at R RSt o

IEEE 802.1D
Rk E A

© All rights reserved. No part of this publication and file may be reproduced, stored
in a retrieval system, or transmitted in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without prior written
permission of Professor Nen-Fu Huang (E-mail: nfhuang@cs.nthu.edu.tw).




N

BRI

W ETAE"

Rl

1

i)

A

\LHEEEE

S AT

B EREERA
W R HI RS

Spann

ing Tree Algorithm - 2



— {8 i B RO AR IR B E

LAN([E 1508 R8) A

LAN ([% 3508 38) B

Stations

@R

Spanning Tree Algorithm -3




HEEERERR?

BiEH s (bridge)E—EMACE (FE =R )M
IR E% fE, FAZKERR A 15 Bh B 88 57 B (= 15 14 2%

LRIFESEE, LIEERin ERGEERERES
REE B R 150 AR B 1R 4l 58 L [R] — {8 (R st i it

7 1 6 6 2 4 Bytes(fiLit#l)

Preamble| SFD| DA SA LEN LLC PAD| FCS

Spanning Tree Algorithm -4




i 2 [ S i R RO L =

LAN A

— (B
B

° e e e (Logical LAN)
Bridge

| /

° ° Stations

Preamble| SFD| DA SA LEN LLC PAD| FCS

LAN B

‘ |
O

MAC; MAC; Spanning Tree Algorithm -5




RiEARITIRE

mEREThEE:
o FAMERYES X ERIBE
® MAC it 535
o RREHREP A EEFEREE

W [ sy Th gE:
o EEPH (RHARERR)
o BEBAR (XM
o FEHEEE (ZEBEER)
o B (ZEEIESR)
o LIE|

Spanning Tree Algorithm - 6



LE o AT

B FEFAENE R LB N BB
BEERANBREEERTRBHWRESRS
B Al B RS L ryHIETRE D

B —{E S5 vl BE R 2 {E R

B 54 BEEEREMEEE(Bridged LAN, BLAN)?
o IRE TS
o hN%KEE
o BAREM
o St EHEEE(EEER)

Spanning Tree Algorithm -7




BRI R

BEERUAREEHAREED
B B R R R Al A UK R ME— GR B R F )
AN R B AREEEE

B EEFAERAE T{EIERIHALHE (Filtering
Database,18 & & #E)

Spanning Tree Algorithm -8




RiEEREe (RER)

Bridge 1
ID=10

Spanning Tree Algorithm-9




RiERRES (FiEE)

Station

LAN 2 LAN 3

| " LANG6

Spanning Tree Algorithm-10

LAN 4




e S

Station A Station D

t1
t2

Bridge

MAC

PHY 3 9 t4

t1, t8

t2, t7

t3, t4, t5, t6 K

Spanning Tree Algorithm - 11




{ R4 L R EE

B FUEREE L BB E
B FARAEDE M MACKIIE(DMAC) FREL
o BREAESHE—FEBREEHE, HPhaRCIINT:
[MAC fiziit, 3B E (Port), BFfE (Time)]
m iR E
B FIARIE DB ZFREMACHIIE(SMACREE
o MEZEHEFEBREEHED, HIEHHEHRLLE, W EHE

EED
o MRBEHABREMED, R —EHIECE, BRERHE
e &#)5R1E
7 1 6 6 2 4 Bytes
Preamble| SFD|DMAC | SMAC | LEN | LLC PAD | FCS

Spanning Tree Algorithm - 12



38R E R EEE S

LAN 1

LAN 2

BT EFHE (Bridge 1)
MAC Addr | Port [Time (S)

