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Rl#show i p ospf database
OSPF Router with ID (1.1.1.1) (Process ID 1)

Router Link States (Area 0)

Link ID ADV Rout er Age Seq# Checksum Li nk count
1.1.1.1 1.1.1.1 22 0x8000000C 0x00CD7A 2
4.4.4.4 4.4.4.4 289 0x8000000F 0x00434E 4
6.6.6.6 6.6.6.6 374 0x80000009 0x00630A 3

Summary Net Link States (Area 0)
Link ID ADV Rout er Age Seq# Checksum
192.168.13.0 1.1.1.1 18 0x80000001 0x00348D
192.168.13.0 4.4.4.4 207 0x80000001 0Ox00E3DO
192.168.34.0 1.1.1.1 8 0x80000001 0x005655
192.168.34.0 4.4.4.4 683 0x80000001 OxO00F1AE

Router Link States (Area 1)
Link ID ADV Rout er Age Seq# Checksum Li nk count
1.1.1.1 1.1.1.1 17 0x80000009 0x00EC2B 2
3.3.3.3 3.3.3.3 18 0x8000000E 0x005A64 4
4.4.4.4 4.4.4.4 544 0x80000005 0x0007CF 2



Sunmary Net Link States (Area 1)

Link 1D ADV Rout er Age Seq# Checksum
155.1.37.0 3.3.3.3 1558 0x80000004 0x00A7C3
192.0.2.100 1.1.1.1 23 0x80000001 0x009FOC  <- R6 Loopback
192.0.2.100 4.4.4.4 370 0x80000001 O0x0059AA  <- R6 Loopback
192.168.14.0 1.1.1.1 23 0x80000001 0x000B52
192.168.14.0 4.4.4.4 331 0x80000001 OxOO0CEE5
192.168.34.0 1.1.1.1 3608 0x80000002 0x00406C
192.168.46.0 1.1.1.1 23 0x80000001 0x00B388
192.168.46.0 4.4.4.4 484 0x80000001 0x006D27

MEREEG |, RIATUEZIR1EIIR4ZRAIRG Lo100:192.0.2.100/E R FE3FCELSA , R1tbE B A REIFKCELSA , BN EHIERG Lo100:192.0.2.100E
XiEA £F, EUTHEEP , RINTAEER6EFERET192.0.2.100,

Rl#show i p ospf da router 6.6.6.6
OSPF Router with ID (1.1.1.1) (Process ID 1)
Router Link States (Area 0)

LS age: 614

Options: (No TGS-capability, DC)
LS Type: Router Links

Link State ID: 6.6.6.6
Advertising Router: 6.6.6.6

LS Seq Nunber: 8000000D
Checksum O0x5BOE

Length: 60

Nunmber of Links: 3

Link connected to: a Stub Network

(Link ID) Network/subnet number: 192.0.2.100 <-- Loopback 100 directly connected
(Link Data) Network Mask: 255.255.255.255

Number of MTID metrics: 0

TOS 0 Metrics: 1

Li nk connected to: another Router (point-to-point)
(Link I'D) Neighboring Router ID 4.4.4.4

(Link Data) Router Interface address: 192.168.46.6
Nunber of MIID netrics: O

TOS 0 Metrics: 1

Li nk connected to: a Stub Network

(Link I D) Network/subnet nunber: 192.168.46.0
(Link Data) Network Msk: 255.255.255.0
Nunber of MIID netrics: O

TOS 0 Metrics: 1

B ERFC 2328%816.2F

16.2. Calculating the inter-area routes

(5) Next, look up the routing table entry for the destination N
(I'f Nis an AS boundary router, look up the "router" routing
table entry associated with Area A). If no entry exists for



Nor if the entry's path type is "type 1 external" or "type
2 external", then install the inter-area path to N, with
associ ated area Area A, cost |AC, next hop equal to the list
of next hops to router BR and Advertising router equal to
BR.

(6) Else, if the paths present in the table are intra-area
paths, do nothing with the LSA (intra-area paths are always
preferred).

(7) Else, the paths present in the routing table are also
inter-area paths. Install the new path through BR if it is
cheaper, overriding the paths in the routing table.

O herwise, if the new path is the same cost, add it to the
list of paths that appear in the routing table entry.

ELRmds , BNTUFHCRREEARBALTXERERB, Bt , ERMNOHIF , BIERFC 2328 RINEEZBIXHAET.

