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1 DESCRI PTI ON NETWORK SYSTEM LEARN NG BRI DGE NODE
LEARNI NG METHOD AND | TS PROGRAM 5 BACKGROUNDS OF THE

I NVENTION Field of the Inventlon The present
invention relates to a networkl system and nore
particularly to a.network system a learning 10 bridge
form ng node, a learning bridge formng nethod and a
program whi ch can nake a | earni ng operation of a

bi directional flow passing through an asymetrica

path and can al so | earn RESCRIRFEPMg tag to be added
so as to add it when forwardi ng. 15 Description of
the Rel ated-Art Such a type of learning bridge is
conventlonaII¥ used to determ ne a transfer rOUtEEﬁéﬁﬂoD

Et heWHEWORK SYFEEM ) | RN eB%PéG% HHE o RARNLING
concerning the learnin brj | ows. 20 For
exanpl e, a standardi zat E%% éﬁééyn|tled "1998,

| EEE Std. 802.1D' issued by |IEEE specifies a nethod
called a | earning process which enters a port having

recei ved the fragﬁ 2 Uge Cy son( MVAC  SA)
of the franme in g database sO to determ ne
2 §o88f ke & ion port of the frame

(herernafter Treferre 0 as the non-patent literature

%) .- A stadaidigaid GhwiapiatrENiidd &b &l HhwdiEsysten,
and more particularly to a network system, a learning
bridge forming node, a learning bridge forming method
and a program which can make a learning operation of a
bidirectional flow passing through an asymmetrical path
and can also learn a forwarding tag to be added so as to

add it when forwarding.

Description of the Related Art

Such a type of learning bridge is conventionally
used to determine a transfer route for Ethernet and the
like. There are prior arts concerning the learning
bridge as follows.
| For example, a standardization document entitled
1998, IEEE Std. 802.1D" issued by IEEE specifies a
method called a learning process which enters a port
having feceived the frame and a source MAC address (MAC
SA) of the frame in a filtering database so to determine
a transfer destination port of the frame (hereinafter
referred to as the non-patent literature 1).

A standardization document entitled "1998, IEEE
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‘t he

'_Std. 802.1Q" issued by | EEE specifies a nethod call ed.

I ndependent Virtual Local Area Network (VLAN) Learning
(I'VL) and an IVL bridge for performng the IVL to

i ndependently performthe | earhing process for each
VLAN 5 and limts the use of a learned result to an
arrival tinme of a frane belonging to the sane VLAN as
that of the frame used for |earning (hereinafter
referred to as the non-patent literature 2). Besides,
a g$edhnt 2040 T aeared gy aIEERNspaecafiisfera dédched hoall led.
usi ng an expansion tag, a technol ogy concerning a )
nobedependsnt &V andhakhbhecal ragea riefworiaddViAN  Learning
control tag and a path determ nation nethod using a
speF hpnrd ean 1Vl hrkdga efor e REAaringi Hip tHBVa to

f orwar di are_di sclosed in, for exanple

ng ta ) "
pr@y@wm%nﬁma%ﬁorr&stw cHraeting PXeges Ty each VLAN

tical, Ethernet) f ture Generatian' (Institut
IR THHECES T Q19 0P AP R L 1 B evaL
2002 Soci ety, Meeting s Lect P _ 711
B %) 51 121 AR LS TATEN e 1D A 6 VHAh o Bt ©F

|45 LR Yo 20 by feRLIOR HEEINAL AGLAS NS s

OW Ng pro € conventiona

t [ [:S G [ t non-patent literature 1
' sgin Al fa o O b ke [P,

non- pat ent erature 2 had a problemthat a

net wor k' s deandiddt iy LedsaNiddy edIREE dPW filfne transfer
technol ogi es of the non-patent literatures 1 and 2
afe e &EthPmd epamiioatad) aw dduindwypicéhcerning a
node structure and table structure for adding a control
tag and a path determination method using a spanning
tree to determine a path according to a forwarding tag
are disclosed in, for example, " Proposal of Ethernet
Architecture GOE (Global Optical Ethernet) for Future
Generation" (Institute of Electronics, Information and
Communication Engineers, 2002 Society Meeting’'s Lecture
Papers B-7-11 to B-7-13) (hereinafter referred to as the
non-patent literature 3).
The above~described technologies had the
following problems.
First, the conventional technologies disclosed in
the non-patent literature 1 and the non-patent
literature 2 had a problem that a network's bandwidth
usability became low.

The technologies of the non-patent literatures 1

and 2 are premised on a symmetrical flow that the bi-
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directional frame flows a symmetrical path. Therefore,

‘when a node through which a fl ow passes dependi ng on a

direction allows a different asymetrical flow as

shown in the non-patent literd&fures | to 3, a

| earni ng process 5 does not operate, the frane reaches
the destination but 1is also transferred to

unnecessary destinations. Therefore, there were

probl ens that the network becane busy and the

badilnédt honshbframg fihsws edusyume Setoal, path. prilgrafare,
described in the non-patent 10 literature 3 also had

a whebl anmotat thheugktvhigh aptievipasses depeptitngnen a
To use the technol ogy of the non-patent literature 3,

i t diveechibersahtgws oapiffereny asympetricalsblowgh shown
node an expansi on tag,(formarding tag% to €8.15,added
actBrBhfgneR-RAERRE| At PHRALWERS alidFRs3, (RSP LINg pRYocess
the determnation work ipvolved a Jot of tine and, .

| 5055 bReh. B8et REe kb Ebfngpeechft sthe 4R RERE on but
sever thousapds_or sever f

debRratae DREPRECTREl B hRogt R8T o SEH AR BEne e
PTERERLe LY ETEAQPe | St pPOOYLAS PhlEIIRE nUgbER bécane

| ear i hg brf dge form ng Ro e, a learning bridge

banh I 80, e RUESMELLEP 85, e RaEsue

y for a network flow ng an .

asymet ri cdcdddW. t S gy SR ek i astivdd the fhesesti-patent
invention is to provide a network system a |earning -

briflgerseire Ny &ADSE, had & eprdbDenbthalgetiorsetgingt hod
and a program which can -4
operation was troublesome.

To use the technology of the non-patent
literature 3, it was necessary to previously determine
.for each node an expansion tag (forwarding tag) to be
added according to a destination MAC address (MAC DA),
but the determination work involved a lot of time and
labor because the number of MAC addresses became several
thousands or several tens of thousands depending on the
networks.

A first object of the present invention is to
provide a network system, a learning bridge forming node,
a learning bridge forming method and a program which can
improve bandwidth usability for a network flowing an
asymmetfical flow.

A second object of the present invention is to
provide a network system, a learning bridge forming node,

a learning bridge forming method and a program which can
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automate an operation of setting a forwarding tag to
be added. SUMVARY OF THE | NVENTION 5 A network system
according to the present invention of claiml to- J
achi eve the above-described objects is characterized
by a network systemfor a network having plural nodes
connected, wherein a node belonging to said network
transmts a learning franme 10 periodically to a path
opposite to that in which a main signal frame flows.
A metowatke systepenatboni of settiheg pa cferwardimentagnto be
of claim2 is characterized by that said node |earns
a #ddedyr ding tag to be added according to said 15
| earning frame. A network system according to the
present invention of claim3 is characterized by a
network systemfor_a netwark havin r nodes
connect ed, mherei§H§M#§§eggeggFg#ﬁ@gﬁiﬁigg d network
is provided 20 with a learning frame nagemne It
whi ch ref ét SFVEK MRS 1A (3FTH Tt & o%t%ﬁérﬁ%%
whet her. a ] eapning. fr L SSi QN e LS e
or e Eo GE ViR Ty SORLEPE S Cab oAt gfiRe
S04 £6 4G 0GR BPSAML, S b Yk eGPk MBYiStén | £5F M NG
frame T FAansmi Sion request. 25 A network 'system
ackOtWhg Aving PIESEDNnoddy CRbhfelc©éd ¢l Mhérdin Sa node
characterized by that said node is provided with an
aghSon §ONG Sto AEE LRt BEBRoLIi trafgmitd agesarn MM Sfame
tabl e cache, and a transm ssion request

periodically to a path opposite to that in which a main

signal frame flows.

A network system according to the present
invention of claim 2 is characterized by that said node
learns a forwarding tag to be added according to said
learning frame.

A network system according to the present

.~ invention of claim 3 is characterized by a network
system for é network having plural nodes connected,
wherein a node belonging to said network is provided
with a learning frame management unit which refers to a
MAC SA table cache to determine whether a learning frame
transmission request is made or not, and a MAC SA table
cache which stores a source MAC address (MAC SA) which
has made a learning frame transmission réquest.

A network system according to the present
invention of claim 4 is characterized by that said node

is provided with an aging request acceptance unit which




10

15

20

25

unit which makes a learning frame transm ssion request
to a CPU. A network system according to the present 5
invention of claimb5 is characterized by that said

node has a | earning managenmen® - program whi ch perforns
| earning frame processing. A network system accordi ng
to the present invention of claim®6 is characterized
by a network 10 system for a network having plural
nodes connected, wherein a node belonging to said
neayes kai MAQr sXi tale wédha, | @adnangransajgesiton request
program whi ch perforns |earning frane processing. A
netmbt kwbjshemakes oa di @grining hEr pmestnandBisaient reguest
of claim7 is characterized by that said node has an
eqte pae@PUcont rol program which conducts a variety of
configuration. A network system according to the

present i RVRSETIRK ofY THel AL tgr R t €h¢ RIPIRPY hat
said node 20.is g[ovided with a frame _type ﬁudgnen
untRVEREEAD| 98 g8l 1B 0 | 9 UERRFATREeT R2Rd I KRRy sfatd node
according to the present %nvention f.cﬂaiqbg i S

crOPRCt e PIERLEG BonaTaeRt REQUERTrUpich RILERES

havin | ural_nod ected, 25 wherein a node
porenen Rad Bralif Srofearise

gimg=to sal 5§ provided with an aging
o e S R A ¥ e
agfflyention of claim 6 is characterized by a network
system for a network having plural nodes connected,
wherein a node belonging to said network is provided
with a learning management program which performs
learning frame processing.

A network system according to the present
invention of claim 7 is characterized by that said node
has an equipment'control program which conducts a
variety of configuration.

A network system according to the present
invention of claim 8 is characterized by that said node
is provided with a frame type judgment unit which judges
an input frame.

A network system according to the present
invention of claim 9 is characterized by a network
system for a network having plural nodes connected,
wherein a node belonging to said network is provided
with an aging control unit which ages an entry to be

aged, and an aging management table which stores an
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A network system according to the present invention
of claim10 is characterized by that said node is
provided with a MAC forwardi ng table nenory which 5
stores an output port for a dedti nati on MAC address
(MAC DA) and tag operations. A network system
according to the present invention of claiml1l is
characterized by that said node is provided with a
broadcast table nenory which stores 10 an out put
desttrpati@rbgoadgedt the tinme of broadcasting to a
tag. A network system according to the present

i nvent i on Pofneadivwsink BY Stem REGRENT P hha RHReseiY

el Gt (oS I A Dt HHAEACESTE T Vo TMIE (RALA rode
o e VB R ASE A S S SRR 3 RIL) Yl
Dt ot P £ S e T HATHE M Gadls uac
O dnd YA BAGER AL, D LD P note s O

provi ded W t1.18,0H4G AAN LS S JEHRAGGIE o Al %L\r\gyém

stores an address of "a forwarding tag on a

f Of NP ek 16h (3P| ©LABROIY - i 2 B i M VX dz &Y e raraee i dchode
to the present invention of claim15 is characterized

byi & predvdddd winsi enBesadcaet edtkld avdngryp lwitiath noidmses

connected, 7 wherein a node belonging to said network

al & apphitesdestination port at the time of broadcasting
to a tag.

A network system according to the present
invention of claim 12 is characterized by that said node
is provided with a tag forwarding table memory which
stores an output port for a forwarding tag.

A network system according to the present
invention of claim 13 is characterized bﬁ that said ncde
is provided with a forwarding table having a table, an
aging circuit and a table read/write circuit.

A network system according to the present
invention of claim 14 is characterized by that said node
is provided with a TAG address management table which
stores an address of a forwarding tag on a MAC
forwarding table memory.

A network system according to the present
invention of claim 15 is characterized by a network

system for a network having plural nodes connected,
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| earning function of Ethernet to a flow which flows
asymmetrically. The present invention of claim1l6 is 5
characterized by a | earning brldge node for a network
havi ng plural nodes connected,” wherein a | earning
frame is transmtted perlodlcally to a path opposite
to a path in which a main signal frame flows. A

| earni ng bridge node according to the present 10
invention of claim17 is characterized by that a

f owhveretimon trofie dodkongling te $zbd metworkialseapphips a
frame. The present invention of claim18 is

chkeamning zZauhdyicn | ebrBikeriet dee & odkowiwinighet fbpws
15 havi ng plural nodes connected, conprising a

| RFYWRRLEY ¥¢kAY managenent uni t which refers to a MAC
SA table cache to determ ne whet ning frame

transm ssﬂ&? r&ﬁfé'étt Jr%verfﬁij’é’rbroﬁcﬁla%ol lr\ﬁAC SA
A A
t
ues éi1 Pgﬁﬂ% " a|n16%$|s c racterlz %ﬁipg frame

t
28%95% %@%@%%ﬁ%ﬂ LD o OPRE i S*q“tje%t path
unid WG dIHOS, & Pend ARG F1G®, LT ansm ssi on

request to a CPU. earni ng bridge node according to
the present 1dai8Md B Rige Iide Hedordihay ad eflie gk dent

conprising a 8 | earni ng managenent program which
peifwenGidreasMNidigaim 17 is characterized by that a

forwarding tag to be added is learnt by said learning
- frame.

The present invention of claim 18 is
characterized by a learning bridge node of a network
having plural nodes connected, comprising a learning
frame management unit which refers to a MAC SA table
cache to determine whether a learning frame transmission
request is made or not, and a MAC SA table cache which
stores a source MAC address (MAC SA) which has made a
learning frame transmission request.

A learning bridge node according to the present
invention of claim 19 is characterized by comprising an
aging request acceptance unit which ages a MAC SA table
cache, and a transmission request unit which makes a
learning frame transmission request to a CPU.

A learning bridge node according to the present

invention of claim 20 is characterized by comprising a
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frame processing. The present invention of claim?2l is
characterized by a | earning bridge node for a network
5 havi ng plural nodes connected, conprising a

| ear ni ng. managenent program whi ch perforns | earning
frame processing. A learning bridge node according to
the present invention of claim?22 is characterized by

~conprising an 10 equi pnent control program which

makes a variety of configuration.. A learning bridge
noliearxming dianpgeneie pregean whickmewfomms cleawming
is characterized by conprising a frame type judgnent
unfxamgipre¢esiyeRdan i nput frame. 15 A | earning bridge
node according to the present invention of claim24

iMi cEar act®re MWE&?@@W & A3y TomtF ol unit

i t t , d j

ma: SRRt fé’ri%ﬁ YA %@f%f%@%f@?ﬁ rfigféﬁg%@lg & R
A i i 25 i . .
TR P af $odot T enff iy (it g fo Pelaing

papendgedibat ied Frad, EIRR oAk oehd A Bl A o

OPSEAtd ONS, 4. A | earning bridge node according to the
priesent |ﬁ%ention of claim26 is characterized by

SS?DL't Si NGy & e PR a3t i dRD IO TRIb N 53 AIRS pfesent
iﬁ;ention of claim 22 is characterized by comprising an
equipment control program which makes a variety of
configuration. _

A learning bridge node according to the present
invention of claim 23 is characterized by comprising a
frame type judgment unit which judges an input frame.

A learning bridge node according to the present
invention of claim 24 is characterized by comprising an
aging control unit which ages an entry to be aged, and
an aging management table which stores an entry to be
aged.

A learning bridge node according to the present
invention of claim 25 is characterized by comprising a
MAC forwarding table memory which stores an output port
for a destination MAC address (MAC DA) and tag
operations.

A learning bridge node according to the present
invention of claim 26 is characterized by comprising a

broadcast table memory which stores an output
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-9. destination port at the tine of broadcasting to a
tag. A learning bridge node according to the present
invention of claim27 is characterized by conprising a
tag forwarding table nmenory wh?ch stores an out put

port 5 for a forwarding tag. A learning bridge node
according to the present invention of claim28 is
characterized by conprising a forwarding table having
a table, an aging circuit and a table read/wite

ci destinatbon peatnah gthei tiyme nofiebneadedshingoteha tag.
present invention of claim?29 is characterized by

conpri si ngd aledws pgl drekdgeratrdRe et oX &N e VWH%#? present
stores ap address of _a forwardin

f obNEeRt-Hent @bl elatRo? Y. iﬂrh%hﬁég’gﬁﬂ?ﬁ@emﬁ %ﬂmla%lsmg a

cIa|n1 0 5 ¢ch t d brid

fofa i3 %m%aé‘%ﬁg RERSEY iuich CORMERT oah NEPBE pbore
earn ctiopn of Ethernet lied t fl

mh Zh IE@E“%?&%%%IE? 9f1 ows. The L?eggﬁtlsnvegt?on 8?

clalm ot B TRath AR dde hdle SALHMAY LBLOE fsent

a networ k ‘havi ng es connec rern a

”@Ev&‘%&i?&ﬂ'&ﬁa{:?aﬁﬁ' sl {‘§tc‘£‘£’£i‘aé£é‘f§£‘é&5bf‘ g?ﬁ;?ﬁié‘ﬂng a

frame periodic y to a path opposite to

- WhigRy&-dBhG 4818 ndvERE 4! GuBle A él@aé?‘ilﬁ’? Setbetk and a

according to the present 25 i nvention of claim32 is
chespTé eréd@fwhbyté heirsai€d. node |earns a forwarding

tag to be added according to said |earning frane.

A learning bridge node according to the present
invention of claim 29 is characterized by comprising a
TAG address management table which stores an address of
a forwarding tag on a MAC forwarding table memory.

The present invention of claim 30 is
characterized by a learning bridge node for a network
having plural nodes connected, wherein a learning
function of Ethernet is applied to a flow which
asymmetrically flows.

The present invention of claim 31 is
characterized by a learning method for a network having
plural nodes connected, wherein a node belonging to said
network transmits a learning frame periodically to a
path opposite to that in which a main signal frame flows.

A learning method according to the present
invention of claim 32 is characterized by that said node

learns a forwarding tagqg to be added according to said

learning frame.
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-10 The present invention of claim33 is

characterized by a | earning nethod for a network
having plural nodes connecteﬂ'_mherein a node

bel onging to said network re 87s to a MAC SA table
cache to judge whether 5 or not a |learning frane
transm ssion request is nmade, and stores a source MAC
address (MAC SA) which has nade a |learning frane
transm ssion request in said MAC SA table cache. A

| ear ni ng rEhehRrerev: dinentelamobhrekeit 3D Ifvention
of claim34 is characterized by that said node

perharaetent 7Rd opY saj ke i i Rephed cEok o2 ARtHRE having

| i f t i SSi t ot CPU. A )
| CAPERE AT ety TRETRL f ASHE 55 Tonding torsaid

or it e FEEE PR RS A L Eh G, difag onetes
T ofe Qg A" EEERE e 10 G 0SER e made,
el N9 { el dc{]e e%éé\?fge haxe ngddlpé%’é gt)uﬁ@ds?ﬁ) CAM@etIess made

wherein a no ongli ng to sal network is

ProV{ &esh W he fath® A Ph e 1FHPEE PEGuES 0 IR NBa i MAC SA
perfornms | earning frame processing. A |learning nethod

aceahth nehdwet he present invention of claim37 is
characterized by that said node is provided with an
equi prent X igy agridrodaeloRs ipkes tthey piesentof
configuration. A learning nmethod according to the
priavesttiomvefit¢buinf34| i¢ elbdractehbzedtiey i tleak byaid node
that sai d node
performs aging of said MAC SA table cache and makes a
‘learning frame transmission request to a CPU.
A learning method according to the present
invention of claim 35 is characterized by that said node
is provided with a learning management program which
performs learning frame processing.