20
18

25
4

p)
12

B8 EKHE (Bridge 2)
MAC Addr| Port | Time(S)
1 19

17
24

- m| Q| Nw>>
- = (NI NN

njm | Q| N | 3

Spanning Tree Algorithm-13



N

B 4E
B EAEE R Y

I 22 ) e AT
B EREERA
W R R HY SRS

Spanning Tree Algorithm - 14



Frame from
Port x

Eﬂﬁﬁ% DMAC.in FDB
Ed
it EaE |

all ports

S
BEE ||
4 4 port x) Forward to
belonging Port

SMAC in Changeto port
FDB ? X, reset timer

Add SMAC, port (x)
and Timer (0) into FDB

Spanning Tree Algorithm-15




ik 2 &5

1. A -> E MAC|Port MAcl Port MAC|Port

5.B->D FDB — FDB —>
3.C->B

4.D-> A
5.E->C

Spanning Tree Algorithm-16




it BE &G A (ADE)

MAC|Port MAc| Port MAC| Port

FDB — FDB —

Spanning Tree Algorithm-17




(it B2E A (B>D)

Port

@[> |3
(@)

FDB —

Port

Port

FDB —

Spanning Tree Algorithm-18



it 2 F &I (C>B)

Port

FDB —

FDB —

Spanning Tree Algorithm-19




Hhii BB EE | (D>A)

FDB — FDB —

Spanning Tree Algorithm - 20




ik EEF&HH (E->C)

FDB —

FDB —

Spanning Tree Algorithm - 21




N

HE R
Lo VRS R o
W 7[5 ] [ e S AT

B EREERA

B TR Y4

Spanning Tree Algorithm - 22



021 R e % AT

N E

B &R Em R AT SEIE

B HEEEEERAENERREK

N E

B th F ik 28 A FEER

Spanning Tree Algorithm - 23



a5 i RO R i 2

LAN Spanning Tree (#&5EA4)

Spanning Tree Algorithm - 24




HE R A E A5 1

LAN 1

1 LAN 2

LAN 3

LAN 4 LANS5

Spanning Tree Algorithm - 25




"

RS 1 (ERTR)

Bridge 1 Root Bridge
Ip=10 (R 58)
LAN 3 LAN 1

LAN 2

LAN 4 LAN 5

Spanning Tree Algorithm - 26




N

_ NS p=ylx
W AR A AL HE
W 05 R R R e AT
B EREER L
W TR Y 4EE

Spanning Tree Algorithm - 27




R R F R (R R )

B REER
o BEFEAIER —EME—aIPHERNS (Bridge 1D, 8 {E{iL
Johl):
» BT S (RERIITTH): AR E(BEEE R TEHE)
» Mt BES9 (FRERLITHE): MAC £zt

o FTERESRA BN —ERF R MBEEAMACKLLE:
01-80-C2-00-00-00 (EFFE L 1lt)
10000000-00000001-01000011-

o B L EE R M A — YR PHERE (port ID).

Spanning Tree Algorithm - 28




R REE (BH)
B iR#E#3% (Root Bridge): fa¥&anag Al iS5/ FEHE =S,

B IRERA (Path Cost): R E—EIRE, FF—BEAERLHILLIES
1E [ 150 4 BR B R AR

B 1218 (Root Port): N EEERELS, EHILIERREESRER
BRI

B EREEA (Root Path Cost, RPC): HNEEEIESS, £HiE
IR IRE B R R BB R A
B KEEREER (Designated Bridge): [Eisi#RR S B LG 3= 24R

BERNBRBMAR/, FrEEA R EisHERAAEL R
A It [ s 4 B H AR A ES R 2R B E K EERES.

B {REIR (Designated Port):[RIsHE% Bl H R RS EEIRHERM
2, fTAEENZESMRNRERAERLILRERE.

Spanning Tree Algorithm - 29




EsRE e f 2

LAN 1

D

1
TC=10
Bridge 1
Root Bridge ID=10

TC: Transmission Cost

(Path cost)({E B R A%)

LAN 4 LAN 5

Spanning Tree Algorithm - 30




IR SR 2 (BERTR)

Bridge 1
ID=10, RPC=0

Root Bridge

LAN 3

LAN 2

RPC: Root Path Cost
TC: Transmission Cost
D: Designated Port

R: Root Port

Spanning Tree Algorithm - 31




i E P B

m={ELER:
1. RTEIREEESR.
2. RTE A HthiEiEaRa04R:
3. IREFR A EE R _'*i$
> RHZRIRAESR AR/ BERE.

