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o REBHIEEE
= EERFIE MRS EE
o BEHET LT X LOESE

o BEEEAN SN L B R G
- Distance vector routing
= REROFTILRE
= Counting to infinity, split horizon
@ 17K RE B REER Il 4
« Link-state routing

o BROTSTRE
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EREHIEE I BERH E DR EE

@ End-to-end D EEEDFER
e RERKROEHBER
8,749 DHER

o [EENREELZVOIDER
« Avoid failing links

o ryhI—OEED S H
« Fault isolation

o BERYD DR

« Reflect administrative policies
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RERHEEE I REGIHOEE

o FREETOrIL
= HEIL—4E %R
=2 MRADERER B DN p. 381
= 'JV?@'I%*&&EE@ DN p. 376

— #XE&{ER (RIB: Routing Information Base)

e WHOBBEHE IO — BEHEORIB
@ HHDRIBA S E— DFIB~
(FIB: Forwarding Information Base)
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kRO

@ Topology — 1: topographic study of a particular
place; specifically: the history of a region as indicated
by its topography
2a (1): a branch of mathematics concerned with
those properties of geometric configurations (as point
sets) which are unaltered by elastic deformations (as
a stretching or twisting) that are homeomorphisms
(2): the set of all open subsets of a topological space
b: configuration <topology of a molecule> <topology
of a magnetic field>
(Source: Merriam-Webster Online Dictionary,)
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Gateway Model Revisited

Topology info, Routing software Topology info,
Link status info . Link status info
Multiple RIBs

4

Input interfaces Output interfaces
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BERGIE 7 ILTIX LOFELE

o BEBEEA K )LE! (Distance vector)
o )2 4KREE! (Link state)
o INANYMLE! (Path vector)

8 INEOTILTYXLDKETELN:
= MROJIERORER X
« Topology representation
u YUY DIEROIGEEER, 8E, 21305
- Propagation range/freq/timing of link state
= REREOHES X
« Algorithm for computing shortest path
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Distance vector routing
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@ Bellman-Ford algorithm

ml BEE~DEHAILILEOIZ, fLDIFETLEA~
DIEFERI L F o[

22. BENEDETOERMANIMNLERIETD
ETDIL—F~ERiE

23, BETHIL—EDLRELE#ARINL
L BEMCBEIIL—FETOHEREEFEAL
T HDIEEADERI RN ELD KSR
BERIMILERDD




Bellman—Ford algorithm

@ Initial condition
1 b0 — oo (i #D)
m bD(O) —0

@ Repetition
= b™ —min; ¢ v {b™D +d}

@ Terminal condition
] bi(m> = bi(m-l)

@ ZCTC.D:EL—2. 0™ mEOREERICE>TK
HT=IL—4i, D OFEEE. V: L—RiLBEHET HIL—42D
£E.dyp L5, j ERERU DR
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BEEERIMLE DB R

D L—BEINIZHL
=2 5TEE O(N3)
= k574094 O(N2)
o EHMICEEBARIMLEZE DD T, IERHIEND
c F-EREARELZEO,
- BEOREI G158
o IURAGEL — —EMOLEERKRE
= Counting to infinity problem

e
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R D MEIRE (Counting to infinity)

(=Cm=(©)
1 1 = inf

Suppose link B-C went down.
B thinks: (C, inf)

A says: (C, 2)

B thinks: (C, 3) via A

B says: (C, 3)

A thinks: (C, 4) via B
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Split horizon

e E{RAIUMEAEISHLT H-HDFiE
ZFELEBROEHTICHLTIE, ZOFEL
7‘_ BRIEEORBTZREALEG

(===
1 — inf

Suppose link B-C went down.
B thinks: (C, inf)
A says: (C, 2) to everyone except B
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Limitation of split horizon

1 1 — inf
1 1
Suppose link B-C went down.
B thinks: (C, inf)
A says: (C, 2) to everyone except B

D thinks: (C, 3) via A
D says: (C, 3)
B thinks: (C, 4) via D
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Triggered update

e BRERFEROELZI CITBHEIL—ZIEZAS
DO DYRGRE
- IWRZERDHDHEMNTTEE

aLdl...
o HEICRBERNEHSNIG R EERMAIC

« O DRENTRET, Y- B IZRYER TS
aRE
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RIP: Routing Information Protocol

o5

» BN LE OZREHTORIL

: RIP-2 (IPv4), RIPng (IPv6)

o LEAM/INRELR RV RT—OTEDNS
< EBEGBEANES

o5

©2004 Sugi
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RIPIZHITH RN TR

@ (prefix, metric)
@1 <= metric <= 16

o (BRAVUFEEANDRRDI-HRECTELLY)
@ Metric 16: BETERINLEEHKT S

@ UDP port 520 ~NJO—KF¥¥ X+ / RILFF¥
Ak
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RIPJL—2 D E1E

o RROFE
m RIP query packet®i%
= RIP response packet# 3 I1H%
o FRIEROER
= 30F R CTRIRIERELS
2 Split horizon, triggered update
& FIRIEIRDHIBR
« EHFHN180F B i e o= #E B —metric 16
o EIB[C120M > THEFH SN — HIR




EEFIED~) v

@ 2r > 16 THLREMICIEBEE G, BEh 2
@ “Divide and conquer”

8 )L—TAVTRAMODHE|
2 RASURBIIL—T42% (CRE)
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1) 274K RE B R R il 2]

Link—state routing

) 27K EE B AR B ) 120

2 )L—3. U DER (VO REER) ZIRE
« JL—AR%node&élL. U oFarck T BRI ST

o) IREET—AR—2 (LSDB) #{ERk
 YUOREFBEREH DOH=RYET—I DK

@ LSDBZH &1,
Dijkstra’s algorithmz AL\ TRERKEHE
= 5tHEE O(N?)
 TABEEFTIRT HILTILITHRETRE