The present invention of claim 36 is
characterized by a learning method for a network having
plural nodes connected, wherein a node belonging to said
network is provided with a learning management program
which performs learning frame processing.

A learning method according to the present
invention of claim 37 is characterized by that said node
is provided with an equipment control program which
makes a variety of configuration.

A learning method according to the present

invention of claim 38 is characterized by that said node
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di scrimnates an input frame. A |earning nethod
according to the present invention of claim39 is
characterized by that a node bhelonging to said

network perfornms agi ng of an éHfry to 5 be aged and
stores an entry to be aged in an aging nmanagenent
table. A learning nethod according to the present
invention of claim40 is characterized by that said
node stores an output port for a destination MAC
addiesrxipimgtes op) lnpdtafrageeperation in a MAC
forwarding table nenory. A learning nethod according
to the predelgarnipgmieihrdragserding tQ tha Rk H 2 ed
by, that said node ,stores an out put des%ination por t

at 1RVentifR 8f ChrimddAsif rghebaateay?eh BY bFRakicastode
table nepory, 15 A.learni net hod according.to the

o DS CARELRAVER SR P e AT BSEF TR o GLPB: 75 oP LRETY €0
that said node [es_an ) r rs r i ng
o5t A58, 200 T ePhEE cino e by DR 00t 1 28 EL A
ng&QRQ éﬁ&g{d{g@lép the present 20 invention of claim
43"553¢

aracterized by that said node is provided

with a foryeydiAg A Aoy | i Sed BhY G0 Ahe Jstidibnt
circuit and a table read/wite circuit. A learning

el HESh 8L6RT §F NE1LADt H¢ DS eSEatacterERéd by Ofh&t adaid4node
is characterized by that said node 25 stores an

adgle @66s Odn aoli HpwErsbg fEg ®ndes dMtat DoneMAl ngddedd e (MAC
menory in a TAG address managenent table. -12
DA) and a tag operation in a MAC forwarding table memory.

A learning method according to the present
invention of claim 41 is characterized by that said node
stores an output destination port at the time of
broadcasting to a tag in a broadcast table memory.

A learning method according to the present
invention of claim 42 is characterized by that said node
stores an output port for a forwarding tag in a tag
forwarding table memory.

A learning method according to the present
invention of claim 43 is characterized by that said node
is provided with a forwarding table having a table, an
aging circuit and a table read/write circuit. |

A learning method according to the present
invention of claim 44 is characterized by that said node
stores an address of a forwarding tag on a MAC

forwarding table memory in a TAG address management

table.
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The present invention of claim45 is characterized by
a learning nethod for a network having plural nodes
connected, wherein a node belaonging to said network

al so applies a learning functi’dn of Ethernet to 5 a
flow which flows asymetrically. A network system
according to the present invention of claim46 is
characterized by a network having plural nodes
connected, wherein a node belonging to said network
transnm t s Bhe rpuasert eknrikiqp o otkaian 49 kg to the
frame. A network systemaccording to the present .
i RaEaekeHized i a7leareing peEhed cfPp 2 tHREWREF ghaving

o P Ao FORELEY L2105 A0S, Rt L0 s
CCESLOI, 00 DB E5STS L NEIN) B S8 Woddiper <o
TSGR ol 401 £y LIS MDY 0 200 o seurce
(1 Pr ool ndhl Y e iR RN 7o

Nofg, Qe L5191 0 c1Lim A dl 18RI FBASSy % network
forwarding tag to be added on the basis of the port

t Ep0dy Wik 1 heodd A nfonfec téPiwhedfe #h NEIVEIK So/Bdefing
according to the present invention of claim50 is

ched agd &l i teetlvdnyk ac@tsiits dafrtane pfteat adidlasg a source
connect ed, wherein a node bel ongi ng
tag to the frame. '
A network system according to the present
~invention of claim 47 is characterized by that said node
learns a forwarding tag to be added according to said
frame with a source tag.

A network system according to the present
invention of claim 48 is characterized by that said node
refers to an aging management table to determine whether
to add a source tag or a forwarding tég.

A network system according to the present
invention of claim 49 is characterized by a network
‘having plural nodes connected, wherein a node belonging
to said network determines a forwarding tag to be added
on the basis of the port through which the frame is
input.

A network system according to the present
invention of claim 50 is characterized by a network

having plural nodes connected, wherein a node belonging
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sys

-13 to said network determnes a forwarding tag to be
added on the basis of the VLAN tag added to an i nput
frame. A network system according to the present

i nvention of claim51 is chardéterized by that said
node 5 determnes a forwarding tag to be added on the
basis of both said input port and said VLAN tag. A
network system according to the present invention of
claim52 is characterized by that said node outputs a
MAEP agldidsretwarkt debernsned oavEPTYAEA BRY | hpt to 1be vagded
address. A network system according to the presen%

i ne@nthenbasig| af ntB8 YEANNhRICcREAFS O b t HBPUE of Fame -

i nput MAC address is a Universal Adm nistrative

C
ag(djress ?n%l ?%WOQ?iW%W%ﬁCW%;E%Sﬂ?% RESR 15
cockess Lo 9on L1180 5 RIELLDGE LSS ARELOAKS pode
t oAFRBRRRASS ArfofiataThatfhd PETbe 40agd Py MEfle bA814 of

GehGER B85 ANenbiP oLt | 2a! 028 GHlAlRUcagd A NetWOTK

em accor g to the present 1nvention of claimb55

is charactgriggibily dfdteradédditng ito REKYisleskan h

an input port table nenory in which an input port and

anj hyent i Yh ADE st BabRas Zhed éwsractetbied mhyethae sypeé node
of tag to be added. 25 A network system according to

t heuppesena MAQVaddress ofesh bt img6fram chameaetting ean binput
a network having plural nodes connected, wherein a
frane adidcéss.

A network system according to the present
invention of claim 53 is characterized by that said
input MAC address is a Universal Administrative MAC
address and that said output MAC address is a MAC
address for identifying a tunneling frame.

A network system according to the present
invention of claim 54 is characterized by that said node
is provided with a table management unit which refers to
a table to determine the type of tag to be added.

A network system according to the present

- invention of claim 55 is characterized by that said node
is provided with an input port table—memory in which an
input port and an input VLAN are searched for to
determine the type of tag to be added.

A network system according to the present

invention of c¢laim 56 is characterized by a network

having plural nodes connected, wherein a frame which
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-14 flows between said nodes is provided with a source

tag. A network system according to the present
invention of claimb57 is characterized by that said
franme is provided with a MAC address for identifying a

5 tunneling frame. A learning bridge node according to
the present invention of claim58 is characterized by

a network having plural nodes connected, wherein a

node bel onging to said network transmts a frame

af fbpwadeergean seatdenodes t iy PEOYHEed rdhbh A FRUFER nkRg-
bri dge node according to the present invention of

clai m 59 i% RYENAUS FY TR RCEPEALIRG &P R PYRSENE a

forwarding tag to be ded accordjng.to,said . frane,
wi Rventich ot Gl TR 5 A T8 s ArRRCBET HEe ot RRE of 6 A

to.the present

oy EEARE 55 o oeiaed rr 6 oo o A dds Bl (EAENT SRS
totgﬁﬁ§$£%8ef¥gﬁ her to add a source tag or a

f orwar tag. A’'learning bridge node according to

the preseny 1 {WEHI Qb ol Bizd g as e Pietbnt

by a network avi ng plural nodes connected, wherein a

Noger et P B clRimatgl NetyRsKaded LI $e&dSSy 3a network
forwarding tag to be added on the basis of the port

t i ey Woil ka1 heodé @ n®omsect &@ptwhebe #n | £aiddédbelonging

bri dge node according to the present invention of

cl a0 ns £2d | ise oo lact esn et Hya af ramtewakter adding a source
tag to the frame. |

A learning bridge node according to the present
invention of claim 59 is characterized by that said node
learns a forwarding tag to be added according to said
frame with a source tag.

A learning bridge node according fo the present
invention of claim 60 is charécterized by that said node

- refers to an aging management table to determine whether
to add a source tag or a forwarding tag.

A learning bridge node according to the present
invention of claim 61 is characterized by a network
having plural nodes connected, wherein a node belonging

" to said network determines a forwarding tag to be added
on the basis of the port through which the frame is
input.

A learning bridge node according to the present
invention of claim 62 is characterized by a network

having plural nodes connected, wherein a node belonging
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havi ng plural nodes connected, wherein a node

bel onging -15 to said network determ nes a forwardi ng
tag to be added on the basis _f the VLAN tag added to
an input frame. A learning brﬂgge node according to

the present invention of claim®63 is characterized by
that said node determnes a forwarding tag to be

added on the basis of both said input port and said
VLAN tag. A |earning bridge node according to the
pregesrid|ngeperbndetesnines ca foreaeding ckagetopye added

t hat sai d node outguts a_ MAC addrgis resultiqg tfom
coPReble nershs | abutha oV Baeiradded AEP eaR n IR FERyRS

2 s Pt A LSS e SR i )
Un| Adnj nj, st ratjye. MA h .
out B e Bt LR S R A FELET b Bl Ty pode

a &é‘Qé‘ﬁLiﬁ?sfé af@mé\raf&;, "%?%‘?ﬁ%’%@?% Cg& 85 Condli e’és’{bi of

t he presen I nvention o aracteri z

L ﬁtl\?ﬁ%@?ﬁé&uﬁ Qfevaﬁ&g'.?m hygal abhg. managenent

ers to a table to deternine the type of

tag to be pddag-n Aty At BRfd i Iddar-daide @ atialip¥esent
to the present invention of claim®67 is characterized
byiddet 56h o osEaimi 64 pI®Velskech ot i ed i byputhpordaid node
table nenory in which an input port and an input VLAN
areuispats e MAOraddresiet e heindef rgmpecaivenaging de input
added. 25 A |learning bridge node according to the
pri¢gs@naddres®nt i on of claim68 is characterized by a

net wor k ]
A learning bridge node according to the present

invention of claim 65 is characterized by that said
input MAC address is a Universal Administrative MAC
address and that said output MAC address is a MAC
address for identifying a tunneling frame.

A learning bridge node according to the present
invention of claim 66 is characterized by that said node
is provided with a table management unit which refers to
a table to determine the type of tag to be added.

A learning bridge node according to the present
invention of claim 67 is characterized by thaﬁ said node.
is provided with an input port table memory in which an
input port and an input VLAN are searched for to
determine the type of tag to be added.

A learning bridge node according to the present
invention of claim 68 is characterized by a network

system for a network having plural nodes connected,
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system for a network having plural nodes connect ed,
-16 wherein a frame which flows between said nodes is
provided with a source tag. A _|earning bridge node
according to the present i nveftion of claim69 is
characterized by that said 5 frane is provided with a
MAC address for identifying a tunneling frane. A

| earni ng net hod according to the present invention of
claim70 is characterized by a network having plura
no@b%r%bﬁnécféamemﬂhiéhnbe%%d%eﬁ@$%%g$ﬁgd1903%5sh$d
network transmits a franme after adding a source tag

t PFPELEPd it ReBPWFF® FB¥hod according to the
present invention of ch?in171 i s char Cteriz%gggégesent

t hat Zai d HotRATHHLY RELAGH MRE% AF RS 1R
i t i 15 ith .
?:é%ﬁ%ﬁﬂ%%%ﬁéﬁmr%? o hifadSOlles bidnat said.
Fhrng™ a7 g " : _ .
PG SpEOAh YLER e ML o200 BRERALAEEEIAS o

a SPHiGeri e Or @ forwarding tag. 20 A | earning
nmet %% acc%rd%ng to the present invention of claim73

i s char actgeriZgsh byg andeiordccdryiny 1 Wi pesiame

connect ed, wherein a node bel onging to said network
deigvemesn dof os1&ifli TP ifochardecaciiesd oy & heebasils

of the port through which the frame is 25 input. A

| etpaivii iy pEitall modes diognéeotéde ywhesein a node belonging
to said network transmits a frame after adding a source
‘tag to the frame.

A learning method according to the present
invention of claim 71 is characterized by that said node
learns a forwarding tag to be added according to said
frame with a source tag.

A learning method according to the present
invention of claim 72 is characterized by that said node
refers to an aging management table to determine whether
to add a source tag or a forwarding tag.

A learning method according to the present
invention of claim 73 is characterized by a network
having plural nodes connected, wherein a node belonging
to said network determines a forwarding tag to be added
on the basis of the port through which the frame is
input.

A learning method according to the present

invention of claim 74 is characterized by a network
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invention of claim74 is characterized by a network

-17 having plural nodes connected, wherein a node

bel onging to said network determ nes a forwardi ng tag
to be added on the basis of "tHé VLAN tag added to an

i nput franme. A learning nethod according to the

present 5 invention of claim75 is characterized by

that said node deternmnes a forwarding tag to be

added on the basis of both said input port and said
Vikaving. plutahrmdre neemrr tedordienein a Heoge daelenging
invention of claim76 is characterized by that said

nokR sabd ore HHOEK ererBIRRSR FREYAYGHRY fFag to be added
converting an input. MAC address, . A, learning nmethod
iy rame.

A PATLE HRE prRe AN | tRE MG oFO (PR

h ized by th id, i MAC ad '
henzctel ot B enatidh LA SR RISy

I put_ MAC ad S C . ' if Vi
LR, 208155514 95 10 a0HLeSe: 88 AOOHAL YL oo

pr&%@&m%ﬁ@ﬂ%ﬁ%%&ﬂvﬁdﬂ%é%ﬁ%&%is%% A t?&ﬁ &k 28k Wasis of

t hat ~sal I'S provi e managenent

unide e £ r 81505 St 2h@ dahkh eyl dedgr nine the type

of tag to be added. A learning nethod according to the

present ixVeSHiPhe medidNadtdridiGhpras tidid zatksent
that said node is provided with an input port table

MeiFent Tonho £ e batim | THULs pehdr acitemized oy dAaMN said node

searched for to 25 determne the type of tag to be

adsierbuts | &@aMat noddmd s dremcbr thqof ton tdenypeelsiong an input
MAC address.

A learning method according to the present
invention of claim 77 is characterized by that said
input MAC address is a Universal Administrative MAC
address and that said output MAC address is a MAC
address for identifying a tunneling frame.

A learning method according to the present
invention of claim 78 is characterized by that said node
is provided with a table management unit which refers to
a table to determine the type of tag to be added.

A learning method according to the present
invention of claim 79 is characterized by that said node
is provided with an input port table memory in which an
input port and an input VLAN are searched for to |
determine the type of tag to be added.

A learning method according to the present

invention of claim 80 is characterized by a network
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invention of claim80 is characterized by a network
18 systemfor a network having plural nodes
connected, wherein a frane which fl ows between said
nodes is provided with a sourl® tag. A |earning
nmet hod according to the present invention of claim81
is characterized by that said frane is provided with
a MAC address for identifying a tunneling frame.
BRI EF DESCRI PTI ON OF THE-DRAWNGS 10 Fig. 1 is a block
di sgseemshoni agnateonk i havingoplusaxhnpbdesfceonpeysedal
network according to a first enbodinment of the
i iveredn; aFfyame yiigh pf bews dhatvesn shald ngedgs 1s
Et hernet frame configuration according to the first
enPbAY HERE With13 $eRCePeRTion; Fig. 3 is a block
di agram showj ng a, VLAN Tagged Et hernet frane
Conti gur ath oHPSRTHIGI IR A [3R09T PR CRiiR RARSTHE
the invention. Fig. 4.js.a block diagram.show n .
VR TR o0t i sl 118 Sdfrefentr et Re Y faia
e ' i.nvent i op, ~ Fi | Sea:b Ceos
d{f\]g%ggnqs% o% %%fge% o‘ﬁJlegIg uér a |%né@%¥é%‘% h%c?rﬁ ejf&é:‘l}(%lfrfeylng a
Wi j tag according to the first
eé&%&%ﬁﬁﬁafﬁf%ﬂg'invention; 25 Fig. 6 is a block
di agram showi ng a tag configuration according to the
first enbodi nent of the invention;

- BRIEF DESCRIPTIQN QF THE DRAWIN

Fig. 1 is a block diagram showing a configuration
example of a physical network according to a first
embodiment of the invention;

Fig. 2 is a block diagram showing an Ethernet
frame configuration according to the first embodiment of
the invention; |

Fig. 3 is a block diagram showing a VLAN Tagged
Ethernet frame configuration according to the first
embodiment of the invention;

Fig. 4 is a block diagram showing a VLAN tag
configuration according to the first embodiment of the
invention;

Fig. 5 is a block diagram showing a configuration
of Ethernet frame with a forwarding tag according to the
first embodiment of the invention;

Fig; 6 is a block diagram showing a tag
configuration according to the first embodiment of the

~invention;
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19 Fig. 7 is a block diagramshowing a learning frane
configuration according to the first enbodi ment  of

the invention; Fig. 8 is a block diagram showi ng a

| earning 5 frame conflguratloﬂ-accordlng to the first
enbodi nent of the invention; Fig. 9 is a bl ock

di agram showi ng a node Gl configuration in detai
according to the first enbodiment of the invention;
10 Fig. 10 is a block diagramshowing in detail a
confi gur at¥ba. of asmchzb@clsodmﬁarﬁagSWW%a al:%mn%
to the first _enbodi ment of the invention;

bl 6ERME; GeREHIYRBLIAR ARCAELARY BO Ebﬂff@ﬂ%t%la%%m%nt of
frame analxzer 201 according to the 15 first

enbbfi #BVENBLORhe invention; Fig. 12 is a bl ock

di agram s configuration of

Iearnl ng f Ja?reg? Irjg%g‘%@%?%ﬁ dh%% nERTY AR 2 z@‘z’-_‘rﬂif‘g
%ga%én%%591&95 % ﬁtggggggl n£oo£hetff%%€ Hﬁ%ﬁiﬁent of

ragram show ng in

g f a MACSA tabl e cache 2025 according to
thgﬂ%lgé?éﬁgg fnent of the invention; Fig. 14 is a

bl ock di agsaim shoyd ng hlosletdid laamcgz{ttwﬂuj & iduefcR

tabl e search”unit 203 accordlng to 25 the first

engeft 1§htaof ofh Nen | deeall O8ccodiding St Stife bf DEke
di agram showing in detail a configuration of a
f oembodimgnt abf etRO4imesntdong to the

Fig. 10 is a block diagram showing in detail a
configuration of a packet forwarding unit 20 according
to the first embodiment of the invention;

Fig. 11 is a block diagram showing in detail a
configuration of a frame analyzer 201 according to the
first embodimént of the invention; -

Fig. 12 is a block diagram showing in detail a
configuration of a learning frame transmission
management unit 202 according to the first embodiment of
the inventioh;

Fig. 13 is a block diagram showing in detail a
configuration of a MACSA table cache 2025 according to
the first embodiment of the invention;

Fig. 14 is a block diagram showing in detail a
configuration of a table search unit 203 according to
the first embodiment of the invention;