UENBERHPRENRIATS

Rl#show i p ospf rib 192.0.2.100
OSPF Router with ID (1.1.1.1) (Process ID 1)
Base Topol ogy (Ml D 0)

OSPF | ocal R B
Codes: * - Best, > - Installed in global RIB
LSA: type/LSI D ori gi nator

*> 192.0.2.100/32, Intra, cost 102, area O

SPF I nstance 9, age 02:19: 34

Flags: RIB, H Prio

via 192.168.14.4, GigabitEthernet3 label 1048578
Flags: RIB

LSA: 1/6.6.6.6/6.6.6.6

Rl#show i p route 192.0.2.100

Routing entry for 192.0.2.100/32
Known via "ospf 1", distance 110, metric 102, type intra area
Last update from 192. 168. 14. 4 on G gabitEthernet3, 02:26:29 ago
Routi ng Descriptor Bl ocks:
* 192.168.14.4, from6.6.6.6, 02:26:29 ago, via G gabitEthernet3
Route nmetric is 102, traffic share count is 1

MNEEHHERETAEE , RNEENRFE T X1H03 ER6 loopback100, EH#BRSHFEES , RIVEMEBIRIFRAN XiZE B R, BERIIREM B L
LSAMIFFEER2 , AR -

Rl#show i p ospf database summary 192.0.2.100
OSPF Router with ID (1.1.1.1) (Process ID 1)
Summary Net Link States (Area 1)

LS age: 523

Options: (No TCS-capability, DC, Upward)

LS Type: Summary Li nks( Networ k)

Link State 1D 192.0.2.100 (sunmmary Network Nunber)
Advertising Router: 1.1.1.1

LS Seq Number: 80000005



Checksum 0x9710
Lengt h: 28
Net wor k Mask: /32
MIID:. O Metric: 102

LS age: 973
Options: (No TOS-capability, DC, Upward)
LS Type: Sunmmary Li nks( Networ k)
Link State ID: 192.0.2.100 (summary Network Number)
Advertising Router: 4.4.4.4 <- This is Type-3 LSA injected by ABR R4
LS Seq Number: 80000005
Checksum Ox51AE
Lengt h: 28
Net wor k Mask: /32
MIID: O Metric: 2
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6. The Area Data Structure

TransitCapability
This parameter indicates whether the area can carry data traffic
that neither originates nor terminates in the area itself. This
paraneter is calculated when the area's shortest-path tree is
built (see Section 16.1, where TransitCapability is set to TRUE
if and only if there are one or nore fully adjacent virtual
links using the area as Transit area), and is used as an input
to a subsequent step of the routing table build process (see
Section 16.3). Wen an area's TransitCapability is set to TRUE,
the area is said to be a "transit area".

FERFC 2328%16.17F

16.1 Calculating the shortest-path tree for an area

(2) Call the vertex just added to the tree vertex V. Exan ne
the LSA associated with vertex V. This is a |lookup in the
Area A's link state database based on the Vertex ID. If
this is a router-LSA, and bit V of the router-LSA (see
Section A.4.2) is set, set Area A's TransitCapability to
TRUE. |n any case, each link described by the LSA gives the
cost to an adjacent vertex. For each described link, (say
it joins vertex Vto vertex W:

MRFCHH EIRFBAH , RITATAEE , BEMABLSATRE T VAR , RIMEEHPRE T RN EWMENXE , 5¥F , £E1TDikstraZ &R |, ZXIEH
TransitCapability 2 E##Y



—BRNABNRRETVA , TUREMNKFR NIRRT , WXAARERTEE T HIEE  MIABRAT  OSPFREEHINEERA.

Rl#show run all | sec ospf
router ospf 1

capability opaque
capability Ils

capability transit

EERFIFREVE , RITFIEZMRIFIRANELIEEE . BIHEBEERN , RINNEBERF1XLSAPREMNVAL

R3(config)#router ospf 1
R3(config-router)#area 1 virtual-link 4.4.4.4

R3#show i p ospf interface brief

Interface PID Area | P Addr ess/ Mask Cost State Nors F/C

VLO 1 0 192.168.34.3/24 1 P2P 1/1 <-- Here we have
Virtual-link present and 1 neighborship over VLO

G3 1 0 192. 168. 80. 3/ 24 1 DR 0/0

G2 1 1 192. 168. 13. 3/ 24 1 P2P 1/1

Gl 1 1 192. 168. 34. 3/ 24 1 P2P 1/1

R3#

WE , RIRERIXF1HE1ELSA,

R3#show i p ospf 1 1 database router 3.3.3.3 OSPF Router with ID (3.3.3.3) (Process ID 1) Router Link States (Area 1)
LS age: 189 Options: (No TOS-capability, DC) LS Type: Router Links Link State ID: 3.3.3.3 Advertising Router:
3.3.3.3 LS Seq Nunber: 80000018 Checksum O0x525E Length: 72 Area Border Router Virtual Link Endpoint <- V-bit
set