Dijkstra’s algorithm

@ Initially,
md,—0
2 d, < ¢y (foreveryj € V — {s})
2P s}
@ Find the next closest node:
# d; <~ min e y_p {d;}
2P <—PU {i}
® Update labels:
# dy — ming e y_p {d, di + ¢y}
@ Terminal condition:
mP=V
8TV 28 st BRIL—2, ¢y 1, kDY IR,
d: SHODINDBNIRF. P BAIXNEEFHIL—%
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DOORBEDFRERR

o BREIFTEE: BEBAIRNLEIZHEARDREN
e rSTau0: VOB IL—2EIZEEHIL TE K
o SEEEESE UM+ IL—FERIZLEFIL TEX

o N ERTRIEESEN
e ERADUMEEFESZLD
o YU YARNDERERGEREM ATEE

OSPF: Open Shortest Path First

o YU RERORESHMITaraL
© OSPFv2 (IPv4), OSPFV3 (IPv6)

2RI —2DRHE

2 YU REEFRD R LLSDBD E R
o RERRADIE

o+ RRIL—F. 1\WITITRRIL—4F
s+ T T7ICKBREELE

o + EGPEDE#E

o




OSPF Hello

e@—UOLD . AEIL—2DOHER
. 224.0.0.5, ff02::5 (AlISPFRouters) ~
Hello/ 4y hi%1E

@ Hellos S RI TR IL—4 D) X FEBAEE
s EWNIRAFBIETAIRETHILERER

o (RFRIL—F. N\ ITYTRRIL—EDE])

o EHRICEEL. YO DU ER T

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

BEiRBAR DR K

: it (neighbor) — i (adjacent)
& PR RICE O CRRIRIEHRE TH]LAL

e

@ 28 D IL—FHFHEERIZESET:
u Hello — i
= B DLSDB# [EH#A
2 RHET — BEERER
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RE|IL—2, N\VITITRRIL—F

@ Shared media network [ZEEHIL—2 L H b EE
@ N x N TLSDBD R EITID ILIEZNZEM

2 HellbZALWTFHHRKRIL—FEEH
u X% JL—42 (DR: Designated Router)
s\ T7vITREKIL—4% (BDR)
o ZIL—AlE,
= DR, BDR &721FLSDBD R EE1TS
1 DR, BDR &2 B ERRRE ML T 5
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OSPFIZHITAR RO HRIR

@ LSA (Link State Advertisement)
« Type 1: Router LSA
« Type 2: Network LSA
« Type 3: Summary LSA (network)
« Type 4: Summary LSA (AS boundary)
« Type 5: AS External LSA
m LSAFEA VS
- FHHE. =7 RBENRITOA TS
— Validity period and sequence number in LSA header

« LSADQFTIRZ BT B EA AT BE
— Helps routers to tell if given LSA is fresh
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OSPFIZHIFTHMROC DRIF(2)
RT1 |12 = RT2 RTL ‘[O[ RT2

Y Ta

Physical point-to-point networks

RT3 RT4 RT3
Q
) n2
n2 RTS RT4
RTS RT6 RT6

Multi-access networks

4K BEMEHN (Link State Update)

@ Flooding
o B SNT-LSAF ZITER-f=LE.
e Z(TES A 3—Tx—RLSHIEEH
« Forward received LSAs to other interfaces if
given LSA is fresh

@ LSDBZE#1. REZBADBIE
« Update LSDB, compute shortest path tree again
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LSAMBRIBA

Ay
LSA LSDB RIB
| Lsa |—

Lsa |

fragments of
directed graph
BRSO

directed graph shortest path tree
RT3 HEZBEA
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LSAMSRIBA(2)

' AT 3D RASAR
1= OSPFRy T —4o D4

mEHIN-EMT 5T
— Derived directed graph
« BROLSARBHLHT AR T 57
mRT6ZTERET HREEHA
— Shortest path tree; rooted at RT6
« Dijkstra’s algorithmZ R\ TE K
— Generated by Dijkstra algorithm

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved.

o || Page || Portrait|| 1.000 | A4| ic1583,p5 Wed May 23 04:16:00 2001

oy aseT)

1

rights reserved.
-

12



|| Page || Portrait| | 1.000 | A4|

158305

‘Wed May 23 04:18:00 2001

o igure 3 The resulting directed greph
s T RTo
Figure 4: Individual link state components
Moy [Pages)
1 rights reserved.

|| Page || Portrait|| 1.000 | A4| 161583 ps

Wed May 23 04:18:00 2001

wo,

niy

e §75
aro
to0es | wmo
S|
RiL _— L
n9 4*}*:\4—0 3 e
e
0
2 -
2 .
o
w
Figuce 5: The S tres for soter 6
ey o
Ll righs reserved
ights

OSPF area

8 LTF2HDRSAF
i OSPF area D&

iz area 1°’s database / backbone database

©2004 Suguru Yamaguchi and Youki Kadobayashi, All rights reserved




T Wea Way 23 04 16.00 200

e Portralt] 10007 A4 [EEED

Area 1

[ Voo
RTFo5 ms

et All rights reserved.

(EEEE T Weawayzsoateozoor T ]

e el Al rights reserved
Gateway Model Revisited
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Multiple RIBs
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Output interfaces
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FED

o PEREARSNILEVERRR G
m Bellman-Ford 7 JLT1) X Ls
= RIPZORaL
o YR RE B R BRI 1
i Dijkstra7 JLT 1) X Ls
= OSPFZ7Oka)L

o R[E
= IGPLEGP, [ 2 2 51
1 NARY LB R 1]
u RYSHORE
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