no-summaryd oY default-information-originate ¥ dilza) ) zlisd o culd Al o3a 8 dals 3 sale
0 *N2 &l sl Default Route Jess

eV b iy (e el
[[area area-id nssa [no-redistribution] [default-information-originate [metric] [metric-type
[no-summary]

NSSA AreaJl . redistributiond! el
N2 5 N1 & yall g5 s
Ses &l jis p oald NSSA totally stubby configuration of (5 Y

Areasd) (x ddlida) £) 631 Ll AN | SA Typed) §15639 padla gy J g

Area Type 182 3 4 3 7
Backbone {area 0) Yes Yes Yes Yes Mo
Mon-backbone, non-stub Yes Yes Yes Yes Mo
Stub Yes Yes Mo Mo Mo
Totally stubby Yes Mol Mo Mo Mo
Mot-so-stubby Yes Yes Yes Mo Yes

Default RouteJu iali ABRU 4l s s s Type3 el

Stubd) e ¢ s & Routing Tables ¢s 4ds 5 ks

Standard J' . Routing Tabled aaxa o) S a8 Routing Tabled! asa szl dllall s2a ilaal e o) LaaSlall (4
J) (23 jay aaalld aasll S (10 Totally Stubby (8 252 sell 8 ad s Stub Area 2 252 s<ll s Ll Area
Default Route e 5 S adizy 43Y 1)k Totally Stubby

Aread! (e Gl el 5f de sane

Sh ip ospf

Show ip ospf Database

Show ip ospf Database nssa-external
LSA 7d g Claslaall de sana ia sl
Show ip route

Aread) ¢ s s 45l ddasale

138 5 <l 555 (o A83le i (585 (S Aread) g 5 o Gl Flag Aread) Jis (b (s 51 o ae Hello packetd) b
SO INEIFE ST

area area-id stub
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Virtual Links-5

‘ Virtual Linksd) a5 JsS 53l 13 Slasa (g 83 2dass
aeb s Area DA (e s A)s Area 0J) o das i Ol gadatiods Gl an 5 (el 8 Lpadll (o g dpnlia¥) 5S40

i m

l-‘—.

\.
¢

Arﬂn1

&;&gijStubAreadlch Q}ﬁyQi%@‘QS&}AFE&O@&%\&}LQ@L\JA\..J';i‘,d.:s.t.ml’" 2] Al leal Sl
Leia

neighbord! o)) sie e Ju ¥ sl Cusy multicast 0S5 s unicast ¢S5 <asw Jall o228 Hello packet Js
EBMER

Configuring Virtual Links

i) (533 i) ey

area area-id virtual-link router-id

LB (e Virtual Links J) ez 585 s S Aread) o8 y:area-id
Neighbordu =&l IDJ! : router-id

ABRsJ! i 0% Virtual Links 2l ;1 Al 3ds e la
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s Hellod) see a3 i packetd! i dila) Jie ciBlass dilia) Saall (10
Router# (config-router) #

area arsa-1d wirtual-link router-id [authentication [message-
digest | null]] {hello-interval =ssconds] [retransmit-interval
seconds] [transmit-delay seconds] [dead-interval secconds]

[ [authentication-key key] | [message-digest-key key-id md5 key]]

» Creates a virtual link

Rlfsh ip ospf

Routing Process "ospf 1000" with ID 10.2.2.2
Supports only single TOS (TOS0) routes
Supports opague LSA

Supports Link-local Signaling (LLS)

Supports area transit capability

It i= an area border router

<output omitted>
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Paramatar

Description

area-id

Assigns an area 1D to the transit area for the virtual link. This 1D
can bae either a decimal value o in dotted-decimal farmat like a
valid IP address. Thare is no default.

