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Objetivos

= Explicar porgué se utiliza OSPF multiarea.

= Explicar como OSPF multiarea utiliza anuncios de estado de enlace
para mantener las tablas de enrutamiento.

= Explicar como OSPF establece adyacencias con vecinos en una
iImplementacion OSPF multiarea.

= Configurar en los sistemas multiarea la ruta de resumen en una red
enrutada.

Verificar las operaciones OSPFv2 multiarea.

Eo s gk Gl =



= & &
OSPF Single-area

OSPF Single-area es util en redes pequefias. Si un area es
demasiado grande, los siguientes asuntos deben ser abordados:

Tabla de enrutamiento grande (sin sumarizacion por defecto)
Una gran base de datos de estado de enlace (LSDB)

Los Calculos del algoritmo SPF Frecuentes

A

I'm receiving too
many LSAs.

My SPF algorithm is
running too often
for me to route
properly.

My routing table is too
big and | am running
low on memory.
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Multiarea OSPF

Requiere de un disefio jerarquico de la red y el area principal se
llama el area backbone, o area 0, y todas las otras areas deben
conectarse backbone

Multi-Area OSPF Advantages

Area 1 Area 0 Area 51

I'm now only | now only need to
receiving LSAs run the SPF

from area 0 and algorithm when
My routing table is area 1. there is a change
smaller as it only inarea 0 or area
contains area 1 routes B1.
and a default route.
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OSPF area incremental de dos capas

Multiarea OSPF se implementa en una area jerarquia de dos capas:

Area Backbone (transito) : su funcién es el movimiento rapido y
eficiente de los paquetes IP.

Se Interconecta con otros tipos de area OSPF.

Llamado OSPF area 0, todas las areas se conectan directamente.

Area Regular (nonbackbone) : Se conecta a usuarios y los recursos.

Un area normal no permite el trafico procedente de otra zona para
utilizar sus enlaces para llegar a otras areas.
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Tipos de routers OSPF

Internal Routers Backbone Routers

Internet Internet




Tipos de routers OSPF

Area Border Routers (ABRs)

<n’ﬁrnet

Autonomous System Boundary Router (ASBR)
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Tipos LSA OSPF

SA Type

1
2
3
a

G
7
g
B

and 4

10 ar 11

Router LSA

Metwork L3A
summary L3As

AS Extemal LSA
Multicast OSPF LSA
Defined for N3SAs

Extemnal Attributes L3A for Border Gateway Protocol (BGP)
Opague L3As

Los mas comunes y cubierto en este curso 1-5
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OSPF LSA Tipo 1y 2

Type 1 LSA Message Propagation Type 2 LSA Message Propagation

Internet Internet

I I
| |
Type 1 | Type 1 | Type 1
| —
| |

: : : : +  Type 2 L3As identify the routers and the network addresses of the multiaccess
*  Type 1LSAs include a list of directly connected network prefives and link typas.

links.
* Al routers generate type 1 .LS.HS. + Onlya DR generates a type 2 LSA,
* Type 1LSAs are flooded within the area and do not propagate beyond an ABR. *  Type 2 LSAs are flooded within the multiaccess netwark and do not go beyond an
+ Atype 1 LSA link-state D is identified by the router |D of the originating router. ABR.

+ Atype 2 LSA link-state D iz identified by the DR router (D.
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OSPF LSA Tipo 3y 4

Internet

Type 3 LSA Message Propagation

> I >

I
I I
Typed | Typed Typed | Type3
I
| |

+ Atype 3 LSA describes a network address learnad by type 1 LSAs.

+ Atype 3 LSA s required for every subnet.

* ABRs flood type 3 LSAs to other areas and are regenerated by other ABRs.
v Atype 3 L3A link-state |D is identified by the network address.

+ By default, routes are not summarized.

Type 4 LSA Message Propagation

Internet

] ]
| |
Type 1 I Typed I Typed
| >
I I

Type 4 LSAs are usad to advertize an ASBR to other areas and provide a route to

the ASER.
ABRs generate type 4 LSAs.

Atype 4 LSA is generated by the originating ABR and regenerated by other ABRs.
Atype 4 L5A link-state |D is identified by the router 1D of the ASBR.

T \
-n. - ‘
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OSPF LSA Tipo 5

Type 5 LSA Message Propagation

Internet

Type 5 L53As are used to advertise external {i.e., non-05PF) network addressss.

An ASBR generates a type & LSA.
Type 5 L5As are flooded throughout the area and regenerated by other ABR=.
Atype & LSA link-state 1D is the external network address.