Number of Links: 4

Li nk connected to: another Router (point-to-point)
(Link I D) Neighboring Router ID: 1.1.1.1
(Link Data) Router Interface address: 192.168.13.3
Nunmber of MIID netrics: O
TOS 0 Metrics: 1

Li nk connected to: a Stub Network
(Link 1 D) Network/subnet number: 192.168.13.0
(Li nk Data) Network Mask: 255.255.255.0
Nurmber of MTID metrics: O
TOS 0 Metrics: 1

Li nk connected to: another Router (point-to-point)
(Link I D) Neighboring Router ID: 4.4.4.4
(Link Data) Router Interface address: 192.168.34.3
Nunmber of MIID netrics: O
TOS 0 Metrics: 1

Li nk connected to: a Stub Network
(Link 1 D) Network/subnet number: 192.168.34.0
(Link Data) Network Mask: 255.255.255.0
Nurmber of MTID metrics: O
TOS 0 Metrics: 1

wmERERAR , RIAEEEKIFIMEIRLSALRE TV , A ERBHERFIEA T LR,



BAIETUEE , RIEUTH BRI XE1EH T L& H !

Rl#show i p ospf
Routing Process "ospf 1" with ID 1.1.1.1
Start time: 00:02:48.412, Time el apsed: 01:27:00.690
Supports only single TOS(TOS0) routes
Supports opaque LSA
Supports Link-1ocal Signaling (LLS)
Supports area transit capability
Supports NSSA (conpatible with RFC 3101)
Supports Dat abase Exchange Summary List Optimization (RFC 5243)
Event -1 og enabl ed, Maxi mum nunber of events: 1000, Mdde: cyclic
It is an area border router
Router is not originating router-LSAs with nmaxi numnetric
Initial SPF schedul e del ay 5000 nsecs
M ni mum hol d tine between two consecutive SPFs 10000 nsecs
Maxi mum wait tine between two consecutive SPFs 10000 nsecs
I ncrenent al - SPF di sabl ed
M ni mum LSA interval 5 secs
M ni mum LSA arrival 1000 nsecs
LSA group pacing timer 240 secs
Interface flood pacing tiner 33 nsecs
Ret ransmi ssion pacing timer 66 nsecs
EXCHANGE/ LOADI NG adj acency limt: initial 300, process maxi mum 300
Nunber of external LSA 0. Checksum Sum 0x000000
Nurmber of opaque AS LSA 0. Checksum Sum 0x000000
Nurmber of DCbitless external and opaque AS LSA 0
Nurmber of DoNot Age external and opaque AS LSA O
Nunber of areas in this router is 2. 2 normal O stub O nssa
Nurmber of areas transit capable is 1
External flood list length O
| ETF NSF hel per support enabl ed
Ci sco NSF hel per support enabl ed
Ref erence bandwi dth unit is 100 nbps
Area BACKBONE( 0)
Nunmber of interfaces in this areais 1
Area has no authentication
SPF al gorithm | ast executed 00: 00: 33. 554 ago
SPF al gorithm executed 11 tines
Area ranges are
Number of LSA 10. Checksum Sum Ox05EB7B
Nurmber of opaque |ink LSA 0. Checksum Sum 0x000000
Nunmber of DChitless LSA O
Nunmber of indication LSA O
Nurmber of DoNot Age LSA 3
Flood list Iength O

Area 1
Nunber of interfaces in this areais 1
This area has transit capability <-- This area is transit capabile

Area has no authentication

SPF al gorithm | ast executed 00: 00: 04. 259 ago

SPF al gorithm executed 8 tines

Area ranges are

Number of LSA 10. Checksum Sum 0x0517AA

Nurmber of opaque |ink LSA 0. Checksum Sum 0x000000
Nunmber of DChitless LSA O

Nunmber of indication LSA O

Nurmber of DoNot Age LSA 0

Flood list Iength O



BT XE1NEBSMARERANFERXE , RERMNAENZAEINTERNRFULE/ LT, EROVE-NMIRD , BINOUGTFEE.
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16.3. Examining transit areas' sunmary-LSAs

This step is only performed by area border routers attached to
one or more non-backbone areas that are capable of carrying
transit traffic (i.e., "transit areas", or those areas whose
TransitCapability paraneter has been set to TRUE in Step 2 of
the Dijkstra algorithm (see Section 16.1).

