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OSPF Topology 10.1.0.2/32 OSPF enabled Interface
10.1.0.4/32 ) _1® :
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5 —ig)y

R 4~ Router-LSA (originated from R1), which is
discarded due to duplicated LSA

Each OSPF router builds LSDB after receiving Router-LSA originated from R1
R1~R5: OSPF LSDB R1™R5: OSPF Network Topology
" Originator - Neighbot, Cost

| Originator - Neighbor, Cost |
Rl{l.l.l.l ~R2.10
R1(1.1.2.1)-R3, 10
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—_
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LS fl’vpell.lnk State IDJAdvertising Router
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& Router-LSA (originated from R2), which is
discarded due to duplicated LSA

Each OSPF router builds LSDB after receiving Router-LSA originated from R2
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K&J’fZi:. ':.-,.! ‘.‘..;:'rﬁl.;-_’.; Cost
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‘\,_Noxoa/az 3101031 /32 {0

<— Router-LSA (originated from R3)
e Router-LSA (originated from R3), which Is

discarded due to duplicated LSA

Each OSPF router builds LSDB after receiving Router-LSA originated from R3

R1~R5: OSPF LSDB R1~R5: OSPF Network Topology
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Each OSPF router builds LSDB after receiving Router-LSA originated from R4

R1~R5: OSPF LSDB

R1~R5: OSPF Network Topology

1.1.3.2, (10}
1.1.4.2, (20) R2
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R3
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A2 Router-LSAE flooding
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LSA Message
LS TvpeIUnk State IDIAdvertlsmg Router ----- LSA

Identifier

1 Router-LSA (originated from R4)

[1110.1.0.4] 10.1.0.4 |
1/10.1.0.2] 1.1.3.2 [10
1/10.1.0.3] 1.1.4.2 |20,
3110.1.04] /32 |0

< Router-LSA (originated from R4)

< Router-LSA (originated from R4), which is
discarded due to duplicated LSA
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B RS floods Router-LSA 10.10. 2/32 LSA Message
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discarded due to duplicated LSA

@2\\’ : / < Router-LSA (originated from RS)

Each OSPF router builds LSDB after receiving Router-LSA originated from RS
R1~R5: OSPF LSDB R1~R5: OSPF Network Topology
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Topology by R1's Router-LSA ) Topology by R2's Router-LSA ) Topology by R3's Router-LSA
1.1.3.1, (10)
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1.1.1.1, (10) + +
1.1.2.1, (10) 1.1.2.2,(10)
1.1.4.1, (20)
1.1.6.1, (20)
ﬂ Topology by R4's Router-LSA B Topology by R5's Router-LSA
1.1.3.2, (10)
1.1.4.2, (20) R2
* 4<: i
Sym—
1.1.5.2, (10)
R3 1.1.6.2, (20)
OSPF Topology Map 1.1.3.1, (10) OSPF LSDB
1.1.3.2,(10) 1.1.5.1, (10) _Originator — Neig
R R2(1.1.3.1)-R4. 10
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@’ 10 10.1.0.4/32 (R4 2(R2
10 0.1.0.5/32 (RS 1132
20

» R1 SRUEN o, WU |
10
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R2: Shortest Path Tree R2: Traffic Path to R1, R3, R4, R5 R2 RIB/FIB
0 A 13182
@’ 10 10 10 10.1.0.4/32 (R4
10 10.1.0.5/32 (R5
10
20 ®/ @ 10 E
R3: Shortest Path Tree R3: Traffic Path to R1, R2, R4, RS R3 RIB/FIB
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m Shortest Path Tree £/ 45}7| (AlZ)

R4: Shortest Path Tree

10
10
10
20
10
20

RS: Shortest Path Tree

o 112 EX : OSPF & A O|sl{St7| (1H: Shortest Path Tree

o

R4: Traffic Path to R1, R2, R3, R5
©>-0
Q>0

RS: Traffic Path to R1, R2, R3, R4

00

10 10

RS 10

©=0

R2

EE2x 44 "Ap
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mLogical View of the
Internet =S5p_- ISP ISP

e After looking a RIP/OSPF &2 /
descriptions

= End-hosts connected to
routers

= Routers exchange messages
to determine connectivity

| -
e NOT TRUE! 'ig’}_
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EEPER-CRECES
e XtEA|AHE! (AS: Autonomous System)
= StLEQ| 7= el S5tof e 2tREHE2 HY
« AS 20| M= IGP(interior gateway protocol)2t THA S M| 2[5t 55 HE g
- CtE ASE ™ESH| {3l A= EGP(exterior gateway protocol) A&
= 7t8 StLEQ| ASRHOAM Of 2 IGPE O] 8E =k UX|T 2|7 0|= StLte| ASZE T Q1A E
o 2 ASE= ¥ ID EY
= 16 bit values
= 64512 through 65535 are “private”
= 0 :
« MIT: 3
« JANET: 786
« AT&T: 7018, 6341, 5074, ...
« Sprint: 1239, 1240, 6211, 6242, ...

e AS= L|Of(peer) &<

0|8
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mLogical View of the
Internet (A=)

e RIP/OSPF not very <Sp__ ISP ISP
scalable - area £ /
hierarchies \
e NOT TRUE EITHER! / |
' ' =P
o ISES aren't equal S
= S|Ze _;@;

= Connectivity S
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m Logical View of the
Internet (A=)

® Tier 1 ISP

= "Default-free” with global
reachability info

® Tier 2 ISP

= Regional or country-wide

® Tier 3 ISP

= Local

~SP ~ QP
2 a2

=¥

Customer

Provider

ez
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m Transit vs. Peering

Tran5|t ($$ 1/2)

Tran5|t ($$$).

Transit ($)
ITransu ($55) <SP
- . ”
Peennq
Transit ($)' Transit ($$) I TranS|t ($$)

AR ~ QP

u‘a'b "-"°‘B {‘%
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m Choices
® Link state or distance
vector?

= No universal metric — policy
decisions

® Problems with distance-
vector:
= May not converge

® Problems with link state:

= Metric used by routers not
the same — loops

= LS database too large — entire
Internet

= May expose policies to other
AS's

m Solution: Distance Vector
with Path

e Each routing update carries
the entire path

® Loops are detected as
follows:
= When AS gets route check if
AS already in path
* If yes, reject route
* If no, add self and (possibly)
advertise route further

e Advantage:

= Metrics are local - AS chooses
path, protocol ensures no
loops
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m |[nterconnecting BGP Peers
® BGP uses TCP to connect peers

e Advantages:
= Simplifies BGP
= No need for periodic refresh - routes are valid until withdrawn, or the
connection is lost

= Incremental updates

e Disadvantages
= Congestion control on a routing protocol?
= Poor interaction during high load

m Hop-by-hop Model
e BGP advertises to neighbors only those routes that it uses

= Consistent with the hop-by-hop Internet paradigm

= e.g., AS1 cannot tell AS2 to route to other AS's in a manner different
than what AS2 has chosen (need source routing for that)




= RIP(Routing Information Protocol)
o TAME| ZEEE

= OSPF(Open Shortest path First)
o 2|7 BfRY ZEEF

= BGP(Border Gateway Protocol)