Fig. 15 is a block diagram showing in detail a

configuration of a forwarding table 204 according to the
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20_ first enbodi nent of the invention; Fig. 16 is a

bl ock di agram showi ng in detail a configuration of a
MAC forwardi ng table nmenory 2 according to the
first enbodi ment of the inven |on 5 Fig. 17 is a

bl ock diagram showing in detail a configuration of a
tag forwardi ng table nenory 2041 according to the
first enbodi ment of the invention; Fig. 18 is a bl ock
di agram showi ng in detail a conflguratlon of a

br baxiehsembedirent ef ytposneeebieng 10 to the first
enbodi nent_of the jnvention; Fig. 19 is a bl ock

di agr am sHoW ndl§ rigieé 1ok Q’&ﬁqa@%r%lﬂ"ﬂﬁl%f”hrp%g?wg a
O HERT= 608 [RF | Y | GEvEr g SATe eprr 2043
? SEESTRRE L ] gﬁ%sa%c%@? 55‘?@‘" R | plySedon;
enbodi nent of the J a}e rmo%{( etail a
g inde gura I 'on

dlagran1sho n rame

xﬁﬁf‘%& Frdi dn Z%CII’ié’édf&gwédelﬁ étm@rﬁﬁ)ﬁﬂ'm

nventi on, 1g. 22 1s a dlagram

She?c‘.%éhgdiﬁl; des e 2 i SOPT drAbBRLHAR c&f e aimydieisd o1
unit 207 according to the first enbodi ment of the

i nvention;riff.9.1823 3 2 dIYcK KiHAGTABIRAAMNE A detail a
configuration of processing realized by software in a

25 éit L foracim dhfiga tirdddedst stalehd asbmant 2042 heccording
invention; Fig. 24 is a table showi ng a configuration
oft@a the first embodiment of the invention;

Fig. 19 is a block diagram showing in detail a
configquration of an aging management table 2044
according to the first embodiment of the invention;

Fig. 20 is a block diagram showing in detail a
confiquration of a frame rewrite unit 205 according to
the first embodiment of the invention;

Fig. 21 is a block diagram showing in detail a
configuration of a frame aggregate unit 206 according to
the first embodiment of the invention;

Fig. 22 is a block diagram showing in detail a
configuration of a frame transfer unit 207 according to
the first embodiment of the invention}

Fig. 23 is a block diagram showing a
configuration of processing realized by software in a
CPU 30 according to the first embodiment of the
invention;

Fig. 24 is a table showing a configuration of a
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-21 TAG address managenent table 70134 according to
the first enbodinent of the invention; Fig.- 25 is a
flow chart explaining in detail an operation of an
event 01 according to the firdl 5 enbodi ment of the
invention; Fig. 26 is a flow chart explaining in
detail an operation of an event 11 according to the
first enbodinent of the invention; Fig. 27 is a flow
chart explaining in detail an 10 operation of an
eV addreevrmrirgenelhctablet70MDARIGREALRG EPcthe
invention; Fig. 28 is a flow chart explaining in

?e@a’?"rt a?fnb“b‘?fb’éd peftt A RNt RNRNELAD? according to the
irst enbodi me of t i nvention; 15 .Fi.g. 29 is a.
1 ow char 2l A8 (el oA it A et L
event 05, accordi ng to t first .e dj the
A AT T A st T Sl
le P [ .on: . event 13 according to the
;:é%é%%p%r%o% ?e%%%‘?&?%ﬁi/enti on; Fig. 31is a

ow chart a4 i [ ta ARE | f ;
event 06 aFc%%P(ﬁ% gé_tq%t ﬁ?ic?is%r@:eér}r(bodi nlgrﬂd)cr)sfrptdhééﬁhll
| nySdit A Of6n b adZevéntd 11 Weddeding X ally NEirdt
detail an 25 operation of an event 14 according to
t hemdd ShenterdPdin@ninwdntienj nvention; Fig. 33 is a

t opol ogy di agram showi ng a

Fig. 27 is a flow chart explaining in detail
operation of an event 03 according to the first
embodiment of the invention;

" Fig. 28 is a flow chart explaining in detail
operation of an event 12 according to the first
embodiment of the invention;

Fig. 29 is a flow chart explaining in detail
operation of an event 05 according to the first

. embodiment of the invention;

Fig. 30 is a flow chart explaining in=detail
operation of an event 13 accofding to the first
embodiment of the invention;

| Fig..31 is a flow chart explaining in detail
operation of an event 06 according to the first
embodiment of the invention;

Fig. 32 is a flow chart explaining in detail
operation of an event 14 according to the first
embodiment of the invention;

Fig. 33 is a topology diagram showing a

an

an

an

an

an

an
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-22. configuration exanple of a tree TO according to
the -first enbodinent of the invention; Fig. 34 is a
t opol ogy di agram showi ng a. G%ﬁqfiguration exanpl e of
atree Ti according to the 5%irst enbodi nent of the
invention; Fig. 35 is a topology diagramshow ng a
configuration exanple of a tree T2 according to the
first enmbodi ment of the invention; Fig. 36 is a

topol ogy di agram showi ng a 10 configuration exanpl e of
a ¢prbéiquractondengmebetpt aftree B Hedingfte hehe
invention; Fig. 37 is a topologz_diagran1shomﬁng a
cobiFgtr PR BRARPPE Bhe alRYRREFANHccording to the

first enbodj nent. of the invention, 15 Fig. 38 is a
sequence chsft %4 i deeriew Cg‘ﬁ?ﬁﬂ“% %‘&’crbc-lfgfi‘ng to
the fLrst enbodi nent of the. jnventjon. Fig. 39 1is

C CERRHLE R et PR A B i 7 et Fecdtding o el
the; L1 SLuSORAGLAENGe Ofnd Meny@Rcigyenti on: and Fig. 40
i s @ Séquence chart of "an operé%lon’ exanple 3

accordi ng t fq ' : | t4 on.
205115 143 SR GE R S andiien'd

Fig. 41 is Wi ng a 25 configuration
of cauE By Pedn (Erahp BEEo 624\ Wdd B2 SESEdin@T0to the

according to a second enbodi nent of the invention.
Fighird2 éfbedDh@sk 6/ aghienisvent ion A

Fig. 36 is a topology diagram showing a
configuration example of a tree T3 according to the
first embodiment of the invention;

Fig. 37 is a topology diagram showing a
configuration example of a tree T4 according to the
first embodiment of the invention;

Fig. 38 is a sequence chart of an operation
example 1 according to the first embodiment of the
invention;

Fig. 39 is a sequence chart of an operation
example 2 according to the first embodiment‘of the
invention; and

Fig. 40 is a sequence chart of an operation
example 3 according to the first embodiment of the
invention.

Fig. 41 is a block diagram showing a
configuration of an Ethernet (R) frame 62A with a source
tag according to a second embodiment of the inventién.

Fig. 42 is a block diagram showing a
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.23 configuration of a table search unit 203A
according to the second enbodinent of the invention.
Fig. 43 is a block diagram sho ﬁgng in detail a
configuration of a |earning genment unit 202A 5
according to the second enbodi nent of the invention.
Fig. 44 is a flow chart explaining in detail an
operation of an event 01 according to the second
enbodi nent of the invention. Fig. 45 is a sequence
d|ﬁgﬂﬁﬁgbraﬁhoﬁp@faﬁléﬁblfoséiﬁﬁblEnFtageéAdﬁﬁgofélﬂﬁetO
second enbodi nrent of the _invention. Fig. 46 is a
seﬁﬁ@nE@CBPQgFHHPQ#mﬁﬁtoﬁérEPPothQREﬁﬁPe 2 accordlng
to the secgnd eppodi ne i nventi on.

is a bIockFﬁgag n+§h%3$%acat3%% Prf FPuf ?Vbﬁgo+“ d$5%+% a
earcF%unlt

i nveh %Hraﬁ%an a8 Fslsagsaagn%anaﬁsa?aﬁ1s?lg 202
OPaEBbLGEngCEATPhE doBSAA" dhBlaiRefPool i CHDORLIBA!

|on Iragram ,
Srou'ns 5 RESIIAS A ool apdobl sty G008 o
P oghetssgnoa simycen O, sonana'oned socong
I ngabdd denti §f BHei sndeht D6K. di agram showi ng a

Fig. 45 is a sequence diagram of an bperation
example 1 according to the second embodiment of the
invention.

Fig. 46 is a sequence diagram of an operation
example 2 according to the second embodiment of the
invention.

Fig. 47 is a block diagram showing a
configuration of a table search unit 203B of a third
embodiment of the invention.

Fig. 48 is a sequence diagram of an operation
example 1 according to the third embodiment of the
invention.

Fig. 49 is a block diagram showing a
configuration of a table search unit 203C of a fourth
embodiment of the invention.

Fig. 50 is a block diagram showing a
configuration of a forwarding table 204C of the fourth
embodiment of the invention.

Fig. 51 is a block diagram showing a
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_24 configuration of an input port table nenory 2049

of the fourth enbodi nent of the invention. Fig. 52 is
a bl ock diagram showing a confjiguration exanple of a
physi cal network according to %% the fourth enbodi nent
of the invention. Fig. 53 is a block diagram show ng a
configuration of an Ethernet (R) frame 62C with a
source tag according to the fourth enbodi nent of the
i nvention. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENT

. Theopfégurasdoanbédeneanpot pRetptabdat mpruoskt 2BA9 of the

wi || be described in detail with reference to the
acéenphhyenbodingntget Fhg. 1nveBtioBkock di agram
showi ng a configgration 15 exanpl e of. a physica

net wor k ;thﬂfc t heé %r%%%ﬂk d%ﬁ ﬂ?i%BOV n p%lied;

G SoBEaNGAE AR, PR ERRReREch PBYRLFRL.NARG Enapeordtte o
h ' i Et h i.teh k d i nk

(nenaogs i sadflaFhREETSE S Ry BRKH, o, ol

connectec #9q, 158 SOVRI pICRi aglll SSRGS

connected to"the uplink ports. Tnthis e

ClESﬁfighréﬁioﬁOBEe&ﬁeﬁtﬁgrﬁgﬁcgﬂvmffﬁﬁep@?é ¥Hh)a source

and the"node G3 and the node G} are connected to the
upthgkabestainy/ td tRE respertéMbIimdhe 82deh&linvention.
perfornms the followi ng operation on the physical :
network of Fig. 1. -25

ESCRIPTT THE PREFE

The preferred embodiment of the present invention
will be described in detail with reference to the
accompanying drawings.

Fig. 1 is a block diagram showing a configuration
example of a physical network to which the present
invention is applied.

The physical network of Fig. 1 is configured of
nodes Gl to G4 which are connected to form a ring shape,
the node Gl is an Ethernet switch having a downlink port
{D/L) and uplink ports (U/L), a c¢lient is connected to
the downlink port, and a switch is connected to the
uplink ports.. In this embodiment, a client C1 is
connected to the downlink port (D/L), and the node G3
and the node G4 are connected to the uplink ports (U/L)
respectively.

The node Gl performs the following operation on

the physical network of Fig. 1.
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(1) Wth a tag for forwarding or the like (e.g. ID or
address of a node to which a destination client is
connected) added if necessaryJEg_frane arrived from.

the client O is transferred 420 one or both of the

node G3 5 and the node 4. (2) A franme arrived from

the node G3 is renbved an added tag if necessary and
transferred to one or both of the client Cl and the

node 4. In_a case, for exanple, where the arriving

frame 10 (§)dVieRtadtas feae Eprearding dechhgelike (e.g.
client Cl.is connected to the node in question, tge .
f 1 $eOF sAdEFSRES BF r BanPEe KR EhiEht 2cHleRFLRABACRBAEENT i
ta informati.gn . such as an_address _of the nod

o erbRetBay AaARd  LE IpRReRRarY onht RESHBURT IV fiom the
re _ Lf, ne sary a e

{ CRLEHs, 3 fR BERRPRLP e B GRe AL PRER SEaTRS hoFE o3

Cagfd £§é ﬁéaﬁgb@, where the arriving frame is

directed to t client Cl, because the client Cl is

connect ed E@} tRerPORe AP DHESTE A LhE AS@Fe3 Si20removed

transferred to the client C1 with an added tag

(i #hosd@eH0DagUEh Recegsaeylr 888 ©fahfLePPE@ 8)one or both
deleted. (4) Alearning frame is sent and received

bebfeehet kisntdec Clanddchdenddelec43 or the node A to
exchange address information required for the frane
transfer Zbnshovasen fidy d:xafile, (Vi)ere BRI {1Brivigey frame
Protocol Data Unit) frame specified by a high-speed
spdniibgected beotheotlientepl, -Pecause the client Cl is

connected to the node in question, the frame is
transferred to the client Cl with an added tayg
(information such as an address of the node Gl) deleted.

(3) A frame.arrived from the node G4 is removed
an added tag if necessary and transferred to one or both’
of the client Cl1l and the node G3; |

In a case, for example, where the arriving frame
is directed to the client C1l, because the client Cl is
connected to the node in question, the frame is
transferred to the client Cl with an added tag
(information such as an address of the node Gl) deleted.

(4) A learning frame is sent and received between
the node Gl and the node G3 or the node G4 to exchange
address information required for the frame transfer
shown in (1) to (3).

| (5) A BPDU (Bridge Protocol Data Unit) frame

specified by a high-speed spanning tree protocol is sent
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and received between the node G and the node G3 or
the node 4 to exchange path information required for
execution of the operations (1), to (4). The node & is
a node having the sane 5 configurati on and function as
the node G and an Ethernet sw tch having the
downlink port (D/L) and the wuplink ports (UL). The
client is connected to the downlink port, and the

switch is connected to the uplink ports. According
thén@nﬁﬁﬂﬁhﬁﬂ@ bekueen; the QQdPsGlOaEGnhBQt%ﬂd?oG§h%r the

e B AT o e
SRS S8R e [R5
added a Ip,d agh0red of et digge A igy | Le (0. 1D or

addr ess of 3V ha |on clitent is
A R e R
argtNeendt oge;i’a@n nﬂ&’@l@ £8e ' 85BN EEnk 2190:9{1 ehﬁﬂﬁ? daf @9the

if necessary and transferred to one or

cligninkEZperes t g/npde &b JIichicase ,cd‘rﬁfece;wrmoe ,the
where the arriving franme is directed to the client

C2dobeTimis epdite, chn®nthéZswitclt oiwecdtieded heo neitke wplink
question, the frame is 25 transferred to the client C2

Wi pdr-as. addeedndagg (ton frdweneemberd isneait ,ashen cddeémes €2ofis
the node G2) deleted. (3) A frane arrived fromthe
noelenm@cted reprotviee) dggmlink port (D/L), and the node G3

and the node G4 are connected to the uplink ports (U/L).

The node G2 operates as follows on the physical
network shown in Fig. 1.

(1) A frame arrived from the client C2 is added a
tag for forwarding or the like (e.g. ID or address of a
node to which a destination client is connected) if
necessary and transferred to one of both of the node G3
and the node G4.

(2) A frame arrived from the node G3 is removed
the added tag if necessary and transferred to one or
both of the client C2 and the node GA4.

In a case, for example, where the arriving frame
is directed to the client C2, because the client C2 is
connected to the node in question, the frame is
transferred to the client C2 with an added tag
(information such as an address of the node G2) deleted.

(3) A frame arrived from the node G4 is removed
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the added tag if necessary and transferred to one or
both of the client C2 and the node G3. In a case, for
exanpl e, where the arriving frame is directed to the
client C2, because the client is 5 connected to the
node in question, the frame is transferred to the
client C2 with an added tag (information such as an
address of the node &) deleted. (4) A learning frane
is sent and recejved between the node &2 and the node

the 2ddedotird Guf tReeReRdRyeand bR EER T eH obPePRRroT

reguired for the frane transfer shown in (1) to (3).
(5%° ?% %Pfh?r%%%egﬁe%?f?%ﬂ E?eanﬂ¢ Hdpeed spannlng

t t t d d .bet t he .
B O e e P SRS S SIS (A erame

' ”{Qr&’f}éc(o%& e%'ét?éj c%_‘ﬁf.el?%( dﬁé‘m@é‘cﬁs %xé’péiféﬁ\?trkﬁze is

shown™Tn havi ng
nd an
%%ﬁ%ﬁ%% aV| ng- t#{'ﬂ%ﬁ Qﬁ%ﬁ port %3 a%d t he
20¢ o & £ P Lo (Hhd) 1 18 G2 G t1h Sart OARKRE 6k g O the

25 downlink port, and the swtch is connected to t he

upl ifkormM@ticn ACEOr&k Ngn taddiess esboghdaiide ) deleted.
client C3 is connected to the dowlink port (DL),

and the nodp @A lemvhire Mode G Aenmtc gk ek ived etween
uplink ports (UL). The node G3 operates on the
phtise caddened2voand ofhe Rigde 1Ghsof othewsedd 1G4 A d rexshange
arrived fromthe client C3 is added a
address information required for the frame transfer
shown in {1) to (3).

(5) The BPD frame specified by a high-speed
spanning tree protocol is sent and received between the
node G2 and the node G3 or the node G4 to exchange path
information required for execution of the operations
shown in (1) to (4).

The node G3 is a node having the same
configuration and function as the node Gl and an
Ethernet sﬁitch having the downlink port (D/L) and the
uplink ports (U/L). The client is connected to the
downlink port, and the switch is connected to the uplink
ports. According to this embodiment, the client C3 is
connected to the downlink port (D/L), and the node Gl
and the node G2 are connected to the upiink ports (U/L).

The node G3 operates on the physical network of

Fig. 1 as follows.

(1) A frame arrived from the client C3 is added a
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.the node G3) del eted.

_2S tag for forwarding or the like (e.g. ID or
address of a node to which a destination client is

‘connected) if necessary and transferred to one or

both of the node G and the e &. 5 (2) Afrane
arrived fromthe node G is renoved the added tag if
necessary and transferred to one or both of the
client C3 and the node &. In a case, for exanple,

‘where the arriving frane is directed to the client

C3tapefauséorvierdingnerCihpslike (entiecIBdoroaddrensdef a
in question, the frame is transferred to the client C3
mﬁPﬁdSntﬁdﬂﬁﬂcFa@ dephiBARAPROALiGRR 48 qAnBEaEedd of

%3) A frame arrjved fromthe
noBECESSALY BRGVEHARAECHHRE 0t PaQRP rOFcbRERPY BRG node Gl
transf éred 30 gne or 15 both of the client C3 and
t h8Mfoae®d' 9% n"4a- case, for exanpl e, where the

arriVing fraey bo.glrecteddoeife Gl eaCh DEEASEovea

the client COonnec e node in ques

th r S raps : j i

L aah’ #Eeh oyl PERELEaL0 A0S ELLEBLARN L) O or
Noget (53 £ deh&t €fient 4¢3 THEA! €RE NhHGe fEAIE s sent and
recei ved between the node G3 and the node G or the

node & torp exChEdde Bshelr&esmp 18 Orwidted Nt Hee it BELHPr £ rame
execution of the franme transfer shown in (1) to (3).

25i¢ 5Qiddet SPOtb f thaecbpent fC B bycdlse hilgh-shbetic €3 is
spanning tree protocol is sent and recei ved between
t heonmeciee Bt anthe heod®den Giuestidwe, note Rame is
exchange path
transferred to the client C3 with an added tag
(information such as an address of the node G3) deleted.

(3) A frame arrived from the node G2 is removed
the added tag if necessary and transferred to one or
both of the client €3 and the node Gl.

In a case, for example, where the arriving frame
is directed to the client C3, because the client C3 is
connected to the node in guestion, the frame is
transferred to the client C3 with an added tag
{(information such as an address of the node G3) deleted.

| (4) The learning frame is sent and received
between the node G3 and the node Gl or the node G2 to
exchange address information required for execution of
the frame transfer shown in (1) to (3).