The transit area cannat be a stub area.

outar-ig

Fouter ID of the virtual link neighbor. The router 1D appears in tha
show ip ospf command display. There is no default.

authantication

{Optional) Spacfiss an authentication typa.

massage-digast

[Cptional) Specifies the use of message-digest authantication.

el {Cptiznal) Overrides password or message-digest authentication
i canfigured far the area. Authantication is not used.

hello-intarval seconds [Optional) Specifies the time [(in seconds) batwean the hello
packats that the Ciscs 108 software sands on an interface. This
unsigned integer value is advertised in the hellc packets. The
value must be the same for all routers and access sarvers

attached to a comman natwark. The default is 10 seconds.

ratransmit-intarval ssconds {Opticnal) Specifies the time [in seconds) between LSA
mtransmissions for adjacancies baelonging to the intarface. The
value must ba graatar than the axpected round-trip dalay
batwaen any two routers on the attached netwark. The default is

§ saconds.

transmit-dalay seconds [Optional) Specifies the estimated time (in saconds) to sand an
L2U packet on the interface. This integer value must be greater
than zerc. LSAs in the update packet have their age incremeantad
by this amaount before transmissizn. The default value is 1

sacond.

dead-intarval seconds {Optional) Specifies the time [in seconds) that must pass withaut
halic packets baing sean bafora a neighbaring router declaras the
rzuter down. Thare is an unsigned integer value. The default is
four times the default halls interval, or 40 seconds. A with the
hella intarval, this value must bae the same for all routars and

acoess sarvers attached to a comman netwark.

authentication-key key {Optional) Specifies the password used by neighbaring routars.

massage-digest-kay key-id md5 | (Cptiznal) ldentifies the key ID and password used betwean this
ke utar and neighboring routers for MDS authantication. Tha key-id
argument is a number in the range fram 1 to 255. The key
argument is an alphanumeric strng of up to 16 charactars. All
naighbarng routars on the same netwark must have the same
kay 1D and key to route OSFPF traffic. Thare is no default value.

e A
2N
Kujomoto
Hokusai P Area 100 Hiroshige

(RID = 192.168.100.29) (RID = 192.168.100.33)
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o pein gLl Gaa 13 Cus agins Virtual Link dexs o 585 Ol 5 (i Area 0 . Hiroshige— Jw s« Hokusai s,
Ladé Jiale agie 2al 5 OIS o Cus Sesshiu 5 Okyo ¢ Juaiy) Gawai Liay) @l 5 Jual 5ill (5 5a) 43y Hla cllia (555 Area 0
Sesshiu s Okyo o gadil s Hiroshige s Hokusai o g Uil &uas 138 Glalull oo 535 )1 gaals

Glalac Yy

Hokusai's virtual link configuration.

router ospf 10

network 192.168.100.1 0.0.0.0 area O
network 192.168.100.29 0.0.0.0 area O
network 192.168.100.21 0.0.0.0 area 100
area 100 virtual-link 192.168.100.33

Hiroshige's virtual link configuration.

router ospf 10

network 192.168.100.2 0.0.0.0 area O
network 192.168.100.33 0.0.0.0 area O
network 192.168.100.25 0.0.0.0 area 100
area 100 virtual-link 192.168.100.29

Y YA e Virtual Linkdb Asaladl culalae ) ¢ gaail) elikal
Hokusai#show ip ospf virtual-link
Virtual Link OSPF_VL1 to router 192.168.100.33 is up
Run as demand circuit
DoNotAge LSA not allowed (Number of DCbitless LSA is 2).
Transit area 100, via interface SerialO, Cost of using 128
Transmit Delay is 1 sec, State POINT_TO_POINT,
Timer intervals configured, Hello 10, Dead 40, Wait 40, Retransmit 5
Hello due in 00:00:00
Adjacency State FULL (Hello suppressed)
Hokusai#

Route Summarization-6
fas LSA Type 3,5 0 dxa) yas asii () 1sa ) Y

ClS WS G i yas aadally 5 <l ig ) gl @l jlsally Aalall Gllall 320 ana (il ) Summarization J) dddes Caags
Processord) (s 3aa 338 3 Ramdl »S) aas 138 llai WS [ SDBJ) paa
Alany 4SSN ya3e a5y O g Al e B OSPFJ J S 55 0 & By Default <l Summarizationd! oY s