By default, routes are not summarized.
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Entradas de la tabla Enrutamiento OSPF

Gatevay of last resort fs 192.168.10.2 to network 0.0.0.0

- O ROUter (tlpo 1) y de red 0452 0,0.0.0/0 [110/1) via 192.168.10.2, 00:00:19, serial0/0/0
(t|p0 2) los LSAs describen 10,0.0.0/8 is variably subnetted, 5 subnets, 2 masks

, 10,1.1.0/24 i directly connected, Gigabitsthernet0/0
detalles dentro de un area

c
L 10.1,1.1/32 i directly connected, Gigabitsthernetd/0
€ 10.1.2.0/24 is directly connected, Gigabitsthernet(/l

(ruta dentro de zona L

0

10.1,2,1/32 is directly connected, GigabitEtharnet(/1

- 10.2,1.0/24 [110/648] vu m 163 w 2 00: 0! 3, muLO/O/o
(intraarea)). ol (821601002 M0 Seataleyo)
192,168.10.0/24 is nriably smm, 3 vubm.s, 2 masks E
¢ 192.168.10.0/30 is directly comnected, Serialo/0/0
L 192.168.10.1/32 is directly comnected, Seriald/0/0
= O IA - Resumen de I—SA 0 192.168.10.4/30 [110/1294) vin 192.168.10,2, 00:01:55,8exial0/0/0
aparecen en la tabla como | e et e e e e

|A (rutas entre areas) . via resc::zl secialososo

2001 :OR8:CArE:1::/64 [C/0]
wia Gigabit=thernetld/0, directly connected
2001 : DBS8:CAFE:21::1/128 [0/0)

|o=2 z:2/0 [310/71), tag 1O
c
L
via Gignbit!:t.hexmtb/o, receive
o

2001 : B8 :CAFE: 2"/6‘. [Z10/648)
wvia ¥

= O E1 o0 OE 2 LSA Externas

tipo 1 (E1) o rutas externas L 200110B81CAPEIADSL 1Ar128 (0700
. via Serialid/C/0, receive
2001 : 8= tAD02::/6 [ o 294
tipo 2 (E2) o S e n L [ienn
L EFO0O::/8 [0/0)

wia Null0, receive

B ek BB 8
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OSPF Calculo de Ruta

1. Todos los routers calculan Steps to OSPF Convergence
las mejores rutas a
destinos en su area (intra- RIY show 1p 2outs | begin Crbowy

Gateway of last resort is 192.168.10.2 to network 0.0.0.0

area) y anade estas 9 O*E2 0.0.0.040 [110/1] via 192.168.10.2, 00:00:1%, Serial/0/D
10.0.0.0/8 iz wvariably subnetted, 5 subnets, 2 masks

entradaS a Ia tabla' C 10.1.1.0/24 iz directly connected, SigabitEtherneti/0

: L 10,1.1.1/32 iz directly connected, SigabitEtherneti/0

2. Calculan las mejores rutas ©  10..2.0/24 s dizactly conected, Gigabitethermet/]

de acceso a OtraS éreaS L 10,1,2.1/32 iz directly connected, GigabitEthernmetd/1

]

i 0 Ia 192.168.1.0/24 [110/1295] via 192.168.10.2, 00:01:48,5eriald/0/0
dentr(), de Ia red Interna 0 Ia 192.168.2.0/24 [110/1235] wia 1%2.168.10.2, 00:01:44,8eriald /00
(|nter area) o LSA t|p0 3 y 192.168.10.0/24 is variably subnetted, 3 subnets, 2 masks

©0

10.2.1.0/24 [110/648] wia 192 .16E.10.2, 00:04:34,3erialos0/0
192.168.10.0/30 is directly connected, Serialn/n/d

1

tlpo 4. L 192,183.10.1/32 ig directly E:c:rmen:ted, Serialnsosg .
. o ] 192.168.10.4/30 [110/1294] wia 192.168.10.2, 00:01:55,8eriald/0s0
3. Calculan las mejores rutas ¢
al destino del sistema ’
aUtC')nOmO eXtemO (t|p0 5) = Calculate intra-area O5PF routes.,
EStOS S€ |nd|Can, ya sea : EZ:EE:ZI: E::I EZ:E T'.;LT;EE:;;::?;FH;U—EE;#‘F networks.
conun O E1 oun O E2 de
ruta
PSRN | : / ‘ e
== us) S PGl
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Implementando OSPF multiarea