(5) The BPDU frame specified by the high-speed

spanning tree protocol is sent and received between the

- node G3 and the node G1 or the node G2 to exchange path
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-29 information required for execution of the

.operations shown in (1) to (4). The node 4 is a node

having the sane configuration and function as the
node G and an 5 Ethernet swi t¥h having the downlink
port (D/L) and the uplink ports (UL). The client is
connected to the downlink port, and the switch is
connected to the uplink ports. According to this
enbodi nent, nothing is connected to the downlink port
( Dipformagicherpauarel foraagecntippdefBhareperations
connected to_the uplink ports (UL). The node (4
op&havBsiBs (Ld| FBWE4dm t he physical network shown in

Fig. 1. (1), Aframe_arrived fromthe node d is
.t?ansfesrﬁﬂetﬁo ﬁeGﬁoH% %Qn?@en%%%%%%rgbel%aT%) A

frane_arrived fron1t§e node G2 i transferred.to_the
nofENEr SPFAFEeRGahfy FUnGEIon S| Bhe PREST Fh 8RfsSent

i . . d
hEehERRL o1 Reh IREDIhTCCRR ottt ARE baFCTPHPLE aB ehe
f ' t f i
ShOpEXRUpbLRS Iy gf. | Mg [ AVEEr M SintRA S 48] the
th&o@hﬂbnﬁDﬁSFt,Sﬂﬁ&n£H8 EWEECcR' 95 068hnbStE§ Lo 2PHe uplink
recei ved between the node & and the node Gl or the
nogerte. ! Adudaigs fmtthid dridineit [ ety ady figy

execution of the operations 25 shown in (1) to (3).
Theonhéebeéd CtonehasdawpeisknpbrEoPLL Bf , and Seh& enode aGl
router, a switch and all other electronic equi pment

and the node G3 are connected to the uplink ports (U/L).

The node G4 operates as follows on the physical
network shown in Fig. 1.

(1) A frame arrived from the node Gl is
transferred to the node G2 if necessary.

(2) A frame arrived from the node G2 is
transferred to the node Gl if necessary.

(3) The learning frame is sent and received
between the node G4 and the node Gl or the node G2 to
exchange address information required for execution of
the frame transfer operation shown in (1) to (2).

(4) The BPDU frame specified by the high-speed
spanning tree protocol is sent and received between the
node G4 and the node Gl or the node G2 to exchange path
information required for execution of the operations
shown in (1) to (3).

The client Cl means a personal computer, a server,

a router, a switch and all other electronic equipment
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-30 for sending and receiving Ethernet franes.

- According to this enbodinent, the client d wll be

descri bed assum ng a conbinatjon of a persona
conputer and basic software égbable of exchangi ng
|CVP PING The operation 5 to be described here can
al so be executed in the sane way for application
other than the ICMP PING This application includes
sharing of files and a printer by NetBlIOS or Apple

TafRr ¥epdipg epfd/ recaiwipgTPtheEprETfrapep, dvgording to

POP, , SSL na,the i ke which are_applicatiqn 10 using
 nELS| AbARALERHF | ghpaFLaAnExGApréllit he deFeribed s
connected to the downlink port (DL f the node G .
ThESSRPLRE BoCPEDARAFi R, oF; fi PeF=PRalEOBPRERT e8dahasic

o PERPaRS' SRPARIR oPE cPEERPBATRG EGMR TBRRE) ormad psrption
15.8nfe" § b¥iﬂ8df§@§é E%ﬂfsg§5m§§ﬁag§c%€s&Oig;gﬂetQame

§
thrs enboglnent e clre €scri

a ' a j 0, S I ang, +
A S e L R e
thaﬁpﬁﬂﬁétﬂ@ﬁaih@Dud@é?@H&ﬁin?h@foiféé 4441 & printer by
connected to the downlink por 20 (D/'L) of the node
GNetBEOS| d2NApEBe i BaBk £l TE€PY I8) NubBY TP Cahd EHTTP £ MELNET, .
Cl and neans a personal conputer, a server, a router

a FERy tSMTRHAPQP| BSheind| s r bike wigldlpneneé dpplication

.sendi ng and receiving other Ethernet franes.

Acesiniy nghem. t Hirs t26.se wisodiimpunat itdie exdampite ,C3he Idliemt C1
descri bed assuming a conbination of a persona
cohpLE@neFiedase cthofdauwnbinlk apemt o L bxehafg mpde Gl

ICVP PING_In this configuration L. .
- The client CZ is a client similar to the client

Cl and means a personal computer, a server, a router, a
switch and all other electronic equipment for sending
and receiving other Ethernet frames. According to this
embodiment, the client C2 will be described assuming a
combination of a personal computer and basic software
capable of exchanging ICMP PING. In this configuration
example, the client C2 is connected to the downlink port
{D/L) of the node G2.

The client C3 is a client similar to the client
Cl and means a personal computer, a server, a router, a
switch and all other electronic equipment for sending
and receiving other Ethernet frames. According to this
embodiment, the client C3 will be described assuming a
combination of a personal computer and basic software

capable of exchanging ICMP PING. In this configuration
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.31 exanple, the client C3 is connected to the

downlink port (D/L) of the node G3. Fig. 2-is A block

di agram showi ng a conflguratlon of the Ethernet frane
transferred over the network ofl” Fig. 1. | EEE 802. 3

Et hernet franme 60 is a frane format used for Ethernet

and forned by the frame format of Fig. 2. For the

network control frame, a special MAC address is

stored in the destination MAC address according to 10

t hexemphear theFcgieati €3aibl cokndchgdatoshbei dgwalink port
configuration of a VLAN Tagged Ethernet frane fl ow ng
on(PKE) nefwbhk neferfd. 1. | EEE802.3 VLANT Tagged

Et hernet frame 61, is a _15 frame with VLAN tag 606, of

the | EEES0BL3: Ef hk$ net PIogkediggran sheiing 1§ grrfiguration

for used. for the Ethernet an or ned

f oPFatitr EERgEhat "Bme e Aae SBF ke COME oFhe BREWORR of
spgei al N%C address is stored in the destination MAC
ad %gés according to the standard, and 20 the VLAN tag

1606 for Stfﬁﬁﬁ%@f%'ﬂt&é@ﬁ%ﬁ #r%m@aé@tiéma Fframe format

information 1s possesse ramne. 4

b'QQ&ddf@ErﬁﬁhéPﬂé\t ”QnﬁeESPﬁég ﬁetﬂ‘? fféméhg éﬂzréé' 6§9F1g. |

for the VLAN Tagged Ethernet
frame #dy nle HethRE kWM Rt 6, %ﬂ%dl@l Em: Adress

An identification ID of a tag |nd|cat|ng that the
fragestoré@girdtheé 4é9tLdatiohagat yRedfédSd, aéddrding to
the standard.

Fig. 3 is a block diagram showing a configuration
of a VLAN Tagged Ethernet frame flowing on the network
of Fig. 1.

IEEE802.3 VLANT Tagged Ethernet frame 61 is a
frame with VLAN tag 606 of the IEEE802.3 Ethernet frame
60. It has a frame format used for the Ethernet and
formed in the frame format of Fig. 3. For the network
control frame, a special MAC address is stored in the
destination MAC address according to the standard, and
the VLAN tag 606 for storing special network separation
information is possessed within the frame. -

Fig. 4 is a block diagram showing a configuration
of the VLAN tag for the VLAN Tagged Ethernet frame of
Fig. 3.

A frame format of the VLAN tag 606 is shown in
.Fig. 4. An identification ID of a tag indicating that

the frame is tagged is stored in tag type 6061, and
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-32 0x8100 is stored in view of the standard. Priority
informati on of 8-stage franme is stored using three
bits for Od000-0d11l1 in priority 6062. CF16063
i ndi cates that routing inform#ion for source routing
to be used by a 5 token ring is included. ID
information for separating the network is stored in
ULAN | D 6064. A node for relaying the frane refers to
this IDto limt aroute for transfer of the franme in
t hexBD0Onis sporedsépavaew ofhtheeshendardo Fyiomity
a bl ock diagram showi ng a _configuration_ of the . i
Et hBRf AERatiaRefi Bhotadef BEABedingStagedouping three bits
r.the network of Fig. 1. FEthernet, frame

QA TSR SN #B PLIOFItY 6962ne GhL4PES tinfimares that

the | EEEBQR. 3 Ethernet .frame 60. 15 It has the sa

( (EREETBY neREQEMRRAPn (EBH FOPETher ThERReRO ahe RaPAelY @
to f for S i Fi.g. 5..For the ..
nebUBEE o L8 FrtBadBY. e chon g qdPtrating
st j Sti I O €585c 4 aCGOr gl
SLEREChAuLbe desiLonti ol MEad O Siss 2CGETAAY 48

t hee 128 2O hOT £54MRE | AGFEPE CEIBER DD B9 6 €l BYi 00a O oute
the framel A bit indicating the forwarding tag Is

usesl feramsf&F | b7/ tRQ fEané | i Caléd oD I A DE NBé | €F séPddate
of the tag 620. Fig. 6 is a block diagram showi ng a

cottié onetaboxia. 25 of the tag 620 for the Ethernet

frame with the forwarding tag of Fig. 5. A frane

format of Rike tfagi620 bloahaiagranFighoWwing a configuration

of the Ethernet frame with the forwarding tag to be
transferred over the network of Fig. 1.
Ethernet frame 62 with a forwarding tag is a
. frame with a tag 620 of the IEEE802.3 Ethernet frame 60.
It has the same frame format as that used for the
Ethernet and formed to have the frame format shown in
Fig. 5. For the network control frame, a special MAC
address is stored in the destination MAC address
according to the standard, and the destination MAC
address has the tag 620 for storing information on
relaying of the frame. A bit indicating the forwarding
"tag is used for priority/tag identification information
6201 of the tag 620.
Fig. 6 is a block diagram showing a configuration
of the tag 620 for the Ethernet frame with the
forwarding tag of Fig. 5.

A frame format of the £ag 620 is shown in Fig. 6..
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-33 The identification ID of a tag indicating that the
frame has a tag is stored in tag type 6061, and the
same Ox8100 as the standard is stored. For the
priority/tag identification i?d#ormation 6201, 3 bits
are used for 5 GdOOO- AdI 11, and priority information

'on a 4-stage frane And information indicating a tag

type are stored. The tag type can be defined to have
information to be stored in a tag according to a
us&hes ideatifichtionaIPoofarditng indgcatdngathay &he frame
frame's destination node or a source 10 tag indicating
a bASadc kg ipafsPErdsdlr a9 tFPE06961linandaths shae

ti information for squrce routing to be used for
ﬁ@&ﬂ@n% fgei §tPReptdeds stered-i nfex Ahhe |ppbopity/tag

d f t h de
28%8%§§9%ecatﬁsai9p%¥§ﬁpeﬁoé”ageﬂﬁnéfBaE%Epr%ﬁpssg”%es
s of La so .ce

CoBa8RpSHaTnng AR eRIGE Y Shshr eI R BR S, phaod frame
L o8h8l RbLAE: bhOthBICAYEha' AocRG! VRS Ble tfiorda. The

: EtESEg {pbr8gR B8 Wb Ebnbherbaga OlﬂfgrﬂéﬁlanfEatﬂéestored

20 t he MAC address 631 for [earning

| dent 4f tegt heBokAdhgatbng tHak Ehﬁséragﬁchsaé LepbPLRBding
frame stored in the destinati on MAC address. A bit

| ndagaihdgcatbngadcapamé ag desvsedtion hb8e or a source

priority/tag identification informtion 6201 of t he

t agag2inddodting &@5bresadbdessatrahsfier fonnad. aCHIGRE3

used for the Ethernet and fornmed to have the sane

frinditateat thati nowt ing Sinféimat Bonsfar bsogkeei mouiing to

showi ng a configuration
be used for the token ring is included. Stored in VLAN
ID6202 according to a tag type is information such as a
node address of a node to which a destination client is
connected or a node address of a source node.

Fig. 7 is a block diagram showing a configuration
of the learning frame flowing over the network of Fig. 1.
Learﬁing frame 63 is a frame having the IEEE802.3

Ethernet frame 60 with the tag 620 and has a feature
that the MAC address 631 for learning frame
identification indicating that the frame is a learning
frame stored in the destination MAC address. A bit
indicating a broadcast tag is used for the priority/tag
identification information 6201 of the tag 620. And, it
is the same frame format as that used for the Ethernet

and formed to have the same frame format as in Fig. 5.

Fig. 8 is a block diagram showing a configuration
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-34 of a learning frame wth the VLAN tag fl ow ng over
the network of Fig. 1. The learning frame 63 is a
frame which has the |EEE802.3 Ethernet frane 60 with
the tag 620 added and 5 has a3feature that the MAC
address 631 for learning frame identification
indicating that the frane is a learning franme is
stored in the destination MAC address. For the
priority/tag identification 6201 of the tag 620, a

bi °F fdileATNiR% IFeged s the VEANs&ag AA@wingheyerhghe

10 sane fra format as that used for the Ethernet and
f oM ark 2% §i%at having a VLAN tag inserted into the

quﬁvnf AR iﬁﬁrgingo#ﬁﬁsr 831 35 8f ERBe BRLCRhas the
CnHEEESR A et pBOM ol eb0Ek she bdolkdp, Audkds ana

swh*a%h ngg gguﬁ CRUR" 'tﬁ%d Mat: 4gd9§§‘§.st 6350%}9@ ﬁ;eggggﬂ'g})

a maln nenory a conso

WhE%%mbhgdgﬁEEQQCQEQoﬁ'ﬁ Hh%5¥1ﬂﬁlnHSt gﬁfpfﬁﬁﬁﬂtﬁﬁYa

i nvention are applied e switching hub I uses

151 eBrMihG, fPEYells EH%réa 1NA@hé1de§@£h$@10ﬁpﬁhé3address.
and MAC 14 to be connected to I/F (1), I/F (2),

(3Forastel pribd)itgothg sasdtanschesshve2bdneckt Bﬁéneh 620,
frame. The packet forwarding unit 20 applying the g
preskbat indéottingtaabsbadeatbetagcesvadedl amnd qitirhas the
appropriate interface, has a transfer control program
st samg FnambefcpurBOasanthaheusednfoenthy Bbhandetyi and

2 formed in a format having a VLAN tag inserted into the
frame format of Fig. 5.

Fig. 9 is a block diagram showing in detail a
configuration of the node Gl (switching hub 1) shown in
Fig. 1. ‘

In Fig. 9, the switching hub 1 (namely, the node
Gl) is an Ethernet switch which is comprised of a packet
forwarding unit 20, a CPU 30, a main memory 40 and a
console I/0 51 to which the method and circuitry of the
present invention are applied. The switching hub 1 uses
PHY 15, PHY 16, PHY 17, PHY 18, MAC 11, MAC 12, MAC 13
and MAC 14.to be connected to I/F (1), I/F (2), I/F (3)
and I/F {(4) so to send and receive the Ethernet frame.

The packet forwarding unit 20 applying the
present invention transfers the received frame to an
appropriate interface, has a transfer control program

stored in the CPU 30 and the main memory 40 and gives.a
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-35 control instruction to the packet forwarding unit.
Fig. 10 is a block diagramshowing in detail a
configuration of the packet forwarding unit 20 shown

in Fig. 9. 5. The packet for¥@&iding unit 20 is
conprised of franme analyzer 201, |earning frane

transm ssion nmanagenent unit 202, forwarding table

204 and table search unit 203 including the functions
of the invention in addition to framne rewite unit
205ontrgde iaghragaioni bounibe pecketd foramerdingnyhdt -

unit 207 of  a conventlonal circuit. The packet

f or war di ngF#éfit 1901kad BlﬁﬁEhﬁhﬁgﬁﬁmoShP@éégvéntﬁ@tall a
IEEE8%2 3 Ethernet frame 60 of Fig the |1 EEE802.3
VLARREF9G584 L BPn B nEhey P&FrEeGlfSFWﬁFSmS upgg 28 shown in

Et hernet, frane with a forwarding tag of Fig. 5 and the
| edrdirng frame 63 of Fig. 6 as input frame 101 and to

transzﬁg ﬁi&g éggﬁﬁérﬁEEKégéiégt%Qgghﬁﬁz%%é?éﬁs?bs%%eOf
| Er%éécgﬂéQSZEEe?&%%kl%gﬁ?#ég %?ég?ggféﬁgmkéglgﬂ)

GQMhﬁ éﬁeﬁ@nﬁhQE 9099r93¥§9§dﬂﬁbcgaﬁi§ Qb@gﬁﬁﬁstgﬂie

net wor control and equi pnent control are executed

angeatehvahdt nPosabhe16aNhEOLhEr PGHAELEAE, o¥NERE 1nvent10n
perfornms frame sendi ng processing and mani pul at es

i nfioraddibbonntd5ttamef pewai de ngniabl s pefpane Ohgft@gate
16, Fig. 17 and Fig. 18 to be described later, 1Is
beungt eXeguard. fTame toamafei mgnitb?@7 cofit aotopventhonal
301 outputs information

circuit.

The packet forwarding unit 20 has a mechanism to
receive the IEEE802.3 Ethernet frame 60 of Fig. 2, the
IEEE802.3 VLANT Tagged Ethernet frame 61 of Fig. 3, the .
Ethernet frame with a forwarding tag of Fig. 5 and the
learning frame 63 of Fig. 6 as input frame 101 and to
transfer as output frame 102 to the MAC 11, the MAC 12,
the MAC 13 and the MAC 14 to be connected to the I/F (1),
the I/F (2), the I/F (3) and the I/F (4).

In the CPU 30, network control program 304 and
equipment control program 305 which are programs for
network control and equipment control are executed, and‘
forwarding table control program 301, which performs
frame sending processing and manipulates information in
the forwarding table memory of Fig. 16, Fig. 17 and Fig.

18 to be described later, is being executed. The

forwarding table control program 301 outputs information
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-36 required for network control to table wite
information 3012 and table wite address 3011 to
forwarding table 204 according to instructions of
| ear ni ng managenment program 3€2° or spanning tree
control program 303 which 5 simlarly runs on the CPU
30 so to control the transm ssion and reception of
information required for- the network control. The
main menory 40 stores the individual prograns
ex&eguédesh fowe nepWosE shawroln thi ¢able awd teednfprr@tion
duplicate information 3013 shown in Fig. 23. The
neﬁﬁ#ﬁ angl itakde Mﬁﬂ&ﬁn&@ﬂ§ﬁsgoﬁﬁlﬂa§0fé@ﬁwaﬁéémsstable
Ly tag forwarding table nenory 70131, broadcast
& RERBEPLTG1 3D, 1%ﬁérP6Fw8P§|ﬁ§ ﬂgﬁFélnﬁeﬁﬁpﬁg?ﬂfgﬁ

d_TAG ad t . table 70134. 15 The
?2Pﬁasaﬁﬁgquﬁﬁg”ﬁﬁﬁﬁﬁgﬁgofg%ehEgnarp bPEOST AR nueich

205 1 IERERAY, REBRG oy sheC cbl b 5" R Shat RS Ke kR, "0
Th%rﬁﬁﬁﬁgg? én2§§§e£§§§EE¥8ﬁgé§tﬁgﬁéfﬁgﬁggé?r?géﬁged for

negggynggﬁgr§hewﬁthlFlg 15, created on the main
menory 40. The MAC forwarding table nenory 70133 has a

table, whrg8 MasnthEmSAPE4GOEERES BRet VRIMM dual programs
forwarding table 25 nenory 2043 shown in Fig. 15,

cresbedted bhethei QPUEBOr ¥héWn Ehorigl ps anfl sekory
di agram showing in detail a
duplicate information 3013 shown in Fig. 23.

The memory duplicate information 3013 has four
tables, namely tag forwarding table memory 70131,
broadcast table memory 70132, MAC forwarding table
memory 70133 and TAG address management table 70134.

The tag forwarding table memory 70131 has a table,
which has the same contents as the tag forwarding table
memory 2041 shown in Fig. 15, created on the main memory
40,

The broadcast table memory 70132 has a table,
which has the same contents as the broadcast table
memory 2041 shown in Fig. 15, created on the main memory .
40.

The MAC forwarding table memory 70133 has a table,
which has the same contents as the MAC forwarding table
memory 2043 shown in Fig. 15, created on the main memory
40.