= —EEEARS ZEEEEESFER AR/
*Eﬂ%@%ﬁﬁilii% REARS BAHNRESR/M)

RS FLEAERESS.

> IR EEAE RO EERES LRRA 2 EREED
b EARER, BREE R/ MBS AR,

-Flil-

Spanning Tree Algorithm - 32




wiEaSERIKEE

Selected as

aD orRport

Cancel
Cancel Cancel

After a forward delay time  After a forward delay time
(15 seconds) (15 seconds)

Spanning Tree Algorithm - 33




REFRGEEMESL (BPDU)

Bytes

> Protocol ID

8 | RootBridgeID 1 Version 1D
4 RPC 1 BPDU Type
8 Bridge ID (b) AR BPDU

Root Port ID

(a) MAEEZEAE BPDU

Spanning Tree Algorithm - 34




IRREURR IR ES (BIE)

|
M @RPC=20 0 ",b RPC=25

o |
1 —
TC=15 QRPC:SS,R:" 0RPC=53’R=k

© RPC=40,r=k

RPC=35,R =i,
D(W) =j _ _
@RPC=35,R =] o g'(:'vc\,;z?("‘"’
11
11
I 1@ RPC=30

© RPC=48,r=n,D(W)=m

© RPC=45,r=m
@ RPC=40,r=m

D(W): Designated
Port of LAN W

0 RPC =38

Spanning Tree Algorithm - 35




kBRI RN (ER)

D: Designated Port
R: Root Port

Spanning Tree Algorithm - 36




5% 5t 4 RO AR

M IEEE 802.1D JEH AR ERIERE ,
EESUREREHNER

B SEEEMEREE

qH R IBE

ETE .
e 2R

1, S{EREREIER

AR A RE(

/DB B A&, minimum root path cost, RPC).
B FTLMRSRELE R A B — BATERE R “ R IE AR HRER A

(minimum cost spanning tree).

% An £ 8 R TR IR ) R I SR A5 2 AT 7R R /Y
BRI AR H 2R .

m —{EE

B NEAHE

B (F

i3

ER RN (AT EEE) B—ErRENBH

, LA R Bt RO SR 2 AT LI F BT R H 2R Y.

Spanning Tree Algorithm - 37



1% i 9 2 AT FRURIRY

LAN1,DPC =20 LAN7,DPC=5

TC=10
Bridge1
ID=10,RPC=0

Spanning Tree Algorithm - 38




N

BE = 4E
7

W SRR XA

B RTRA R

4

i

S R A

72
BRI 4ERS

L

Spanning Tree Algorithm - 39



1o A RO 28

B Configuration (f8E&ZE4E) BPDU R{EH 2 HIE S 5.

B BEESREER— BRI (—EHello time(E{Z=FRF ))& 12X —{E
configuration BPDU #GF 8 EL{th A E 5 HY [R5 i s

m E—EE
i3S A S EIRAG T A fth 52 4 B C AT ER R EBHR S T £ 7E

ERE

% 7 EH {th B94R 12 44 Bl configuration BPDURIRF{E, fth'&

15

3 A5 B9 [ Ui B

B Configuration BPDUIF & Al h £ B EEEE .
B BT R E S B R RE PR EE

B TCN BPDU (8% 5 FiBPDU)® LI A SEAY 5 N B R #T RO 1R
R R B RS IRISIESE (RIB RS TIRIERSR A mEE).

B RIEEIIEERTE configuration BPDU H1#] Topology Change flag(
HEEWUER) SN ARER, RBAEERD, BREMESF
MNBEEREERRSE.

Spanning Tree Algorithm - 40



IR A R RE AR B « (FREERREE)

LAN1,DPC: 25 LAN7,DPC=5

TC=10
Bridge1
ID=10,RPC=0

Spanning Tree Algorithm - 41




iR RO SR O (R ARAUE)

B REEE

1 i 2.

m &

Rt

Zan 3 M

Zax 6 MET (F%AIES = 60).
B FrE BRI EEE

Zan 3 M

£28 6 BHello BPDUSIS A &£ E &

E38 4 FRE S ASREF (timeout) BB, B
B R EEER 2 R ERIEREIR (IR0 BEMET.