Pasos de Implementacion

1. Gather the network requirements and parameters. S
2. Define the OSPF parameters. 10.2.1.0/24
3. Configure OSPF.

4. Verify OSPF.

Rl (config)# router ospf 10

Rl {config-router)# rouwter-id 1.1.1.1

Rl (config-router)# network 10.1.1.1 0.0.0.0 area 1

Rl {config-router)# network 10.1.2.1 0.0.0.0 area 1

Rl (config-router)# network 192.168.10.1 0.0.0.0 area 0
Rl {config-router) ¥ end

Rl4

192.168.10.4/30

192.168.10./30

10.1.1.0/24 10.1.2.0/24 192.168.1.0/24  192.168.2.0/24
Area 1 Area 2

- Sl =
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Implementando OSPFv3 multiarea

Area 0
2001:DB8:CAFE:2::/64

el iln] Rl (config)# ipvé router ospf 10

Bl {config-rtr)$ router-id 1.1.1.1

Bl (config-rtr)f exit

Bl (config)#

Rl (config)# interface GigabitEthernet 0/0
Rl (config-if)# ipvé ospf 10 area 1
Bl (config-if)#

Bl (config-if}#4 interface Serial(/0/0
Bl (config-if)# ipv6 ospf 10 area 0
Rl ({config-if)# end

R1#

20M:DE&:CAFE: A001::/64 2001:DE&:CAFE:ADD2Z::/64

LLA: FESO:

2001:DE8:CAFE:1::/64 2001:DE8:CAFE: 3::/64

Area 1 Area 2
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OSPF resumen de ruta

Propagating a Summary Route

= R1 reenvia un
LSA de resumen
al router del core
Cl1.

Summarized LSV
type 3
= Cl, a su vez,

envia la LSA de
resumen para R2
y R3.

Area 0 Backbone

Summarized LSA
Wﬂ 3

Summarized L5A
type 3

‘Summarized
L3A type 3

"R2 y R3 o

reenvian a Sus Area 1 Arsa 3
respectivos
routers internos.
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Ocurre en los ABR y se aplica a las
rutas dentro de cada area

Summarizing Interarea Routes on ABRs

Area 0
10.2.1.0/24

EIGRF:\\

(172.16.0.0/24 -
172.16.31.0/24)

Summarize many
routes into one LSA
0

192.168.2.0/24

Summarize many i
routes into one LSA

10.1.1.0/24

Area 1

192.168.1.0/24
Area 2

R

Especifico para rutas externas que
se inyectan en OSPF a través de la
redistribucion de rutas; los ASBRs
resumen rutas externas

‘ ‘
oo ]

Interarea y resumen de ruta Externa

Summarizing External Routes on an ASBER

Area 0
10.2.1.0/24

EIGRP
(172.16.0.0/24 -
172.16.31.0/24)

Summarize many
routes into one LSA

192.168.2.0/24

Summarize many ]
routes into one LSA

10.1.1.0/24
Area 1

192.168.1.0/24
Area 2
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Resumen de ruta Interarea

Verify the R1 Routing Table Before Summarization

Summarizing Interarea Routes on ABRs =7 show ip Toute ospf | begin Gat

Gateway of last resort is not set

10.0.0.0/8 is variably subnetted, 5 subnets, 2 masks

Area 0 0 10.2.1.0/24 [110/648] via 192.168.10.2, 00:00:49,
garialn/fasn
10.2.1.0124 0 In 192.168.1.0/24 [110/1295] wvia 192.168.10.2, 00:00:49,
sariald/fo/0
0 In 102.168.2.0/24 [110/1295] wia 192.168.10.2, 00:00:49,
serialls0/0
EIGRP 192.168.10.0/24 is variably subnetted, 3 subnets, 2
(172.16.0.0/24 = mazks
172.16.31.0/24) o 192.168.10.4/30 [110/1294] via 192.168.10.2,

00:00:49, serial0s0/0

Send summary Verify the R3 Routing Table Before Summarization

route 10.1.0.0/22

B3¥ show ip route ospf | begin Gateway
zateway of last resort is not sst

10.0.0.0/24 iz subnetted, 3 subnets

0 In 10.1.1.0 [110/1285] wia 192.165.10.5, 00:27:14, seriald/ofl

0 In 10.1.2.0 [110/1285] wia 192.165.10.5, 00:27:14, seriald/ofl

o] 10.2.1.0 [110/648] wia 182_163.10.5, 00:27:57, seriald/osl
192.168.10.0/24 1z wvariably subnetted, 3 subnets, 2 mashs