Fig. 11 is a block diagram showing in detail a
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_37_ configuration of the frame analyzer 201 shown in

Fig. 10. The frame analyzer 201 of Fig. 11 has
functions to analyze the frane_of input franme 101 and
to send table search key infoffhation 20131 for
determning a 5 transfer path, frame header

i nformati on 20141 and a control franme to the CPU 30.
Frame type judgnent unit 2011 judges a frane type of
the input frame 101 and an input port type

Speerfigyakegiont 0+fst}ladééamma@almzeﬁrhaoﬂlzsaewa $n1gig. 10.
Et hernet frame 60, the | EEE802. 3 VLAN Tagged Et her net
frame 61, The EraBenanalyafs %Pihoﬁ FéQMB?HIh@stﬁgnghﬂons
.the leatning 63 | the fr The i nput

poi-f aP?E@ s Pﬁd Eamsce r dPRYEt réﬂe ﬁﬂétaBGrFonﬁﬁBQr
on_t hasi s an a rt term ned
CroRPTe SRAFERekeTCHREPERaEiOnr ARLd0st0r SPEerRinaRg o
in n i.n I lLn

por £ RELE gatl "BELNE nbaGeL "PHERRRE 1p, 20 HE 2PY 2

se55n£90§e ESHe ggyﬁﬂgcg?ﬁog ounit 2013 and frane

header ana yzer the input frame 101 is

sent to therspatfph éﬁ&fﬁﬁftvﬁoyfliu&EQQ angh-1he type

frame header analyzer 2014. The frame header anal yzer

2048 tnérpapetf Foake b@ﬁdﬁﬁdlﬂﬁoiﬂpﬁtoﬁoﬁﬁdtyyéges a
destination MAC address and a tag type from

i nfpechficalbp, t be ispiiddedanshiOl ofinghé herpEsiged3
informati on sent fromfrane type judgnment 25 unit
11Bthadheeteframat 60n Wi EREES62 . B sVI.AK gRalgyddt Diehernet

is an ordinarg MAC address, a MAC address for the
frame 61, the Ethernet frame with a forwarding tag and

.the learning frame 63 is the frame type. The input port
type is judged according to an input port number on the
basis 6f an attribute of the port determined from
equipment control progfam 305 of Fig. 23 and information
on whether the input port is an uplink port or a
downlink port. The judged information is sent to search
key decision unit 2013 and frame header analyzer 2014.
And, the input frame 101 is sent to the coﬁtrol frame
receive unit 2012 and the frame header analyzer 2014.

The frame header analyzer 2014 extracts frame
header information and judges a destination MAC address
and a tag type from information on the input frame 101
and the judged information sent from frame type judgment
unit 111.

The destination MAC address is judged whether it

is an ordinary MAC address, a MAC address for the
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 det-8 HABsta9 RBG.1 B Perwerdingr

_3g_ network control frame or a MAC address for

learning franme identification. The tag type is judged

whether it is VLAN tag 606, a forwarding tag (own

node destination, another nod®® destination) or a

broadcast tag. Such 5 judgnent information is sent to

the search key decision wunit 2013. And, frane's input

port information, destination MAC address 601, source

MAC address 602, VLAN tag 606, tag 620 and Et hernet

at netyors consredt fyame60® extAgcaddresentonelénaning

are output as the frame 10 header information 20141, i

andrpapl ddentofiratignputThe tagptlpre risreiyligedarhether it

i nformation 20111. The search kex deci sion unit 2013
f4ble"BeBPERn fPgRination,

R R 9%25“51583{1%@5%2%%’@ sdieh

. L udi ' 011 .
hedReREnt) 0B uRE ol TRE"Bhpe, Ror B0 Ao R ob e Pfiaion
[ 3 Lnf | 0131.
DT e S R AT e T

t r a8t ehake¥n AMAE €558F 28 B@% t heo GRLL WIgR L88r 602,

destination address 1s for the network contro rane

orvian the 666)ntag £2@Endi BeRbihbeahtOPiBRbe NPhESHRStion
control franme receive unit 2012 of the CPU

de603 naxtoacteansiat thantramoratdeobtpet ned tHaErre
with a forwarding tag 25 (where an address of a node

t chevndeh infieshanbon 020141 eahd i pagboadcé @t s dileput as
like is stored) addressed to another node, key
i niepwat forme epay load ol mbeioat Somr2@111.

The search key decision unit 2013 determines a
key to be used for table search from information on
frame types, input port types, destination MAC address
types and tag types sent from the frame type judgment
unit 2011 and the frame header analyzer 2014.

The determined key information is output as the
table search key information 20131. The search'kej
determination method determines a transfer key addressed
to the CPU when the MAC destination address is‘for the
network control frame or for the learning frame
identification and notifies control frame receive unit
2012 of the CPU destination transfer frame.

For the Ethernet frame 62 with a forwarding tag
(where an address of a node to which a destination

client is connected or the like is stored) addressed to

another node, key information (e.g. information stored
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~39. in the tag 620 or the like) for searching a tag
forwardi ng tabl e and a broadcast forwarding table is
output, and for the Ethernet frane 62 with a
forwarding. tag addressed to oWwn node, the | EEE802. 3
Et hernet frame 5 60 and the | EE. EB02. 3 VLAN Tagged
Et hernet frane 61, key information (in a case of the
frames 60 and 62, information stored in the
destination MAC address 601 and in a case of the
f r aRetBe, taaf 62 RaPFrohhet dike)i Aorheearehingadi bAIVAC
address 601 and the VLAN tag 606) for 10 searching a.
MAECFYRREL B nGabae| andna QrﬁﬁéﬁﬂﬁﬁsforVBFﬁhﬂaihabgﬁb¥%
er frane is

PR, b Ao EEEEBRLEE B b TFolSanaine
' it 20 t ' t

SO LR AL i Rbbe? 0P HHOMAG, 1S LB, e ame

2049 §qCEb, SEBERDR:ACDL A RRLELATFENE AIZH el ey

of i nEBEmhERER! pﬂnfal gesa%rgﬁﬁésff&new@%ﬁ&%z uni t

202 shown 1 n Fig. earni ng frame

t r BREHTHRSE OOn "BESBEAENE et deLOZn i bth Mad Zadidress 601
provided with MAC SA tabl e cache 2025 which nmanages a

| eandi g &reaPe SENUENG £LAHESE] | OimBdEmatIen Se¥®rdd aie the
not to frequently make a | earning operation request to
t hde PLh8bicw MAC taddeass 260 h 25 fiine t VAN of ad 066 ) Nfpr
a processing load of the CPU. And, this |earning
f reeerehime i MAONforwagdimgttaimlie D02 a dpevadesst o
check a frame requiring a |l earning operation
forwarding table is output.

When a CPU destination transfer frame is
instructed from the search key decision unit, the
control frame receive unit 2012 outputs the input frame
101 input from the frame type judgment unit 2011 as CPU
destination transfer frame 20121.

Fig. 12 is a block diagram showing in detail a
configuration of the learning frame transmission
management unit 202 shown in Fig. 10.

The learning frame transmission management unit
202 of Fig. 12 is provided with MAC SA table cache 2025
which manages a learning frame sending request to make
the same frame not to freqﬁently make a learning
operation request to the CPU 30 so as to realize a
function of lowering a processing load of the CPU. And,

this learning frame transmission management unit 202

operates to check a frame requiring a learning operation




E

10

15

20

25

-40 and to request the CPU to send the |earning frane.
Learni ng franme managenent unit 2021 receives the frane
header information 20141 fromthe frame -anal yzer 201
to check a source MAC address &hd nakes a | earning 5
frame sending request. An operation therefor becones
as follows. After the MAC source address of the frane
header information is checked, the MAC SA table cache
2025 is read to check whether the sane MAC source
add@sh &9 Fepyegt dhed AU ot semiervhe flegyadiag Sueme.
entry, learning, frame transm ssion request 20231 is
out put t og&PREPIRPL AXaPRe MAPAFEIRBAJBPLENEOPEESR1iVes the

s RN g S

cache 1

If th
destlna SA ta%%%e??uﬁgg Oz%gﬁFéﬁége san% an&eanlng .
e |orov.eé“’(‘?%"*‘r "RRRuRRLR" Mg a5 %52’%‘%%% B as

SAfballbgscache 2025 according to a request 20 from
agi ng request acceptance unit 2022. Fig. 13 is a block

di agram shawtag thedghe lsoarceoaaagaéat b.@ntﬁé fbsmé/ﬁﬁeader
SA tabl e cache 2025 shown in Fig. 12. The MAC

t abh€oemalteon028 BAscReBYnNehieOMALOSA2BaBLES @a@h&fA@OZS is
source address of the frame and hol ds MAC source

addeads tontherit whethért Bher eamevRACS sanecasaddhens is

Fig. 13. when a new franme is received, the MAC
entered or not. Then, if there is no entry, learning
frame transmission request 20231 is output together with
the frame header information 20141 to transmission
request unit 2023. At the same time, the MAC source
address information is entered the MAC SA table cache
2025. If the same MAC destination address has been
entered at the time of checking, no transmission request
is output.

There is also provided a function of clearing to
zero the MAC SA table cache 2025 according to a request
from aging request acceptance unit 2022,

FPig. 13 is a block diagram showing in detail a
configuration of the MAC SA table cache 2025 shown in
Fig. 12.

The MAC SA table cache 2025 has a function to
store a MAC source address of the frame and holds MAC

source address information of the received frame as

shown in Fig. 13. When a new frame is received, the MAC
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Upon ~ recervin

41 source address of its frame is stored as MAC SA

information in this MAC SA table cache 2025. If there

is the same information at th time of the second
reception, the MAC source addr%ss is not stored in
the entry. 5 The transm ssion request unit 2023
requests the CPU 30 to send a |earning frane. Wen a
| earning frame sending request is made fromthe

R e i D
o) A L m::agg these 1s
S S SO R B, ST Yelecon

Aol 1ARCUSH AC CARARCE (Wb 2020 LRNRS the! Btry .

| earning franme 15 nanagenent un

entries OfThEetyaﬁé§fssEBH|?e&ﬁ@ge 393? 2bh8- réﬁué%t@ the

bl ock di agram showi ng i n detail configuratio

t heptaBbe taeaeal unubazaanghewambn Fifen 18- 1e2PniH§ frame
tabl e search unit 203 of Fig. 14 has a function to

desendiing aeynessfds dedei fabmoghef 1eBenihgafeadad i s
conpri sed of table managenent unit 2031 and
i nfrenagementconpar 26@h,ubhe 2832nifbefrahketmanagtésehon
unit 2031 Eerforns a table 25 search of forwarding
t appgueet £82ddaishoutprhintbemakdeshen@Podlaesecdtagthe
to_the table search key information 20131.

learning frame sendinhg processing.

The aging request acceptance unit 2022 receives
learning aging request 3021 from the CPU 30. Upon
receiving the learning aging request 3021, the aging
request acceptance unit 2022 requests the learning frame
management unit 2021 to clear all entries of the MAC SA
table cache 2025.

Fig. 14 is a block diagram showing in detail a
configuration of the table search unit 203 shown in Figq.
10.

The table search unit 203 of Fig. 14 has a
function to determine a transfer destination of the
frame and is comprised of table management unit 2031 and
information comparison unit 2032.

The table management unit 2031 performs a table
search of forwarding table 204 to search a transfer

destination according to the table search key

information 20131.
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-42 The frame header information 20141 is output from
the table search unit 203 to the frame rewite unit
205 for rewiting the frane hg@Qer. The tabl e search
unit 203 inputs search 5 instruttions fromthe table
search key information 20131 (e.g. the contents
recited in the VLAN ID tag information 6202 or the
like) to the tag forwarding table nenory 2041, MAC
forwarding table menory 2043 and broadcast forwarding
t abl e menofpe2daamenheadest dngprmanion @9 1gludisl output from .

A GRS S -y B e Wi e g e tesamit 205
Forbidr APAE L AR EUNEPIRBRAORS t abl eobr ordeast

i vi dunl T2 FER1E° sBaERB hiE ' 205 aBBLER. heFzgn

04BE RePLoRR RO SRET cHbLE, abdTchRG, (RBLARIBR 20101

i nfar.gat ikpa &B%@h@t%o'%ek':@.itbdzgﬁzth@n%me&D¥Eagd°es
not agree, mshit information Is recelved. The sane

t abth€ormaseancBed2f o dhbfeigat addepasesguibilatbBehe

is 20 a hit, or search instructions to thé next order

of tapleometmprar 204i1yeMACOfbbRataingr dablet ABBr302043 and
Wien there is a hit while referring to the MAC

f obwaadcagt fablverdéngr yabhie mehoryaRdadn.20&iéh i tnformation
out put and stored in the entry of MAC-Tag entry
mafBgekenali aearaht keys25swhepubn eearght ypstischidéns to

* Tag.or in the entry of MAC- Port entry nanagenent

i niBeiRidBalwhahlefeasat PytPypeas stabbhe re@dr address 20311

the hjt MAC forwarding table nmenor
to Lhe forwarg?ng tgble 204 in o%der of tag forwarding

table>MAC forwarding table>broadcast forwarding table.

As a result of searching the individual tables,
when the table search key information 20131 agrees with
the table information 20451, hit information is received
from the information comparison unit 2032, and when it
does not agree, mishit information is received. The same
table is searched for different addresses until there is
a hit, or searqh instructions to the next order of
priority are given to the forwarding table 204. When.
there is a bhit while referring to the MAC forwarding
table, entry hit information 20312 is output and stored
in the entry of MAC-Tag entry management information
when an entry type is MAC—Tag or in the entry of MAC-
Port entry management information when the entry type is

MAC > Port with the hit MAC forwarding table memory
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-43 address as a nenory address with respect to the
agi ng nmanagenent table 2044 of Fig 19 through table
menory read control circuit 2 In addition, in the
present enbodi ment, since an %dress space of the
14AC forwarding 5 table and that of the aging
managenent table are correlated with each other, such
processi ng as descri bed above realizes wite to the

[ Fqor conparing the tabl e search

KORFHESEmAT off BOMIT aAQIFRES! It FrePaat: bo Aiasing
A i S BP0 ek 81 e
A By e
'nta% %h@ﬂt@zg%n%enfagig% r%tnsl > S |en ngﬁl Mgedar:'ce)rwardlng

a node to

co ed e d [ e
fo?&gggi ngn\ﬂjt"aglﬁé‘éwrre% y%ﬁl%ﬁ%&destl nat i on MAE?ble are

addbese160édand tht RRCH- ANHAY GRRNNSHSE A Nds t B8scribed
MAC forwarding table nenory 2043, and the VL N IEV tag

i nhbowat real 5282 epdtet 86 YhéNagyDng§Ohdnubencaeatspiay

t he broadcast forwarding 20 table menory 2042. Only in

a case of Bor EdompeetingR)thér amblel t deardr waydi hgf déA@ation
directed to the node in question, an instruction is

gi ¥@h31 oande tihef orainté obnfoonphiosod0dhilt cBAd23dnkd from the
output tag deletion. as the tag control information
20§272W612@1frﬁe tiakrler @4 onthenp@tilsonseareh2¢®y information

5 result of the search of the forwarding
bl 1o goﬁ%(}ﬂ?ﬁé‘c tta’b|télenﬂw§g>éﬁ*émlqshuq0m1w(qmelnlt 2032.

ta &Ebﬁgf%ﬂpaLhe égkle search key information 20131 are
VLAN ID/tag information 6202 (information such as a node
address of a node to which a destination client is
connected) when conducting search of the tag forwarding
table memory 2041, the destination MAC address 601 and
the VLAN tag 606 when searching the MAC forwarding table
memory 2043, and the VLAN ID/tag information 6202 and
the VLAN ID 6064 when searching the broadcast.forwarding
table memory 2042. Only in a case of an Ethernet (R)
frame with a forwarding tag directed to the node in
question, an instruction is given to the informatiqn
comparison unit 2032 to output tag deletion as the tag
control information 20322.
The information comparison unit 2032 compares a
result of the search of the forwarding table 204 by the

table management unit 2031 (the table information 20451)
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.44 and the table search key information 20131 to be
searched and when they agree with each ot her,
deternmines an output port ba§¥€_on t he out put ~ port
information stored in the ent of the table. As
described in the 5 foregoing, according to a table to
be searched, received fromthe table managenent unit
2031 is information such as input port information of
a frame, and the VLAN ID/tag information 6202, the

de&PfnafiBn MAG1S1deaEBo1 Kathd 1PN Qg 493 by to  be
VLAN | D. 6064 (t abl h k 10, i,nf ti . ' . '
rBReRoSio hott 3D AEHE e bl AR P b eomines
f b dj t de_it t f [ ]
o ghahb e 8 AR BROSLAS SIS Mycornation
LRAf I 1 h bl h .
koy =Brpl, THNALDGHEEY o (HUTPEISIENT B8 s IBs in the
acegrdyBInkQ ackyvraifh ¢8ch tafe gg;f Bt DU LSS, { Alceived

i nformati on 20323 and“the tag cont I nformati on

20828m! @hlehe: dy R EndyddhéntiNhhivhegstha d nfrdm@id0bn such
agree with each other and further output the output

poas 1impot maidre) dnhdbethatiohhecentay ffaridle laaldl etRe vIAN
the 20 output port information 20321. To output the
ouIpdtagoinfonmatiehi 6802032he idestinatdmmand vaddress 601
the input port information, and if they are the sane
poandi ther VAN Ntaq hedoupputVIFd tID | AP64ditiabldei sesaich key
output in order to prevent the frame 25 from I oopi ng,
antnfeematian) v s whitar dégomThéhepefpuwardisent drbsle 204,
when each table is referred are described bel ow,

OpEFSRTBRAat St (e ¥eklof Of eft@itlienread t ABSERYCtion made to
the forwarding table 204 by the table management unit

2031 as the table information 20451 to compare the table
search key information 20131 and the table information
20451 according to a type of each table and output the
tag information 20323 and the tag control information
20322 to the frame rewrite unit when the information
agree with each other and further output the output port
information stored in the entry of the table as the
output port information 20321.

To output the output port information 20321, it
is compared with the input port information, and if they
are the same port information, the output port
information is not output in order to prevent the frame
from looping, and the frame is discarded. The operation.
contents when each table is referred are described below.

Operation at the time of referring to the tag




10

15

20

25

-45 forwarding table nenory 2041 is as follows. Since
menory addresses (OxOO00 - Ox1000 of the tag
forwarding table nmenory 2041_2 e correlated with the
values of the VLAN ID/'tag informati on 6202, that is,
since the VLAN ID'tag 5 information 6202 is a nenory
address to be referred to, no information conparison
is required. Therefore, the output port infornmation
information of the tag

and. the fault-ti out put port [
fOSVEF%ﬂﬁ{}qﬂamaéﬂﬁbHEPVrZOZf4@3&@ a8 §ollpysexi §ingg memory
at ddress ry) i.ndi cated a 10 vgl ue stqred
iﬁ%@%ﬁﬂ&m@#ﬂﬂ@%n2@%@%%@#&%&““
ou Iyt Al N, [ 1. .\Wen. conparing_th

ta %g&g aﬁ?ﬁ1k€§%r%?%%%%%%§§ pAy) tgﬁdvgﬂgestgﬁlgge VLAN

I Nty i « Ao f y fai.l tQ agree _wi

ot oy 2, ARreafiakiohy ep0ay KRak 13.CH188e"bY, RERN Py rag
15 ipgoaaareth ¥iok 2034 mdReRy' GhAres89+hoLbNEeMBbred to,
forwarding table nenory 20437 retrieval header

| nher Hafbemaits oa0EPAbAY i¥bhh i ¥ACeqlesbinat il SEHFESSthe
and destination's first stage TAG information on the

t abhepant pprof infierih€ibar anadineg 28ul abtemaesttpuOfdrt

of Fig. 16, and if they agree, output port

i nfoformabhonndff ahet tagt forwasdingntabhatmenory 2041 (see
described in the table entry are output to output port

i nFégralvdnezdskingt ay anfadduessn(eston) pibdicateéd by a
tag _information 20323, and tag control information is
outpite. 95058dt ha thg YoMl BP/tagoinforbat 2026202 fis

they did not _agree, entry mishit information is
ou?ﬁEPUFot?hEh?a%FEPuham%5En%ﬂfoamathnsaﬁ321- When

comparing the table search key information 20131 and the

table information 20451, if they fail to agree with each
other, entry mishit information is output to the table
management unit 2031.