OSPFJ -+ Summarizationd cs e s Sl

Interarea route summarization Jg¥ £ sl

LSA (e 4e sane Jus )l D& (e 138 5 5 31 Area il s Backbone Aread) ox b )l dagas ABRJ! o sty 3alall i
AV A (8 (pee ey duala Baal 5 JS Type 3

O A e el 5 ellgiog 28 Lae luall 13 pald LSA Jlas IS = 30 ABRJ J=xa route summarizationd) ¢ s
<l
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Gl bsall ol IS jLsialy o fy ) LSA e JSTABRUJ) e )3 o 0= Y 4 OSPF Route Summarizationd) s S8
Cad A jaiall G sliall & sene 5l Aread) o2 e J3i Network ID s Subnet mask e (s siadeaal s LSA Type 3
Summarizationd! 13

JUia

Summarization

Routing Table for B LSAs Sent to Router C

0 172.16.8.0 255.255.255.0

0 172.16.9.0 255.255.255.0

0 172.16.10.0 255.255.255.0

0 172.16.11.0 255.255.255.0 Ia 172.16.8.0 255.255.248.0
0 172.16.12.0 255.255.255.0

0 172.16.13.0 255.255.255.0

0 172.16.14.0 255.255.255.0

0 172.16.15.0 255,255,.255.0

0 172.16.16.0 255.255.255.0 |

0 172.16.17.0 255.255.255.0

0 172.16.18.0 255,255.255.0 TA 172.16.8.0 255.255.248.0
0 172.16.19.0 255.255.255.0

12 LSA Jun o e Y2 2 Lsa Type 3 Jux ¢k Summarizationd dee 2 R B Jra (Saall (e O o2e a2
M\ ;\Ji O]y 155 eﬁhﬂ-‘, “—.“)‘“‘ J:\Siﬂh HA} Type3

Configuration Summarization on an ABR
ABRJ e &1 Wils Summarization J) ¢ g sl 13a &

Y iS5 ABR e Ja

area area-id range ip-address ip-address-mask [advertise | not-advertise] [cost cost]

Ll el Summarization Jdes: ABRJ! » & 0 258 lArea J) o) sie a5 £ area area-id

g Goluall JU) 238 Area J) o2 il el Gaddall (5585 G s)llip J Ul s range ip-address ip-address-mask
172.16.8.0 255.255.248.0 oS

:advertise | not-advertise

38 sy Cogee AT Sieas Ranged) 13 ge Gl s ABRJ) 0f lalins s By Default ¢ 55t advertise

5 skaall Aread! Summarizationd)

ranged 1» oo Sle ) il s s ABRJ) O (2 e 138 o8 not-advertise Wl

a5 by Default 4 sale LSA Type 3J) ae 3855 <agu Sl s ranged! 12 (=) Costd) waai Bl - cost cost
@l jusall @lls 8 Cost Bl s,

s Jlia

66



Area 0
172.16.96.0/24 to
172.16.127.0/24

172.16.32.0/24 to
172.16.63.0/24

172.16.95.0/24

Rl {config)f router ospf 100

Rl (config-router) #network 172.16.32.1 0.0.0.0 area 1

Rl (cenfig-router) #network 172.16.96.1 0.0.0.0 area 0

Rl (config-router) $area 0 range 172.16.36.0 255.255.224.0
El (eonfig-router) farea 1 range 172.16.32.0 255.255.224.0

R2 (eonfig) § router cspf 100

B2 (config-router) $network 172 .16.64.1 0.0.0.0 area 2

B2 (config-router) $network 172.16.127.1 0.0.0.0 area 0

B2 (config-router) #area 0 range 172.16.96.0 255, 255.224.0
B2 (config-router) #area 2 range 172.16.64.0 255.255.224.0