8] 182.168.10.0/30 [110/12%4] wia 192.1€8.10.5, 00:27:157,

sarial0s0/1
B3¥
10.1.1.0/24 10.1.2.0/24 192.168.1.0/24  192.168.2.0/24
Area 1 Area 2

e
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Calculo de laruta de resumen

Summarizing Interarea Routes on ABRs

I
| Some Bits Are
Step 1 Stap ! Different
10.1.1.0 ﬂﬂﬂﬂlﬂlﬂ.ﬂﬂﬂﬂﬂﬂﬂl.DDDDDD:GI.DODDDDM Areal
L 10.2.1.0/124

10.1.2.0 00001010.00000001. Dﬂﬂﬂﬂﬂ:lﬂ.ﬂﬂﬂﬂﬂﬂﬂﬂ

EIGRP
(172.16.0.0/24 =
172.16.31.0/24)

First 22 Bits Match

Step

Send summary
' route 10.1.0.0/22

10.1.1.0 00001010.00000001. OMOOD:DD.MOOOODD
255.265.252.0 | 11111111.11111111.111111,00.00000000
|
f
|
I

22

10.1.1.0/24 10.1.2.0/124 192.168.1.0/24  192.168.2.0/24
10.1.0.0/22¢ 10.1.0.0 255.255.252.0 Area 1 Area 2
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Configuracion del resumen de ruta Interarea

Rl (config) 4 router ospf 10

Rl (config-router) 4 area 1 range 10.1.0.0 255.255.252.0
Rl (config-router) i

F:{:L | J

Rl4 show ip route ospf | begin Gateway
cateway of last resort is not set

10.0.0.0/8 is wariably subnetted, & subnets, 3 masks
n] 10.1.0.0/22 3 T O0:00:0%, mMullo <
o 10.2.1.0/24 [110/648] via [92.168.10.2, 00:00:08,
Serialn/0/f0
o0 IR 1%2.168.1.0/24 [110/1295] vial 192.168.10.2, Q0:00:0%,

serialo/o/a R3

o Ia 192.168.2.0/24 [110/1295]) wvig 192.1€8.10.2, 040:0

Seriallt/0/4 . . R34 show ip route ospf | begin Gateway
192.168.10.0/24 iz wariakly sphibnetted, 3 subnets Gateway of last resort is not set

mazks
o 192‘?53‘1ﬂ‘4£3ﬂ [110/1254]f via 192.168.10.2, 10.0.0.0/8 is variably subnetted, 2 subnets, 2 masks
00:00:09, SerialD/0/0 > o012 10.1.0.0/22 [110/1295] wvia 192.168.10.5, Q0:00:06,
R1# serialn/D/1
] 10.2.1.0/24 [110/648] wia 192 .168.10.5, 00:29:23,
b serialn/o/l
192.168.10.0/24 iz wariably subnetted, 3 subnets, 2
mazks
] 192, 168.10.0/30 [110/1294] wia 1%2.168.10.5,
D0:29:23, Serialn/o/1l
R3%
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Verificacion multiarea de OSPF

Los mismos comandos para verificar OSPF de una sola area se
utilizan para verificar multiarea OSPF:

= show ip ospf neighbor

= show ip ospf

= show ip ospf interface

Comandos especificos para informacion multiarea incluyen :
= show ip protocols

= show ip ospf interface brief

= show ip route ospf

= show ip ospf database

Nota: Para OSPFv3, sustituya IP por IPv6
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Verificacion general de caracteristicas de multiarea OSPF

Rl14 show ip protocols
**+ TP Routing is WNSF aware *+*

Routing Protocol is "ospf 107
outgoing update filter list for all interfaces is not
Incoming update filter list for all interfaces iz not
Router ID 1.1.1.1
It iz an area berder router
Humber of areas in this router is 2. 2 normal 0 stub @
Maximum path: 4
Routing for wetworks:
10.1.1.1 0.0.0.0 area 1
10.1.2.1 0.0.0.0 area 1
1%2.168.10.1 0.0.0.0 area O
Routing Information Scurces:

Gateway Distance Last Update
4.3.3.3 110 02:20:36
2.2.2.2 110 d2:20:3%

Distance: (default is 114}

Rl#

Rl% show ip ospf interface brief

Interface PID Area IP Addreas/Mask Coat State Whra
5ed/0/0 14 ] 192.168.10.1/30 &4 B2P 1/1
Gids1 10 1 10.1.2.1724 1 LR a/0
Gi0/s0 10 1 10.1.1.1/724 1 LR a/0
Rl#

k14 show ip route ospf | begin Gateway
Gateway of last resort is not set

10.0.0.0/8 1s variably subnetted, 5 subnets, 2 masks
0 10.2.1.0/24 [110/648] wvia 192.168.10.2, 00:26:03,
seriald/0/0
0 IA 192.168.1.0/24 [110/1295] via 192.168.10.2, 00:26:03,
seriald/0/0
0 Ix 192.168,2.0/24 [110/1295] via 192.168.10.2, 00:26:03,
seriald/0/0
192.168.10.0/24 is variably subnetted,3 subnets,? masks
0 192,168.10.4/30 [110/1294] via 192.168.10.2, 00:26:03,
8eriald/0/0
R14