When referring to the MAC forwarding table memory
2043, retrieval header information is compared with MAC
destination address and destination's first stage TAG
information on the table entry of the MAC forwarding
table memory 2043 of Fig. 16, and if they agree, output
port information and fault output port information
described in the table entry are output to output port
information 20321, tag information is output as the tag
information 20323, and tag control information is output
as the tag control information 20322. If they did not
agree, entry mishit information is output to the table

management unit 2031.




-46 \Wen referring to the broadcast forwarding table
menory. 2042, operation is executed as follows. Since
menory addresses (OxOOOO - OxIL.OOO) of the broadcast
forwardi ng table nenory 2042 aré correlated with the 5
val ues of the VLAN ID/tag information 6202 or the VLAN
I D 6064, that is, since the table search key

i nformati on 20131 is a nenory address to be referred
to by the V%?N A i nformati on 6202 or the VLAN ID

6064, it i ¥ %@56 F PO &h@oﬁgé’naé@ﬁ@ i%ﬁf&@ﬁ@ntable
Lé’%“t??‘?‘( Wit peg%ﬁ%%%%%ﬁ RSO Ao tf g e ¥“ fhnce
| ey Uy o0 5, 00, B e, PPl

po&%fdﬁ?@fﬂg'ﬂ%@leOET%E%gbﬁ%QQC%%LUc%%@%} t@% %%Qlethe

menory 2042 “of are o t as outp

PORa 10 HFatHN V%Q%Z ¥p/thag iR0Enat i8R %Bb&y o%t th%e VIAN

ref erence nmenory address estination, entry m sh

| nfror BBboN thatoukpUkihee! hBe taBhe SBAZERMRAL Eﬂfbrmatlon
2031. Fig. 15 is a block diagramshowing in deta

2020481Mi der at menoef thdrkeswabndbag rbabh:eeaoﬂostaywhbnvz.m
Fig. 10. 25 Information for transferring the frame is
st dPéttagadnfabmetinhobBaRi or ihet MBAROIDAGdEAY tablie not
204 of Fig. 15. The table nenory read control circuit
20hecpegasy &ot apmpagddibesinfobmatéad.f rbm ihecheditad

Se%kgghggiéort numbers not registered as plural output
port information do not agree with input port |
information, and if they agree, the frame is discarded,
and if they do not agree, plural output port information
of the broadcast forwarding table memory 2042 of Fig. 18
are output as the output port information 20321. If
there is no entry at the reference memory address
destination, entry mishit information is output to the
table management unit 2031.

Fig. 15 is a block diagram showing in detail a
configuration of the forwarding table 204 shown in Fig.
10.

Information for transferring the frame is stored
as table information in the forwarding table 204 of Fig.
15.

The table memory read control circuit 2046 reads
a table address to be read from the table search unit

203 and outputs the result. The reading process of each
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203 and outputs the result. The readi ng process of
each 47 table is nmade as follows. (1) At the tine of
reading into the tag forwarding table nmenory 2041 of
Fig. 17, the VLAN ID tag infb#ﬂhtion 6202 is received
as a table read address, 5 the sanme nenory address as
that information is referred, and output port
information and fault-tinme output port informtion
whi ch are entered there are output to nenory.

i nfr@bgt iienmedepds Eiodd@ws.2. 045. (2) At the tine of
readi ng |nt? the MAC 1Q forwarding table nenoré 2043
of Fig. 16f(1affEr thReting ef F@ﬁélﬁﬂdﬁé§§ ther Eagi ved,

dd d dd th
ot O RERADEEAE ZbE@B%a4§%§ﬁane%E%ypﬁa "$58) ¥iAl 1 tag

_ref ?ﬁatﬁﬁg R 2§ 8oL NFBr Al FoRoPaSarEarc PERFBAS

3%& bgmkmﬂeﬁgkgogﬁd§%§sn?% %ﬂﬁglFggaéggF%égnﬁggﬁggg¥red,

ress 1s use access

WEEBHYOaQﬂﬁt bettQﬁkgrhﬁggﬁﬁahhﬁnféﬁlﬁe@gmeaagtpﬁgeport

table entry information 1s output

i nfaFaRinheNoAUWRIENChEEURHtEPEa. thér@obfetaﬁt%ﬁﬁ to memory.
entries 20 are invalid, the MAC forwarding table

metnEpriafdBohsoatputr eiecned, 2009, t he absence of entry
is output as the entry hit information 20312. (3) At

the tinme of2) exdi tige i time tdf beadilvpsintd otvaraqg

table nmenmory 2042 of Fig. 18, the VLANID tag 25

|nf@tﬁﬁrdbhgGQ@blermenerllnﬂBDDBOBﬂgLslGecefﬂeﬂ tise abable

tabl e read address, the same nenory address as that
read address is recelved, its address is determlned as a
memory address, the aging management table 2044 shown in
Fig. 19 is referred, and MAC-Tag entry management
information and MAC-Port entry management information
are referred. Then, if two entries are not invalid, the
same memory address is used to access the MAC fdrwarding
table memory 2043, the table information is read, and
the table entry information is output to the memory
information output circuit 2045. If both the two entries
are invalid, the MAC forwarding table memory 2043 is not
referred, and the absence of entry is output as the
entry hit information 20312.

(3) At the time of reading into the broadcast

forwarding table memory 2042 of Fig. 18, the VLAN ID tag
information 6202 or the VLAN ID 6064 is received as an

table read address, the same memory address as that

information is referred, the output port information and
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information is referred, the output port information
and ._48 the fault-tinme output port information which
are entered there are output g_the menory
information output circuit 2045. The nmenory

i nformati on output circuit 2045 5 outputs as the table
i nformati on 20451 the table entry information which
was read by the table nenory read control circuit

2046 tq t tabl e search unit ,203. Fig. 16 _i,s_a bl ock
di %‘Fﬁh%ﬂ%ﬁ@% S PoFt doFrrgatacnohdeh peevgatered

f orwar di t abl. e ry,2043 10 shown in.Fig. 15. The
VTR At SR BlE e slaory Ragimat iondontaint

enti .St o by the table configuration of Fig. 16
angﬁfgﬁﬁgegogg'store transfer destination information

of | EEE802 ts 3 Igggé 3. 3 A
Tagged EthgﬁﬁE%E ?gge%k$ﬁgﬁﬁgggPy a ggsgl%gﬁg% ?@45
ar bukpaty aadthesthbqesaﬁgo%ﬁae&bnaQ@QSQSthéDQ%B§§ Efery
agi ng managenent table 2044. According to this block
conhifpumation whichxagel eeali bhetReMAK1a0AEASEy 2BEE

is OxOOO0O to Ox7FFFF and can store a maxi mum of
8386mb60ol120iFonithe 0WMACtdeshenghble sddreRsuntibe2bpane
destination MAC address 601 is stored, and for the
destinati oRifird6 istageld®c dhdgramtshowingf bnndeétabl a
corresponding to the VLAN tag 606 of the frane is

st 6pefignsathenyofypbe MAGofoswargingpbablan@enday 2043
indjcating the entry having the 25 occurrence of the

t a§P898 LApBE¥rngdprocess and MAC->Port not i nvol vi ng

' occurrence o0 ta ocessing are
the fhe MAé fbrwgkéqng tablg memory 2043 has the

individual entries stored by the table configuratioh of
Fig. 16 and is used to store transfer destination
information of IEEE802.3 Ethernet frame and IEEES803.3
VLAN Tagged Ethernet frame. The memory address range is
arbitrary and has the same memory address range as the
aging management table 2044. According to this block
configuration, an example of the memory address range is
0x00000 to Ox7FFFF and can store a maximum of 8388706.
For the MAC destination address, the frame destination
MAC address 601 is stored, and for the destination first
stage TAG information, information corresponding to the
VLAN tag 606 of the frame is stored. As entry types, two
entry types, MAC—Tag indicating the entry having the
occurrence of the tag 620 imparting process and MAC—Port
not involving the occurrence of a tag processing are

managed. For output port information, a port number of a
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managed. For output port information, a port nunber of
a -49 transfer destination is stored, for a fault-tine
out put port nunber, an output port nunber at the tine
of occurrence of a fault is stored, for TAG contro
information, the presence or not of tag insertion 5
operation to the franme is stored, and for TAG
information, tag infornmation to be inserted at the
time of tag insertion is stored. Fig. 17 is a bl ock

di FFARFEEToRSTFinRtdorails Stagssh forad Saudt—tHae aytput

forwardi ng,table nempry 2041 10 shown in Fig. ,15. The
t ad ¥t \ﬁé‘?‘ﬁﬁeﬁg £l o8 PRI RUFLers Gitnddrep Fifen@thod

E?ic%%g?&%ﬁ%ﬁ"‘%fg %gfgéi%o Rsaraeng %%%‘gt ﬁ%%?y;mg
- (M1 e _structure
o) LitprhaS ket hakstalel 58 Rt 07 LA Zpakivibl

des, is i-af [ of; .f i Ngstha d anes.
T e o A e TR

MainFefmat 16896 t86t Ahedrakeion! @bCHe JR8PREAr ¥t the pime
address is managed so as to correlate wth a value o

thefVialy ©AB2rtfon out pubrpart 20 information, frame's
transfer destination port nunbers are stored, and for
faul t-ti meFogt pu¥ psré bbboknaiagnam phowingfonnaétadl a
to be transferred when the output port has a failure
i sconéigurarign 08 tbeatbfofkrwanding shbdengeiory 2041
detail a 25 configuration of the broadcast table
nefBPYR28R2F sHowhd - | Tl (taq SorMardirrundosste memory can be
formarding tabl e can be, forned .
formed Dy a method using the spanning tree protocol
recited in Literature 3.

The tag forwarding table memory 2041 stores the
individual entries by the table structure of Fig. 17 and
is used to store transfer destination informétion of
forwarding-tagged frames. The memory address'range is
0x0000 to 0x1000,_and a maximum of 4096 entries are
stored. The memory address is managed so as to correlate
with a value of the VLAN 6202. For output port
information, frame's transfer destination port numbers
are stored, and for fault-time output port information,
port information to be transferred when the output port
has a failure is stored.

Fig. 18 is a block diagram showing in detail a
configuration of the broadcast table memory 2042 shown

in Fig. 15. The broadcast forwarding table can be formed

by using a conventional existing spanning tree protocol.
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by using a conventional existing spanning tree
protocol. -50 The broadcast forwardi ng table nenory
2042 has the table configurat%@n of Fig. 18 to store
i ndividual entries and is used to store broadcast
transfer destination information of the
broadcast-tagged Ethernet. 5 franme, | EEE802.3

Et hernet frame and | EEEB03. 3 VLAN Tagged Et hernet

. N Ox 1l )
bnd 5 i Al BFOAgSasEnEPrRarains g?éd?ooosdmeinﬁry 2607 nas
bt dd [ ta. .
colhel Tk BRME R ARG BR Py AN PFCad CoRFo ARG P iuaL
) h 6 F I I t
 LBr82agscni VL RO TR oBliRaL eubRurepr
braageaﬁht&bﬁniﬁgbrgéﬁiﬁ Og%dtnélgroéachététgbggg Ethernet.

di agram show ng i n detai confirguration o

agifRremERNABERBOL . BakkAc2Rdd $hawB aha TREEBO3.35viaw
The' agi ng nmanagenent table 2044 has the configuration

of Tegged1B8therater €rhhe.i nthey/imbidr LrAddeSss aFdhdsS is

used to manage the entry access states of the MAC

f obmBPdlngot aklle0opmanyg A0A3ximdmt bE poe6eaneroesnate

of 20 the entries. The nenory address range is

ar 8toredy aknl advdktidre, stEre mammny atitresss rampmagped so as
MAC forwarding table nenory 2043. In the MAC TAG ]
entPycaBRagRRenvithnforvatye Mt dha MIANDICas sinfformation

th ntry that_an entrg type of MAC forwarding table
me 6@/ PE Whe EBANGIRNE004. | fiog My omhont magtence

or,not _of entry @éﬁ? tored, nd no hit, indicates an

unt® %r%%¥+99,tm POt cAypkers which may perform

broadcast transfer are stored.

Fig. 19 is a block diagram showing in detail a
configuration of the aging management table 2044 shown
in Fig. 15.

The aging management table 2044 has the
configuration of Fig. 19 to store the individual entries
and is used to manage the entry access states of the MAC
forwarding table memory 2043 and the presence or not of
the entries. The memory address range is arbitrary and
has the same memory address range as MAC forwarding
table memory 2043. In the MAC-TAG entry management
information, a state of access of the entry that an
entry type of MAC forwarding table memory is MAC—Tag and
information on the presence or not of entry are stored,
and no hit indicates an unused entry, the hit indicates

an entry used for transfer, the entry invalid indicates




10

15

20

25

an entry used for transfer, the entry invalid
indicates -51 that the entry is invalid, and the entry
protected indicates that the_eptry cannot be renoved.
Simlarly, in the MAC-Port entry nanagenent
information, a state of .access of the entry that an
entry type of MAC forwarding 5 table nenory is
MAC- - >Port and information on the presence or not of

Zgitr ta(ri:ggtfﬂmt&%’. Fg?lltr‘]]g( gqnt,;%bﬂugzht@ %47 er?ré:forms an

e . [ t f ol | . .
PR T RS Bty i crsapernis,
o ShORR 2R 2R iR IR e oo

fra@deis GVt HRYY thaGelaw Bat ﬁg&g%y%%tMAbh%orwaFding

aging control unit 2047 accesses gi hg nanagenen

t alpla®1204dmor92ds Malc—Poi-0f 2haRL hLOrRE: SHRI 661t SYesence
types, changeS the contents of entry to tthe no hit

whetr netobfakngty arst etegeas a hit, changes the
contents of entry to the entry invalid when

i nf or mat i oAgiiagstonedodsundth204angenbbiriseani &§ing
menory address to the CPU 30. 20 Table nenory wite
coppreshtipnclior 2048eopeyabéstheoayingembhagemeny tabbe
each table. Wien a nenory address of any of the MAC

f oPR4fdi nBhe adingerReyaben s fakléws warldifeymadiion on
2041 and the broadcast table nenory 2042 is input

f reﬁPiASPglm pé agdprgssoswhichapn ensrystymsl efwWMAEPPort

i nfor iopn 3012 is witten as table entry into, the
neﬂﬁr@g aaﬂ%%sgnd also an aging request are received as

MAC/TAG aging control 3022 from the CPU 30. Upon
receiving the request, the aging control unit 2047
accesses the aging management table 2044, reads all
information on subject entry types, changes the contents
of entry to the no hit when information is stored as a
hit, changes the contents of entry to the entry invalid
when information is stored as no hit and notifies its
memory address to the CPU 30. |

Table memory write control circuit 2048 operates
to write the entry into each table. When a memory
address of any of the MAC forwarding table memory 2043,
tag forwarding table 2041 and the broadcast table memory
2042 is input from table write address 3011, and the
table write information 3012 is written as table entry
into the memory address.

Fig. 20 is a block diagram showing in detail a
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Fig. 20 is a block diagram showi ng in detail a .52
configuration of the frame rewite unit 205 shown in-
Fig. 10. The frame rewite unjd, 205 of Fig. 20

operates to rewite the header contents of the frane.

5 Frame header buffer 2054 is used as a buffer for
storage and rewite of the header information of the
franme. Information of the frame header information

20141 ..i s_input t e f.rane header buffer_2054, tag, .
SR EigRTaEaoh, SFckitetrAB FRICEFaNInIBad0s FhoWAGR Fig-
bylbag 10 insertion unit 2052 or tag renove unit 20583,
then"the rewitten frame header is output as frane

(b Vag | TARETFEARE, A0pfielin Doats | 25 P PR 0BR Yos <o
20pdwritameheRadQtri BEREGREE 08 1¢he! BroMbpUt as it s

as the frame 15 header 1 nformation 20541. Tag contro

unit 2051 epihé chSadde HsSEst i PO ANLs (L€EBVEs 04 Blb€fer for
tag with respect to the header of the frane. For a

f raperahechndeederheader tRe hé&d4eFOLARE61MGtiohagf the
operation information is received as the tag control

20fr arher meknform0liReh, oo Hea df ranfeo rmetdeon inefoasisdariyon 20141
for processing of the tag is received as the tag

i ni®rpepubnto20Be3ffamen héadenbbef Senr 2054ni tag(iBnsertion
Wen the tag control information 20322 is tag

i N5@reT orerese r feemoke frame theader ol vramadm DY3vagi s
output to the tag insertion 25 unit 2052 to insert the

t a9 bl PR PRRE 29823 9% 3R TeRAYR Webble?05Imchen the

tﬁgeéﬁfPXSn' Eé&gcﬁééﬁgg fggoutput as frame header
-information 20541. If there is no operation by the tag
insertion unit 2052 or the tag remove unit 2053, frame
header information 141 is output as it is as the frame
header information 20541.

Tag control unit 2051 controls the insertion and
remove of the tag with respect to the header of the
frame. For a frame which needs header rewrite processing,
tag operation information is received as the tag control
information 20322, and tag information necessary for
processing of the tag is received as the tag information
20323 from the table search unit 203. When the tag
control information 20322 is tag insertion instructions,
the tag information 20323 is output to the tag insertion
unit 2052 to insert the tag information 20323 to the
frame header. When it is tag remove instructions, the

tag remove instructions are output to the tag remove




tag renove instructions are output to the tag renove
-53 unit 2053 to renpve the tag information of the
frame header. The tag insertioggunit 2052 inserts the
tag to the header of the frame. After receiving the
tag 5 information 20323 fromthe tag control unit
2051, the tag insertion unit 2052 operates to insert
the tag to the frane header information 20141 which

is_st.Qr the fra header .b ffer 2054.

g Bse" 505 omekBlERY FeS, agtPrOneins ofo headerme
of 1 %rane. After receiving tag renove 15
instructi'ons fromthe tag control unit 2051, the tag

remove U”'&hé0@%3°Pﬁ£é&€§%%luﬁfﬂvfﬁs%hfﬁégﬁtéreﬂﬁéggg to

frane header infornmation tore

he@ﬁérheaﬁéero%oﬁﬂe Erme?]l AStér DFOCK: P4 AT Sty ng
in detail configuration of the frame aggregate unit

20@n$b@tﬂ&th.6n B0g2316romhenér 8AE aegtesadt €nibi 20206 ehe
Fig. 21 conbines the rewitten frane header and franme

paybgadnsetetont unht 205R0cpeeabésgubeinsepyt puéabhg to
frame. The rewitten frane header information is

st bhedframei hpadefr antohmateoni 20 b4 hrewhbohcbst sbbred in
buf fer 2062. Wen the frane header information 20541

i sthecérawdg, haader ghef fiendePS54nf or mati on accept abl e

state is notified to 25 frane assenbly unit 2064.
The tag remove unit 2053 removes the tag from the

- header of the frame. After receiving tag remove
instructions from the tag control unit 2051, the tag
remove unit 2053 operates to remove the tag from the

. frame header information 20141 stored in the frame
header buffer 2054. |

Fig. 21 is a block diagram showing in detail a
configuration of the frame aggregate unit 206 shown in
Fig. 10.