Han 4 MEBRSEBREHAE

b & ##X configuration BPDU.

B REEE

EAT4 B X T —{E RPC = 15 B9 BPDU.

15

AT,

Spanning Tree Algorithm - 42



iR RO SR O (R ARAUE)

B FAAEES 3 NELIEAERIEES 4 (RHRBIRPC, R HHY
BAEE), FTLIiEEsRR s R AECEAEBEABEEESYN

A, REE

o]{# 55 —{& RPC=15 A4 BPDU.

B &8 T MERTEEERR (forward delay) #, 1B1E3%8 31§
A RSN 2 WKEERES MEH DPCiFE A 15.

B [ 2RISR ADPCH B 158 Rl 25,

B EESR 3
a5

B REESRE— R

1% H—EHREEEEE (TCN) BPDURTRIE

MIEREEE (flag)it % 1.

3

R &5 H B9 configuration A8 £

Spanning Tree Algorithm - 43



SRR A IR R A 2R 1R

LAN 1, DPC = 25 LAN7,DPC=5
1
|

Bridge 6
ID=60

Bridge1
ID=10,RPC=0

Spanning Tree Algorithm - 44




15 i 45 R 2%
= (ESERRRE)

LAN 1,DPC =20 LAN7,DPC=5

TC=10
Bridge1
ID=10,RPC=0

Root Bridge

Spanning Tree Algorithm - 45




fH= (REERHE)

75 18] BJ i ek

B RER[EHFEE 3 HE.
m HIfr A HiEfE!

3.

E2515 HH B9 Hello BPDUs #5483 12 £ [R IS i B

B A EREREERR 3 LR, SERES IR, BiEE

4 B3R 2, 15

%A SRR, LIRIEREZRSHIIR, R HFLN

“forwarding” B IRAE BA “block” FHERLELE.

B Fr A R4
B Rl AR

mE

Eavir A EER “R” 1B (RIB)M B th M5 & B

ERHEE.

Zan 3 M

%% 4 Fr el LUEE R IE 1 J¢F Hello BPDU, FR

L& B S RRIZEEZ A8 1.

Spanning Tree Algorithm - 46



115 51 132 BY tlE R%
P — ([EFERERR)

B 1EHEEER 5 A

AR RRFHASIBBESFNEE.
B REkiEREzR8LiEH —{ERPC=0/ BPDU.

B AR HEE

B

B BB TRERXEER, Bk 5 TR ARE:
2R 8 HIIR IS B R AR R,

EAR8 B (A BUIRIEERIES).

A,

B &R EMEEEWMES B (EHEEER)ERE.

Far 8 N EERIERBROIEE, LIZHBPDU

o]{E 5 —{ERPC=0HIBPDUE A2 A B 2 Y

[0k

Spanning Tree Algorithm - 47



SO — RiRER

LAN1,DPC =20 LAN7,DPC=5

Bridge1
=10,RPC=0

ID=50,RPC=0

Spanning Tree Algorithm - 48




e

B EEREF BN ARERTIFARERESHE
B LRSS, LIERin TR EEERS
Al B [ A 4 2 B B L [F] — {18 [ s 8.

B EEIRNEARINEE
o FMERY X L BB R
o itk 5E
o BIREHREP T REH BRYERE

W HIEEE 802.1D0 WEE A EHMWIERHELSEEE

ERIBEEBNERBEE/ NIRRT ER
RPC).

Spanning Tree Algorithm - 49




e

B SEEBRREHARE
54 BR B (minimum root path cost, RPOEHE =

TR RS .
B AR IRR A = AT R R RO E 2 RT R L H 2R .

B B REERNRE(TEs—EEE),
A LU HE S H 3R

B kR E AR B N e — EEsR A, 1 BRI

A[RESE~

E RS AR A

E LA R [ i i

Spann

BE A E R AR EARAIR

H iRl

_I_

ing Tree Algorithm - 50