T e e =
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Verificacion mu

tiarea OSPFv3

Area 0
2001:DBB:CAFE:2::/64

2001:DBB:CAFE:1::/64
Area 1

2001:DBB:CAFE:3::/64
Area 2

RL¥ show ipvé ospf interface brief

Interface FID  Rrea Intf 1D ozt State Wbrs F/C
3a0/040 10 i} [ 647 BEp 171
EL0/0 10 1 3 1 DE 0/0

rRi§

2001:DB8:CAFE:A002::/64

= e e SR

Rl¥ show ipvé protocols
IFvE Fouting Frotoocol is "connected®
IFvE Fouting Frotoocol is ™wo™
Ieve Eouting Frotoocol is "ogpf 1O
Eouter ID 1.1.1.1
Area border router
Humber of arsas: 2 normal, O stub, O nssa
Interfaces {Area 0):
Serialds/os0
Interfaces {Area 1):
GigabitEthernetn/ o
Redistributicn:
Hone
r1¥

Rl¥ show ipvé route oaspf

IBvE Routing Table - default - B entries

Codes: € - connected, L - Lacal, 8 - static, T - Per—user Static
routea

B - BGF, R - RIF, H — NHRF, Il - I5I3 Ll

I2 - ISIS L2, [A - ISIS interarea, I5 - ISIS summary, D -
EIGEFP

EX - EIGRP external, WO - WD Default, WDp - WD Prefix, DCE -
cestination

HDr - Bedirect, 0 - QSPF Intra, OI - COSPF Inter, OEl - OSEF

axt 1
OEZ - 08PF ext 2, OMN1 - CEFF H32R ext 1, OMZ - OBPF H33R ext &
o] 2001 :DBE:CAFE:2::/84 [110/848]
via FEBQ::2, serialds0s0
0I 2001:DBR:CAFE:3:r:fed [110/12%5]
wia FEBD::2, Beriald/0/0
8] 2001 :DBR:CAFE:RO02: 1 fad [110712%4]
via FEBO::2, seriald/s0/ 0
=88 3
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Resumen de Multiarea OSPF

= Es la mejor opcidon para redes mas grandes que de una sola area.

= Resuelve problemas de la tablas grandes y de LSDB, y los calculos
frecuentes del algoritmo SPF.

= El area principal area backbone, o area 0.
= Los recalculos de la base de datos se mantienen dentro de un area.
= Cuatro diferentes tipos de routers OSPF:

= Router interno, Backbone, ABR, ASBR

= Un router se convierte en un ABR cuando tiene dos de sus redes en
diferentes areas
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Resumen de Multiarea OSPF

Los Anuncios de estado de enlace (LSA) son basicos de OSPF.

fF

= LSA Tipo 1 las entradas de los enlaces del router.

= LSA Tipo 2 las entradas de los enlaces de red y se inundan por un
DR.

= LSA Tipo 3 las entradas de los enlace de resumen que se crean y se
propagan por el ABR.

= LSA resumen tipo 4 generados por un ABR so6lo cuando existe un
ASBR dentro de un area.

= LSA Tipo 5 externos rutas a redes fuera del SA OSPF, originados
por el ASBR y se inundan a todo el sistema autonomo.

= Las Rutas OSPF en unatablaIPv4: O, O IA, O E1 0 O E2.

== )
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Resumen de Multiarea OSPF

" Rl (config)# router ospf 10
R1 (config-router)# router-id 1.1.1.1
R1 (config-router)# network 10.1.1.1 0.0.0.0 area 1
R1 (config-router)# network 10.1.2.1 0.0.0.0 area 1
R1 (config-router) # network 192.168.10.1 0.0.0.0 area 0

= No realiza la autosummarization, pero se puede configurar de forma
manual utilizando el comando summary-address address mask
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Resumen de Multiarea OSPF

= show ip ospf neighbor
= show ip ospf
= show ip ospf interface
= show ip protocols
= show ip ospf interface brief

= show ip route ospf

= show ip ospf database
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