The purpose of the calculation belowis to examne the transit
areas to see whether they provide any better (shorter) paths
than the paths previously calculated in Sections 16.1 and 16. 2.
Any paths found that are better than or equal to previously

di scovered paths are installed in the routing table.

BIEERFC , MRXFZFHE , NFLRMRFC 23285816.3T HATRH R ZEITE

AR EAS , ERERATESKEIRXPREERRE , EhREERRRANIFEETREREELER. ROFH , ELSRAFEIXBRRD
“RR , EFAERRSRANEREE,

BRIZR1 L2 7 thaetk . LBAIIERAtraceroute e EEE B FIRGIAE 1t : 100 192.0.2. 1008 8§ &,

R1#traceroute 192.0.2.100

Tracing the route to 192.0.2.100

VRF info: (vrf in name/id, vrf out name/id)
1 192.168.14.4 2 nsec 2 nmsec 2 nsec <--R4
2 192.168.46.6 3 nsec 3 nsec * <--R6

EXSIFBESIVRERALEE , RITSNENTAE

Rl#debug i p ospf spf intra

OSPF SPF intra debugging is on

Rl#debug i p ospf spf inter OSPF SPF inter debugging is on Rl#conf Enter configuration conmands,
one per line. End with CNTL/Z. Rl(config)#router ospf 1 Rl(config-router)#capability transit
Rl(config-router)#

*Aug 14 15:28:07.934: OSPF-1 INTER: Running spf for summaries in transit area 1

*Aug 14 15:28:07.934: OSPF-1 INTER Summary transit processing |sid 192.0.2.100 adv_rtr 4.4.4. 4
type 3 seq 0x8000000B

*Aug 14 15:28:07.934: OSPF-1 INTER Sunmary metric 2

*Aug 14 15:28:07.934: OSPF-1 INTER found best path to adv_rtr:

i,ABR [2] via 192.168.13.3, G gabitEthernetl, Area 1 orp_txit_adv_rtr 0.0.0.0 pathflag 0x0

*Aug 14 15:28:07.934: OSPF-1 INTER Add transit path via area 1

*Aug 14 15:28:07.934: OSPF-1 SPF : Exist path: next-hop 192.168.13.3, interface G gabitEthernetl
*Aug 14 15:28:07.934: OSPF-1 INTRA: Route update succeeded for 192.0.2.100/255.255.255.255,
metric 4, Next Hop: GigabitEthernetl1l/192.168.13.3 area 0

M |, RN ERTI A HZIR6 loopback100

Rl#show i p ospf rib 192.0.2.100



OSPF Router with ID (1.1.1.1) (Process ID 1)

Base Topol ogy (Ml D 0)

OSPF |l ocal RIB
Codes: * - Best, > - Installed in global R B
LSA: type/LSI D ori gi nat or

*> 192.0.2.100/32, Intra, cost 4, area O
SPF I nstance 14, age 00:12: 28
Flags: RIB, H Prio, Transit
via 192.168.13.3, G gabitEthernetl | abel 1048578
Fl ags: RIB
LSA: 1/6.6.6.6/6.6.6.6

Rl#show i p route 192.0. 2. 100
Routing entry for 192.0.2.100/32
Known via "ospf 1", distance 110, netric 4, type intra area
Last update from 192. 168. 13.3 on G gabit Et hernet1, 00:01: 26 ago
Routi ng Descriptor Bl ocks:

* 192.168.13.3, from 6.6.6.6, 00:01:26 ago, via GigabitEthernetl
Route netric is 4, traffic share count is 1

NAABNEBIXEA MR RXEE ? ERFC 23285816.37H , BARE , EHTHRBUTERN , W0
REAERERXE (RE3 ) LEFRENTHE , RINNERTRN T —Bt. XERRMNE LR H
REINITA. ARV T —HER , BERREEFRSMN.