The frame aggregate unit 206 of Fig. 21 combines
the rewritten frame header and frame payload information
to reconfigure an outputable frame.

The rewritten frame header information is stored
in input frame header information control buffer 2062.
When the frame header information 20541 is received, a
frame header information acceptable state is notified to
frame assembly unit 2064.

Frame payload information is stored in input

frame payload information control buffer 2063. After the
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Frame payload information is stored in input frane
payl oad i nformati on control buffer 2063. After the -54
i nput frane payl oad informatiof, 20111 is received, a
frame payl oad information acceptable state is notified
to the frane assenbly unit 2064. The frane assenbly
unit 2064 assenbles the franme 5 header information
and the payload information. After receiving the

i nf.or tlon acce tice,fro 2 ut frane
R R R Ao L YESIL “erit i

f

o qame" kagifal P%ﬁkgﬁéﬁ?ﬁgﬁ%ﬁ RaBLpcoEraPesrs bRE fiea
re@g Egg %QﬁebHEESﬁbl nE626 ame header and the

payl oa ornmation ar |ne and out put as out put

frame inf %H@tfﬁaméoéééemﬁg ug?t | $064 PhOskni 89" @ frame

showing in detail a configuration of the frane

trapabier §AEbrRAQ¥isHOMAdI Bhelpafifad1dnfdhRation® After
transfer unit 207 of Fig. 22 transfers the frane

aceerdingnyothbdeinBbpibhtpont acoéptanté onotFe@nerom the
transfer managenent unit 2072 transfers the frane to

t héngeti fnanedheadent ipbormavhen ¢detool potflerppd62 and

i nformati on 20321 is received fromthe table search
unthe2dgput hErsmenpayloaddinfioonapienfcamerolfheff 073063,
is output as output frame 102 to the port of its
outpathepder imfpepatientand thewpayiordelntematipen tare
nunber, _indi cates dressing to the CPU, the frane is

ouFPRE EEOB5the OEEtPHestRAathenf Fame sheadenand the

payload information are combined and output as output
frame information 20641.

Fig. 22 is a block diagram showing in detail a
configuration of the frame transfer unit 207 shown in
Fig. 10.

The frame transfer unit 207 of Fig. 22 transfers
the frame according to the output port information.

Frame transfer manégemént unit 2072 transfers the
frame to the designated output port. When the output
port information 20321 is received from the table search
unit 203, the frame stored in output frame buffer 2073
is output as output frame 102 to the port of its output
port number. At this time, if the output port number
indicates addressing to the CPU, the frame is output as
the CPU destination transfer 20121.

And, after receiving CPU transfer frame

information 3041 and CPU transfer frame output port
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And, after receiving CPU transfer frane information
3041 and CPU transfer frane output port -55
i nformati on 3042, which are us%g if there is a frame
transm ssion request fromthe U, from CPU transfer
frame control unit 2071, the CPU transfer frane
informati on 3041 is output as the output frame 102 to
5 the designated port nunber. The output frame
|nfornat|on 20641 assenbl ed by the franme aggregate
unlltn toggatdony 3044 /i Whikd @aﬁp@ﬁedr d&nthegef ap apfzame
as the out put

he buff
nfﬁ'fé%%;}n%tnlhg‘etﬂflgﬁgutféﬁ% Rebagerem CHHotgprprer

h t
?8?%99é3305pgﬁﬁiﬁ§352305 BoCPRf GFARPFSR 4EeRFed 1o

SoAPEORRRHERATR R 1% F?ﬂ“ RokEP, o BB o REREHT ah g0

thgthgeggghaggafFbrgr?gﬁbggtput port information 3042

and gives “frame trans Instructions to the frane

“transfer pREageEBAL HPhhe20dPorfhfioR32664R RLQ led by

di agram showmi ng a configuration of processing to
reghezedahy aghtwghte dAitn2pheiSPEtgPeghontha Ehaput

10. The network control program 304 perforns the
f oframenbuffeee20pad; adndnghe(frane [RCEh&#ebufféPUis output
destination transfer frame which is sent by the
coasrbhef puhputeframe UOHZ2tbPOLRe afidam@Stransférrmahhgement
frame to the equi pnent control program 305,

unit 2072

The CPU transfer frame control unit 2071 receives
from the CPU 30 frame information desired to be
transferred as the CPU transfer frame information 3041
and output port information to be transferred as the CPU
transfer frame output port information 3042 and gives
frame transfer instructions to the frame transfer
management unit 2072.

Fig. 23 is a block diagram showing a
configuration of processing to be realized by software
in the CPU 30 shown in Fig. 10.

The network control program 304 performs the
following three operations.

(1) It receives a CPU destination transfer frame
which is sent by the control frame receive unit 2012 and
transfers the frame to the equipment control program 305,

the learning management program 302 or the spanning tree

control program 303 according to a designation MAC




10 .

15

20

25

t he | earni ng managenent program 302 or the spanning
tree control program 303 according to a designation-
MAC -56 address of the received. frane. (2)

Si mul t aneously with (1), the transfer frane

out put port information 3042 and the CPU transfer
frame information 3041 are used if necessary to .5
retransfer the franme received in (1). (3) The frane

whose transni ssion was requested by the equi pnent
coﬁ@ﬁaﬁsﬁr8315&?369?3FH@8Igﬁ?ﬁ?ng managenent program

SRR (Y EZQ%%?E%%%@?%W (v ELfgéﬁnaggi%i?ransfer

i i 4 \ ) :

| meSehR bARpE 8RRl L PELAEY; BRO90S b8 Re cpy ppppster
d i ks ; 2

CoZraiip! 1ABorhhBEahChohl 0P 2died PY hOCGREME Lo

0080746520 0Pn80srhiie acbiglg is Bi??s“e”ed to the

| ear ni ng managenent program 20 25 302" and, at the sane

time, the THaNEE e fWiRdPe OthtMEmi POTdn I WO F@i Pt ed by
3042 and the CPU transfer frame infornation 3041 are

useHlet eqhipmshier coherdl aprofpam POSDadeERet Ledfinghe

franme received as the CPU destination transfer frane
20h2dapgmene peogoak 302t onl the ogpamn B34 thees @ontrol
destinati on MAC address of 01-80-C2-00-00-00, the

f repegramt 3@Asierveittent be than@PWgtranefeonfrahe output

port information 3042 and the CPU transfer frame
information 3041.

When the frame received as the CPU destination
transfer frame 20121 by the network control program 304
has a destination MAC address of 00-00-4C-00-00-00, the
frame is transferred to the learning management program
302 and, at the same time, the CPU transfer frame output
port information 3042 and the CPU transfer frame |
information 3041 are used to transfer the frame for
broadcast.

When the frame received as the CPU destination
transfer frame 20121 by the network control program 304
has a destination MAC address of 01-80-C2-00-00-00, the
frame is transferred to the spanning tree control
program 303.

When the frame received as the CPU destination
transfer frame 20121 by the network control program 304

has a destination MAC address other than the above
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program 303. When the frane received as the CPU
destination transfer franme 20121 by the network
control program 304 has a de§,;pation MAC addr ess

ot her than the above _57 5 addresses, the frame is
transferred to the equi pnent control program 305. The
spanni ng tree control program 303 perforns the
followi ng three operations. (1) According to a

hi H—speed spapning tree protocol (I EEE802.1W or a
spg ﬂFﬁSS?FeetBFo?EEEP l?lEEEBGﬁ?IE?? soBkbe PAYABMEE
exchaggeg thro#gh &Bg adj acent node and the network
cofiPP6f °pr BEPIRFB04YPo0  construct a spanning tree.

Setting r jred [ the tree 10 construction.is nade
oy 1 e ek EPahfind (ol Sfod0r S IBEaELN 0003 pd BESims
f j . b d t

f orhE! bl dob e e hpURT bpePdtiohds O Caor ot e
informatio o) j [ i C j

I15 sof t vvlar Ql gfﬂf%gpgﬁg%eé? %%ﬁ%rﬁ%gkﬁﬁﬁéggﬁé e
POpLotbB6DT [REERBOLANWEr BAL S 8P&ANIA§OErS8T protocol

desi gnated port, etc.) of the spanning tree
CONSEEE802J1DY, (4) BPDUOAgAme t e éRENEgeATthabheh the
control program 301. (3) If a route port change is
detdgaeenbynotie ald BRPlhekwdrkgeonaredupeoyoan Bhange
(event.14) is notified to the | earni ng nmanagenent

progmapr3oR. a Thearylngnente corfatdiing cmponn3eh faor dijtes tree

t he
construction is made by the equipment control program

305.

(2) The tag forwarding table memory 2041, the
broadcast forwarding table 2042 and the memory duplicate
information 3013 which is a duplicate on the side of
software of the above two memories are set from the port
information (alternate port, root port, designated port,
etc.) of the spanning tree constructed in (1) through
the forwarding table control program 301.

(3) If a route port change is detected by the
BPDU exchange, a route port change (event 14) is
notified to the learning management program 302.

The equipment control program 305 accepts the
setting through the console I/0 51 or a setting
interface using TELNET, SSH and HTTP provided via the
network control program 304 and notifies the frame type
judgment unit 2011 of the setting information through

the learning management program 302, the spanning tree
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setting through the console I/O 51 or a setting

i nterface using TELNET, SSH and HTTP provi ded via the

25 network contr ol progran13045§pd notifies the frane
type judgnment unit 2011 of the setting information
through the | earni ng managenent program 302, the
spanning tree .58 control program 303 and port
configuration informati on 3051. The forwardi ng table
control program 301 perfornms the fqll owi ng operation.,

5 (Cff‘%&e@op Pﬁéat“bgt e 3 PPGE FORS OTRtIRE LOFRRRRRGon

tr%§530ntrol program 303, the table wite information
30 and the table wite address 3011 are wused to

ST AL BB SR LS, B 9 oertorn

forwardi ng tabl e nenory

f oyar ¢bna olak ¥ oR042. (2) Sinmultaneously with
(1), the ngnnrgeggg ica?e i nformation 3013 is used to

per f orm enyg Ly HEEbOdPhgeRb ¥he SYRSLLhELE 8RS OFrbfiCthe
software table (the tag forwarding table nmenory

70$BAnniihg bBreadeaatrber pebdirag Bobl ethe wRRDEYWF9L82,
the MAC forwardi ng table nmenory 70133 and the TAG

addnfesmathagedoidl talll ehd0t38laswdipki agtieess 3011 are
information on the main nmenory 40). (3) According to

t husedsteubakensntrgnwrhte braentny sahayitrehioprofrahe
302, the table wite 20 informati on 3012 and the table

w e8¢ feuvasdingitahle memenyt30feréandntbat byoadcastor

en£r¥wsugstitution of the MAC forwarding table nenory
oojefwarding table memory 2042.

(2) Simultaneously with (1), the memory duplicate
information 3013 is used to perform entry write or entry
substitution of the software table (the tag forwarding
table memory 70131, the broadcast forwarding table
memory 70132, the MAC forwarding table memory 70133 and
the TAG address management table 70134 as duplicate
information on the main memory 40).

(3) According to the instructions from the
learning management program 302, the table write

- information 3012 and the table write address 3011 are
used to perform entry write or entry substitution of the
MAC forwarding table memory 2043.

(4) Simultaneously with (3), the memory duplicaté.
information 3013 is used to perform entry write or entry
substitution of the software table.

(5) According to the instructions from the

learning management program 302, the memory duplicate
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(4) Simultaneously wth (3), the nenory duplicate
information 3013 is used to performentry wite or
entry 25 substitution of the_ggftmare table. (5)
According to the instructions om the | earning
managenent program 302, the nenory duplicate _50_
information 3013 is used to performan entry search in
the software table. (6) According to the instructions
fromthe network control program 304, the nenory

dupinferma sl am i ldtisonseol 9 parferm @mpantgymsgarch in
ent,r .S{S’%Ch in%&ﬁe software table. The | earning
ma tUATSy TR 1802 receives the learning frane
t I SSi t,.20231, ' tri f
oM ST 08! SRR oD AL BT L
04 [ t
notieedort SFol bront s3TC ThEY perprag nisgate
achinfatasdildh 26anRt § oS hawa Q%l%@Ef%@%,gﬁr%ﬁ%g%kéearch in

registration, substitution and“rénove O

f owar dotd el e smeeory 2043 and its duplicate 15
information. (1) Wien the learning franme transn ssion

request 29QR3l1eaeahsg mhﬁabsﬁéﬁkc\grageaﬁegantr_@é@g{ra@ the
302, event 01 is activated. (2) en the | earning

f r amarndéaghésaiee thraaeniisg iodOregiageneol 3pr, oghaay3ig

fromthe network control program 304, event 03 is

acticigged. £8in VWhmart B66poat lekaaninggfaginegfromgghe

regggsgrk control program 304, and a spanning tree change
notice from the spanning tree control program 303,
activates the events shown below, and performs
registration, substitution and remove of the MAC
forwarding table memory 2043 and its duplicate
information.

(1) When the learning frame transmission request
20231 reacﬁes the learning management program 302, event
01 is activated.

(2) When the learning frame reaches the learning
management program 302 from the network control program
304, event 03 is activated.

(3) When the port learning aging trigger reaches
the learning management program 302 from the timer 306,
event 12 is activated.

(4) When the tag learning aging trigger reaches

the learning management program 302 from the timer 306,

event 13 is activated.
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the | earni ng managenent program 302 fromthe tiner
306, event 12 is activated. 25 (4) Wen the tag

| earni ng agi ng trigger reaches,, the |earning
managenent program 302 fromthe tinmer 306, event 13
is activated. -60 10 (5) Wien a route node change
noti ce reaches the |earning managenent program 302
fromthe spanning tree control program 303, event 14

is actlvateg+ % When an initialjzation request
reaches frb R eﬁu?%ﬂ%ﬁtne it FBRREP 0BP BT S OBSackeR the

s_activat I mer S er at t he
|e%FﬁFH@nﬁg¥“ﬁﬁa{3F{“88 DEPSEAR %8 ?ann?ﬁg dGefigihe tree
t
cosPREFof Bhbakrioaods ERBbr e Ne' PesFRr T hanagenent
30 K 2
confl qur at | h“?e?hén SnfLEE £ 200K Pladest yepphes from
70%1?:& eaﬁiafnesé b8n£iasl Tgfa_ar F¥mdgps! Cé%sntnb@ri@t 48Pivated.

3 shown in Fig. AG addr éss managenent

tabl e 7013ﬁhé3t11ﬁéﬂp30§9<9eﬁréﬂ@s 0@1‘14}5;1-)6& TestA Ned | &fting

first-stage TAG 15 informati on and tabl e storage
adtdregger The thet taqtiearhingt agingeridgyéenfovany i ©ime

i ncl udes TAG whi ch becones a search key of the TAG

addetssmimed geyethe t adph Epr€d 84cort ol ghbdgPEm chid atmed

in the TAG are determned to be even nunbers. In case

of ngbifegthe el¢ayning ooaragement | Drognami 302educt ed

fromthe 1D value to be registered for registration

and searchHFig. 24 is a table showing a configuration of the
TAG address management table 70134 contained in the
memory duplicate information 3013 shown in Fig. 23.

The TAG address management table 70134 is
comprised of two cells for destination first—stagé TAG
information and table storage address.
| The destination first-~stage TAG information
includes TAG which becomes a search key of the TAG
address management table 70134. All VLAN IDs contained
in the TAG are determined to be even numbers. In case of
registering an odd-number ID, one is deducted from the
ID value to be registered for registration and search in
an even-numbered address.

The reason for this arrangement is as follows.
There is a case where a plurality of spanning trees
exist in one network and one node serves as a route node

of the plurality of spanning trees. In such a case, each

node has a plurality of node IDs corresponding to the
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an even-nunbered address. The reason for this

arrangenent is as follows. There is a case where a

plurality of spanning trees gg exi st 'in one network

and one node serves as a route®hode of the plurality

of spanning trees. In such a case, each node has a

plurality of node IDs corresponding to the -61

respective spanning trees. At the tine of |earning,

however, it is desirable that each node shoul d have .

on&CSREFE VD, TRRRNIRIbdERRe whd okBendeinda9fy learning,
| ear nj m ght be_conducted sei zin

falds

pluralit af, | Ds, g
tnBoHevEL,| Gt 39 Ao Fehld Chibaeach modes shegidighave one
pr ti sygh i nconveni ence, . the foregoi IS .
prglégge on a case of ?%u§%aﬂhﬁﬂg°flf“e§’§%e\/\ﬁg’rse applurality
eveg- n ere Is IS Used.as a, _ representative
adgr@essli%%f' eg'cel%q%&gl? fgL c‘#%ere%re?o%(flﬁ%tfe‘fha‘?\e%ﬁﬁng these
abgyg:-deseli Bedypet ad ' a n- nunber ed

ad%regs, agy netﬁgdggaﬁegékggﬁpﬁggé “that can

deter m ne ANRIAGP! #ECNHALYURLPAYI °88ch ! NiAbontaRl Ence
storage address, there are indicate the addresses I h
t heobgoingwaredi pehdbbe TRNDL Y cA8E3 B SefdURlpRlifg tress
information on a main nmenory of the MAC forwarding

t abhereenpay 20d@¢ncfhunberedtri gddiessuding Tsed as a
described in the destination first-stage TAG

i nfeprasénbative addbessobf adackssedeincluded inits

cell is not particularly limted. 20 Fig. 25 is a flow
chart il| UBhexafore i notkexni than theerabioverdssartidbed method

event 01 by the | earning managenent
using an even-numbered address, any method can be

the

employed that can determine one representative address.

In.the table storage address, there are indicated
the addresses in the MAC forwarding table memory 70133
(duplicate information on a main memory of the MAC
forwarding table memory 2043) of the entries including
TAG described in the destination first-stage TAG
information. The number of addresses included in its
cell is not particularly limited.

Fig. 25 is a flow chart illustrating in detail an
operation of the event 01 by the learning management
program 302 shown in Fig. 23.

The event 01 is activated when the learning frame
transmission request 20231 reaches the learning
management program 302. This event is software
processing for adding the entry to the MAC forwarding

table memory 70133 which is duplicate information on the
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..301 to check whether information to

program 302 shown in Fig. 23. The event 01 is

activated when the learning frane transm ssion

request 20231 reaches the |earpn ng 25 managenent

program 302. This event is sof re processing for
adding the entry to the MAC forwarding table nenory
70133 which is duplicate information on the -62 MAC
forwardi ng tabl e nenory 2043 and the main nmenory 40

so that the destination port can be searched in view

of MAChEorHerBANgn§abRe MgRoryn284dpandithe pardnememaygy 40
of th ¥ h é s.5 started. Notified fromthe

| e§Pni H@ 00| ﬁﬁﬁFnBFéﬁpaﬁPrFsc§HcHet&BP€C§6§réﬁ Kégw of

kgiﬁ ?@%@gﬁﬁoﬁn e %%gogndjgdggégtof a tag\,Nh etc. )h
201 t t

e IR .“ﬁpu%@gﬁh@&%‘%%?“rw%%ra?eﬁﬁ £ e teh€ o 11

i n&egmaonuo'ﬁf!a@h%gogfaa pruanggsn ﬁgsﬁlgﬁaggﬂigﬁisggogram

step NO102 orwar di ng nenor

SGEECQEthEéﬁyghséﬁfcﬁoké?rﬁhﬁSrﬁQPkgnCQEtEofesﬂiggﬁ

regl stere

be¢adginyed (Bxibch8d)RonléxibecsearsHd1R £l b8 bntag,
hit, the processing is termnated, but if ™mshit, th

pretes;s madancgsthe siape NDIQByzéh S0P N@éoﬁortheq th.ch
judged result by the frame analyzer 201 notified in

t hehet EpaiDldd ispekanthedsoance MACthédfesseand biee tag
| earnt has been input fromthe uplink 20 side (Ptype =
O)mf@mam@@esél'hmmqe@maewalm ‘td fetep NOSLG2nput
fromthe downhlﬂ<éF%g?e = ,_ the process

In step NO1 the MAC forwarding table memory
70133 is searched through the forwarding table control
program 301 to check whether information to be
registered has been given in the table. If the search
results in hit, the processing is terminated, but if
mishit, the proéess advances to step N0103.