Jidl 13 e i BsCid) 7 i ) cash) e 1aa

<l i & Aread) oo 035Y summarization ABRJ) g e Jas (& Al 5 jSdll

a8 S Loy R J i

area 0 range 172.16.96.0 255.255.224.0

¢ el Summarization Jes asiss 138 5e¥) cula Areald 4a se 5oV € Gal da sa 138 5a¥) Ca e J 5V laa Jes b
fRanged) 13 2aa (i€ Jise Al cub | Area 0J adle deas o s

A pgrany g i o gn JSLie 22 53 Y (SY Subnetingd) gl se (8 45 ,S1aay <ol cadd Lo e adiad Y

IS e Juasly ol sie dae sa uslhaall o ixey 172.16.96.0 10 172.16.127.0 e S L Area 0 o 55 oY)
c«YjA

(IR PRREII

172.16.01100000.00000000

172.16.01111111.00000000

172.16.011 s 5 & jide Jale agin e

Net iddb aals &S5 o g S Jmay 4005 ) 5S5 Co g Biit oS ey 138 (il

Network id =172.16.01100000.00000000

Netmaskd! 5S35 < gas 131

Netmask=11111111.11111111.11100000.00000000

255.255.224.0

area 1 range 172.16.32.0 255.255.224.0

b | Area 10 adle Jass o siaw € Gl SUMMarization Jas a st 138 50¥) cala Area0d 4a 5o oY1 § Gal 4a 50 128
‘Ranged) 13 saa (o s Al

¥ US e dyasls olsie dee sl o i%a3 172.16.32.0 t0 172.16.63.0 Ole Sui e Area 1

| TP R JWREIIAY

172.16.00100000.00000000

172.16.00111111.00000000

172.16.001 s 5 & idia dale agin e
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NGt s Fml (555 i 01 o 45 3 S5 i Bt o s 130 e
Network id =172.16.00100000.00000000

Netmaskd) ¢5S5 < g 131
Netmask=11111111.11111111.11100000.00000000
255.255.224.0

i L Ui (01 38l (puiih R2 Al | il

e Jie JU0 ABRJ (8 Jlbsall 253 (6 gus 33 gala
ip route 172.16.32.0 255.255.224.0 Null0

4 gaall A eaad o g EIGRPJ) (o2 (8 Jeaie JS Ledie iaas NUlIO

G salls el 58 5 Argasd! o @l laial Jasy aid Summarizationd) e g s 138 o ol (Saall (e Al i
A ) @l jlal) (il s OSPF ASJ) dala o583 Al

External Route Summarization on an ASBR AUl g sl

ASBRUJ & (e 43 4 685 Cua external routes des Jall &l bl Summarizationdb g=ls sa

s2a) 5 LSA Jus s a5ty LSA Type 5 Jbse JSI Jus Js ASBRJ) asia ) (e 28 (LSA Typeb) slaial N Caagy s
A summary Jexs W e Range (& dus S @l ) 685 o g bk s agic

~ ASBRJ = Al g o) Y

Y e K OSPF) e Jsaall ax

summary-address ip-address mask [not-advertise] [tag tag]
Jla

E;tamal W \

System-RIPv2

Areal

172.16.32.1/24 OSPF
172.16.32.0to 172.16.63.0
255.255.255.0 172.16.64.1/24

\-&JU

R1#

router aspf 100

network 172.16.64.1 0.0.0.0 area 1
summary-address 172.16.32.0 255.255.224.0

ik sale
Of il )i 1) Ll lsse 2 redistributedd) Giadl Jiad) ié | Stal Jasy S RIPA redistributed 13 J &by o)) cas
(ad ) Lisd g o) 1am Aadlall = g il (8 pall 13¢d (a5 Cogan s 18 Ja8 redistributed Jead zliad Cagud (3
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IPVEJ) g il Laie 4 30 Cigus 130 5 IPVE oo A (o J5S 53 ) e sy 585 OSPF V3 (oasss ¢ o llin -2
aal e dadl ol culls J oSiles lnl (SY 58 )88 7 5 5 @i (Jsall ol o) (58w -3

&0
3/11/2008
Ahmed Omar/mnaqQii

69