FBRFC 2328%816.3 1

16.3. Examining transit areas' summary-LSAs

(4) Look up the routing table entry for the advertising router
BR associated with the Area A. If it is unreachable, exam ne
the next LSA. O herwi se, the cost to destination Nis the

sum of the cost in BRs Area A routing table entry and the
cost advertised in the LSA Call this cost |AC

(5) If this cost is less than the cost occurring in N's routing
table entry, overwrite N's list of next hops with those used
for BR, and set N's routing table cost to IAC. Else, if |IAC
is the sane as N s current cost, add BR s |ist of next hops
to Ns list of next hops. In any case, the area associ ated
with Ns routing table entry nust remain the backbone area,
and the path type (either intra-area or inter-area) nust

al so remai n the sane.
RUMEEEFXFEEIL , MTAREILXEHNEH , RECERAEPRIAXBHEH, RIVEFEHETT —BS5XiHoEXx

Rl#show i p ospf nei ghbor

Nei ghbor 1D Pri State Dead Ti ne Addr ess Interface
4.4.4.4 0 FULL/ - 00: 00: 39 192.168.14. 4 G gabi t Et hernet 3
3.3.3.3 0 FULL/ - 00:00:32 192.168.13.3 GigabitEthernetl

Rl#show i p ospf nei ghbor detail

Nei ghbor 4.4.4.4, interface address 192.168.14.4
In the area 0 via interface G gabitEthernet3



Nei ghbor priority is 0, State is FULL, 6 state changes

DRis 0.0.0.0 BDRis 0.0.0.0

ptions is 0x12 in Hello (E-bit, L-bit)

ptions is 0x52 in DBD (E-bit, L-bit, Obit)

LLS Options is 0x1 (LR

Dead tinmer due in 00:00: 36

Nei ghbor is up for 00:30: 20

Index 1/1/1, retransm ssion queue |length 0, nunber of retransm ssion 3
First 0x0(0)/0x0(0)/0x0(0) Next 0x0(0)/0x0(0)/0x0(0)

Last retransmi ssion scan length is 1, maximumis 2

Last retransm ssion scan tine is 135 nsec, maximumis 135 nsec

Neighbor 3.3.3.3, interface address 192.168.13.3
In the area 1 via interface GigabitEthernetl
Nei ghbor priority is 0, State is FULL, 6 state changes
DRis 0.0.0.0 BDRis 0.0.0.0
ptions is 0x12 in Hello (E-bit, L-bit)
ptions is 0x52 in DBD (E-bit, L-bit, Obit)
LLS Options is 0x1 (LR
Dead tinmer due in 00:00: 39
Nei ghbor is up for 00:30: 20
Index 1/1/2, retransm ssion queue |length 0, nunber of retransm ssion 3
First 0x0(0)/0x0(0)/0x0(0) Next 0x0(0)/0x0(0)/0x0(0)
Last retransmi ssion scan length is 4, maxinmumis 4
Last retransm ssion scan tine is 126 nsec, maximumis 126 nsec

BMNEERERBERGIN DO 10089 B it it

Rl#traceroute 192.0.2.100
Tracing the route to 192.0.2.100
VRF info: (vrf in nane/id, vrf out nanme/id)

1 192.168.13.3 2 nsec 4 nmsec 3 nsec <-- R3
2 192.168.34.4 5 nsec 3 nmsec 3 nsec <-- R4
3 192.168.46.6 5 nsec 6 nsec * <-- R6
R1#

Hit , £ ERmEP , BNFBEET XL T ETXHOSAZIEREHRE100,
B0SR X420 P % E R XA (] BR Y T 4648, M AT BARE B EAECMP ( SN B R ) o XATLUED FR1ZIR4AYEERE M 1008 2 B2k KT

SERULIRYER , RIBFIOSPF RIBHRAEME AT M -

Rl#show i p ospf rib 192.0.2.100 OSPF Router with ID (1.1.1.1) (Process ID 1) Base Topology (Mr D 0) OSPF |local R B
Codes: * - Best, > - Installed in global RIB LSA: type/LSIDoriginator *> 192.0.2.100/32, Intra, cost 4, area 0 SPF
Instance 14, age 00:13:08 Flags: RIB, HPrio, Transit, OdTrans via 192.168.13.3, G gabitEthernetl | abel 1048578
Flags: RIB LSA: 1/6.6.6.6/6.6.6.6 via 192.168.14.4, G gabitEthernet3 |abel 1048578 Flags: RIB LSA: 1/6.6.6.6/6.6.6.6

Rl#show i p route 192.0.2.100

Routing entry for 192.0.2.100/ 32

Known via "ospf 1", distance 110, netric 4, type intra area

Last update from 192.168.14.4 on G gabitEthernet3, 00:12:44 ago

Routi ng Descri ptor Bl ocks:

192.168.14.4, from 6.6.6.6, 00:12:44 ago, via GigabitEthernet3
Route netric is 4, traffic share count is 1

* 192.168.13.3, from 6.6.6.6, 00:12:44 ago, via GigabitEthernetl
Route netric is 4, traffic share count is 1
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