In step N0103, the judged result by the frame
analyzer 201 notified in the ste§ N0101 is examined, and
if the frame to be learnt has been input from the uplink
side (Ptype = 0) , the process moves to step N0105. If
it is input from the downlink (Ptype = 1), the process
moves to step N0104.

In the step N0104, event 11 is activated, the
learning frame is broadcasted to another node. When the
event is activated, the source MAC address and tag

information notified in the step N0101 are notified.

Then, the process moves to step N0105.
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th

noves to step NO104. In the step NO104, event 11 is

activated, the learning frane is broadcasted to

anot her node. Wen the 25 event is activated, the

source MAC address and tag inf®%mation notified in the

step NO101 are notified. Then, the process noves to

step NO105. .63 In the step NO105, an entry is added

as the nenory duplicate information 3013 to the MAC

forwarding table nmenory 70133 on the main nmenory 40

through thdn tbewatepnyO0LablLeavorntoly psogdded3as. the

this tinme, the 5 source MAC address received in the

st@SmNGEOfuP§1§éFeféPfOFWétWRB d8d8i hat tba MaEr §szwarding

theahﬁ i nformation_ received in the step NOLOl1 is set

f ol g E@?PFﬁaﬁléﬁ PPRr §hesrade mR@PFHfépnﬁPFQHShaﬁBe
tifie n the step NO101 is set fo

SHRE R AB TRt GPREEPONPT R8T RIoA0 Lt hehpy CRERE1Te, the

adééﬁr%% PRE” RS, bRriRGR 3B EbGorbe WBARLY jpoagh for
thﬁhéo rﬁbEQinE%Eéﬁ agg&&gg PLAgr @ 393f?ﬁ% pbﬁ

the source ress recelv

NQEQ&eh%eaeEanheN@Eé 'ﬁOﬂ@?thEaEéenfggdEﬁésdeéanééﬂon

i nformati on received Tn the tep NO1 I's set

desiisatienghi rat- shagemdOfon| NhAANERE O, @ﬂdpéf€ notified
i-nput port notified in the step NO101 is set

ouiputhpostepnROLORt iOnsedhisr the oﬂtp@espo@é ;Hi'ﬁormatlon.
event Ol is termnated. 20 . Fig. 26 i.s a flow chart

i | Theny athagproceses andbvas topstapi B0106. event 11 in

t he | earni ng managenent program

In the step N0106, an entry is added to the MAC
forwarding table memory 2043 through the forwarding
table control program 301. At this time, the source MAC
address received in the step N010l is set for MAC
destination address, the tag information received iﬁ the
step N010l is set for destination first-stage TAG
information, and the input port notified in the step
N0101 is set for output port information. Thus, the
process of the event 01 is terminated.

Fig. 26 is a flow chart illustrating in detail an
operation of event 11 in the learning management program
302 shown in Fig. 23.

The event 11 is activated to send the learning
frame in the event 01 or event 05. This event is
learning frame transfer request processing as a part of

software processing for adding an entry to the MAC

- forwarding table memory 2043 and the MAC forwarding
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302 shown in Fig. 23. The event 11 is activated to
send the learning frame in the event 01 or event 05.
This event is 25 learning franmg transfer request
processing as a part of soft Wit e processing for
adding an entry to the MAC forwarding table nenory
2043 and the MAC forwarding -64 table nenory 70133
which is duplicate information on the main nmenory 40
so that a tag to be added can be  retrieved in view of
t hd&ade pamexy (74d33) whicdp iN1 dopligaseedoifogmaftioneon the
11 i§g started. 5 At the start, source MAC address and
t af2dPe TROCKY| 44, sOThBAS Gcé89 FOVES pEdedeparibe2. In
the step N1102, the broadcast forwarding table nenory
2055 5HCVRE i NLRUnBEy 86 MECSDAr BREAAG-(he menory

dupl i i nf i 013_through the f ing 10

Labl o cont FB gé?%;#iﬂ?impfécé%??ﬂtaﬁ it £ 115 Seartea.
| pak ] WAL this time, .

o1 hee e, aPoBy  p8Lrkl alonRsRes b BB bRy aer rek Eapa-

thenbr gadeast figvuar dbngebgbhgyfarory 70132 are

correlated wth the values stored in the VLAN ID/tag

15 i nf or math 0pn&282ep tHe1 02 5, thOCLYSAREAPL t BSryarding table
information 6202 is a nenory address to be referred

t omemoryi rﬁmabhorth:eoniaaﬁ.nsmmo&?w egoi ied. sdALEREQT @s the
plural output port information of the broadcast :

f omemody ndupllabheenmdmioy ma@4dne30d3 rhrRiudin iekslr £66warding
(entry) 20 indicated by a value stored in the VLAN

| Dtabge i rdargeal onpd2@Zams o80put t&s aseamighut an  output

desti nation port. .
destination port of the learning frame. At this time,

since memory addresses (0x0000 -~ 0x1000) (entries) of
the broadcast forwarding +table memory 70132 are
correlated with the valués stored in the VLAN 1ID/tag
information 6202, thdt is, the VLAN ID/tag information
6202 is a memory address to be referred to, no
information comparison is required. Therefore, plural
output port information of the broadcast forwarding
table memory 2042 existing at an address (entry)
indicated by a value stored 1in the VLAN 1ID/tag
information 6202 is output as an output destination port.

If the search results in mishit, the processing
is terminated, and the process returns to the event
procedure of event 11 activation source. If there is a
hit, the process moves to step N1103.

In the step N1103, the network control program

304, the CPU transfer frame output port information 3042
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If the search results in nmishit, the processing is
term nated, and the process returns to the event

_procedure of event 11 activation source. |f there is a

25 hit, the process noves to s§&p N1103. In the step
N1103, the network control program 304, the CPU -
transfer franme output port information 3042 -65 and
the CPU transfer frame informati on 3041 are used to
request the CPU transfer frame control unit 2071 for
.t PBAsIFNESCEN &fraasfear Aragef Aaformating 304durce unagd to
|nd|cat|ng an own node address and a VLAN ta% glven in
5 Fﬁ8u§F§ptﬂfl@?Ua§Hé85f8rtﬁ€a§6r90§éﬁpéhéﬁl Pié for
St?%ﬁ N1102., Thu tEe rocessing of the event 11 is
eFFPRSPE§S1QR1OEhe FPBLRIRY, EFafRshABiRAe2eFERECE tag
pr oc aof event 27 1S flo . .
"l Rhtatifg A 8¥PaPPd3ngd§568§ePﬁgl8n9%$ﬂe%8ﬁt96§en in
ac di t [ n n rwﬂS
SnShE e 81101 a?ﬁéﬁeﬁénFﬂﬁs JETRerbLREn"S eﬁﬁ?hstep
| e gﬁﬁi: [
prg%?gg?369§¥?0h§ﬁ% tmor 2%§t progran1éﬁi

ThisrgyRAtells agfit Eﬁéepﬁécéégcﬁé‘éhfﬁsf 26 2Hdi 8geRR
entry to the' MAC forwarding table nmenory 2043 and the

MAGrbeewardi 88 &@qbhe Depory 70133 which is duplicate
informati on on the main nenory 40 according to the

MAC DA andridne 2agiscatiibéw tditatagillvsbeatieditadet®il an

searched. 20 In step NO301, processing of the event 03

i sopstatien. ofnevéntt 0Ypactendingi b othat learsimg as a
management program 302 shown in Fig. 23.

The event 03 is activated when the learning frame
reaches the learning management program 302 from the
network control program 304. This event is software
processing for adding an entry to the MAC forwarding
table memory 2043 and the MAC forwarding table memory
70133 which is duplicate information on the main memory
40 according to the MAC DA and the tag so that the tag
to be added can be searched.

In step N0301, processing of the event 03 is
started. On start-up, header information such as a
Judged result (existence/non-existence and a type of a
tag, etc.) obtained by the frame analyzer 201, an input
port, a MAC address, the tag 1 (information such as a
node address of a node to which a destination client is

connected that is stored in the tag 620) and the tag 2

(information stored in the VLAN tag 606) are notified as
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judged result (existence/non-existence and a type of a

tag, etc.) obtained by the frane anal yzer 201, an

i nput port, a MAC address, 8 tag | (information

such as a 25 node address of a%ode to which a

destination client is connected that is stored in the

tag 620) and the tag 2 (information stored in the

VLAN tag 606). are notified as _66. the CPU

destination transfer frame 20121 by the frane

andihp, &PV frstingtdon tspastes §F@ﬂeN@9@21(bﬁ heafxame

where.two tag e added as of the frane 6“% In the
@ﬁa&agﬁf URBS{ BEOFBFGapaY g FALFESP SNAINer (1m0 gase

mal

dup 5%?5%% %g%ﬁaﬁfgnwgg%gyaﬁs EﬁgthaPﬁréﬁéh t he

o adrhaBhe €0 Rb3A5OILAM HOL FOLIERATNG! REb18"

out put destinatiron p corfespon

I'f mbh®r$eaoehil s EhSEEtORF@ﬁepﬁggﬁsﬁéﬂgr&540 as, the

Fﬁl
term nated. 10 is a e process”noves

StﬁEmUQ§Oauphﬂchﬁé $heBried893n §b§3N%£éfQé&@éﬂéagghrough

table nmenory 2043, which is on the main nenory 4

t hehemeobwyrdinyi cabtei 6b6ALFBLI pR0GPAR, 308 £6a56886h for
through the forwarding table control program 301 so

asahoostputhdéStinatibn pBECraddreespontiifigetoi bhéheag 1.
step NO301, an 20 additional tag to and tag 2, an
oulfuthgoseann &sspambshibi puhepproceséingeiserechinated.
a mshit, the process noves to step NO305. If it is a

hi £f %helﬁr@chsg nbYesPreeess cnowesoue $rep 0302 p

NO304, it is checked whet her the
In the step N0303, the MAC forwarding table

memory 2043, which is on the main memory 40 as the
memory duplicate information 3013, is searched through
the forwarding table control program 301 so as to search
for the MAC address ﬁotified in the step N0301, an
additional tag to and tag 2, an output port and a spare
output port. If the search is a mishit, the process
moves to step N0305. If it is a hit, the process moves
to step N0304.

In the step N0304, it is checked whether the
output port and spare output port searched in the step
N0302 and the output port and spare output port searched
in the step N0303 are in perfect match and whether the
tag 1 notified in the step N0301 and the additional tag
searched in the step N0303 are in match. If there is a
perfect match, the processing is terminated, but if not,

the process moves to step N0305.
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out put port and spare output port searched in the step
NO302 and the output port and spare output port
searched in the step NO303 are in perfect match and
whet her the tag 1 notified i nfthe step N0O301 and the
additional tag 25 searched in the step NO303 are in
match. If there is a perfect match, the processing is
term nated, but if not, the process noves to step
NO305. 67_ In the step NO305, an entry is added to

t he MAC f@nwahdlagepaNDGOBenanyeﬁﬁi§3;smhddbdiSOOﬂhe MAC
the main nenory 40 as the nmenory duplicate

i nforwarddng3tadle memouyh70A83f owhdcti ig bablkbe main
control program 301. At 5 this tinme, the MAC address

r eBEMREY #A ﬁﬁet§?e§‘em3mdﬁ9h§§§édlﬂé°Fﬁétm@ 3013,
des |nathon address t he tag52 received in the step

No’s' Fopgh gheqfPEvakdingstrRALi 6ANSTPLr BFOIERRGA0FAG At
aatBue: biPRe biEpHRCoaBfFRas, BRoporedai. CapapEeRONOSOL is

2BdeaPeh snd int Gekftedeinl Budfensy; EHECHRE,? FecSivea

RSN e F e L

t ostaésprﬁmﬁéfoﬁéawoﬁhetﬁé ego%?@étrf@vé L5Y tBe st LeP

added’to the MAC forwarding e menory

t R0 308 Wes dadig@edt 88! €n&0BhE Pt PAOSE 8RR B0dn Hbrt Nhgd spare
time, the MAC address received in the step NO301

adoetiph® pdet MEhd deké i bad i DN it asstidhestel 25 a node

veceived in the step 20 NO301 is added to the

deaddras$ ovf sa fnode &6 ageidiAGhe destination client is
connected) notified in the step N0301 is added to the
tag to be added (TAG information). The process moves to
step N0306.

In the step N0306, an entry is added to the MAC
forwarding table memory 2043 through the forwarding
table control program 301. At this time, the MAC-addreSS
received in the step N0301 is added to the MAC
destination address, the tag 2 received in the step
N0O301 is added to the destination’s first stage TAG
information, the port searched in the step N0303 is
added to the output destination port and spare output
port, and the tag 1 (information such as a node address -
of a node to which the destination client is connected)
notified in the step N0301 is added to the tag (the TAG
information in Fig. 16) to be added. The process moves

to step N0307 or step N0308.
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information, the port searched in the step NO303 is

added to the output destination port and spare out put
port, and the tag 1 (information such as a node

address of a node to which th&destination client is
connected) 25 notified in the step NO301 is added to .
the tag (the TAG information in Fig. 16) to be added.
The process noves to step NO307 or step NO308. -68 In
the step NO304, when the contents recited in the

entry fail Inothgr etepi NA30Ae whenchheesohtentherecited in
process noves to step NO307 after the processing in

t h&heseabrydeil| fot perepepikb3the spareht rgsidt, the
renoved from5 the TAG address nmanagenent table 70134,
whPERCPESoROVRE tRaScReNBB)746f58Tt kRenbreEpssing in the
duplica i.nf oy mati on 3013 hrough the forwarding

ta FSPchﬁPPol {)‘i’o'@li‘%nﬁ"%%ﬁ.ﬂ%@‘s"t HPRe (§TELY t1e ¥epved from

{ a5 RBc,BabEaB; BRneSPrept 5ot B0TAE WRieRatponn tne

acRPabmeopy B0 p°LBR hndS) SRRLIGHER TRESRnpion 3013,

: deghgaaggdtﬁér férﬂﬁ?ﬁiﬁgiggggé ScodPEoP ;19l‘r‘§§§a13”98fs 49

step NO308. In the step an entr ©a ded_fo
thehIéﬁtﬁﬂQIeﬁﬁenﬁﬁégfnﬁééeiﬁéheiﬂoﬂﬁé's?@bcﬁoiél'§s°n

the main nmenory 40 as the nenory duplicate

| ndlos ighabed 3048, ah hindeh the [en¥adssvinaebber sopisel
program 301. At this tine, the additional tag searched

| nsthge STRG NISOBmasicesigreigd 24y, taedi thlexehegy &ddress

the entry address (the nenory address in Fig. 16) 20

obt theatenery haddreps NDB0Bigs Lepi gt bmed oin athenotep

 N0303 is designated for a memory address. The process
moves to step N0308. In the step N0308, an entry is
added to the TAG address management table 70134, which
is on the main memory 40 as the memory duplicate
information 3013, through the forwarding table control
program 301. At this time, the additional tag searched
in the step N0303 is designated for the index tag, and
the entry address (the memory address in Fig. 16)
obtained in the step N0305 is designated for a memory
address. But, the additional tag value shall always be
an even number. Thus, the process of the event 03 is
terminated.

Fig. 28 is a flow chart illustrating in detail an

operation of the event 12 by the learning management

program 302 shown in Fig. 23.

The event 12 is activated when a timer event is
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address. But, the additional tag val ue shall always be
an even nunber. Thus, the process of the event 03 is
termnated. Fig. 28 is a flomﬁggart illustrating in
detail an 25 operation of the évent 12 by the

| ear ni ng managenent program 302 shown in Fig. 23. The
event 12 is activated when a tinmer event is -69
generated by the timer 306. This event is part of
sof t ware processing to perforn1aging processi ng of an

entISRGeb DY DS timgds 508at | BRIporVeRh ¥Fehadt ©fe
entries desgribed in the MAC 5

MACDA .and tag anpng th
foﬁiﬁFaﬁaﬁg Phocs 302@%%“&1 @ﬁénm@frfo&ﬁﬁéﬂaﬁgn@f an
I 7013 ich s dupli. [ t.1
o R R U 5 B tibSR Beldl ST o ene
2 - up, ,off dd [
eV?@FPédéh?hg%%:%ﬁgng gﬂes%g%Elgg d@keyd eng%S%ie:%Ac

no ocess 1S nmoved 10 S ep

 theosaRahI02aAd RG99y 30 Lok EnkAfinc! SbygEdady

tabl e nenory 2043 an SA tabl'e cach

t he aph demamolg F0ane hﬁi@ﬁdgsaﬁﬁ?igbﬁgetanﬁgmation on the
| earni ng agi ng request 3021 and the MAC/ TAG agi ng 15

r epagat med2y e process nmoves to ste p N1203. In the
step N1203, the generation of event 12 is reserved
into the tInest8p6Na20R; proepseing of neveflesipnisegtarted.
t hrough t he equi pnent control program 305. At this
ti On, shanbnupy offset address is absifiedi stBredrdfess is
Thus, processing of the event 12 is term nated.

moved to step N1202.

- In the step N1202, aging request of the MAC
forwarding table memory 2043 and the MAC SA table cache
2025 on the side of hardware is made according to the
learning aging request 3021 and the MAC/TAG aging
request 3022. The process moves to step N1203.

In the step N1203, the generation of event 12 is
reserved into the timer 306 after a lapse of time
designated through the equipment control program 305. At

this time, a memory offset address is also registered.
Thus, processing of the event 12 is terminated.

Fig. 29 is a flow chart illustrating in detail an
operation of event 05 in the learning management program
302 shown in Fig. 23. |

The event 05 is activated when an aging
completion notice reaches from the MAC/TAG aging control

3022 after the aging request is made through the MAC/TAG

aging control 3022 in the event 12. This event is part
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Fig. 29 is a flowchart illustrating in detail an
operation of event 05 in the | earni ng managenent

program 302 shown in Fig. 23. The event 05 is

activated when an aging 25 coip?eti on notice reaches
fromthe MAC/ TAG agi ng control. 3022 after the aging
request is made through the MAC/ TAG aging contro

302.2 in the event 12. This event is part .70 of

sof tware processing for aging processing of an entry

t o feHafitwante porgssdmgdior fagimg perddeEsdagand aagentry
among the entries described in the MAC forwardi ng

t afi% Sefsiedy 2 Z9edinad iome PG fEaomatdien §1ACa BRe apdnisayg
70133 5 which is dupljcate_informati on on the main

me RSP entrdes dgsQesdbed droddesiRG Sorwagdingntable
05_is _started. tart-up, a result code

(i REBPRR 204500 thontbhe EoRMardad: topimmeeragy; 30433
be = Off set. dress_and.bit nm i nformation

2 HER e dibfioatE 15 RaRBRARF oPo the: ArRBqRenAgy 40.
process noyes . .St e 2 ngr .
addr ess (ng§DF§8a 5§E3§8§§¥'tﬁégaépg%§é ﬁﬁggggrﬁﬁgﬁﬁn%S T

t aBkarFRAR" YOR 0484 rt Syp Jener&d &fl i %%%EH%OM&&H SHout

and bit map notified I'n the step e process

nOwRsthersuap-MpePd. otSuhR-rhg $5eRoNBaldgelihe 80EL¥t
of the entry address 20 generated in the Step NO502 is

r eeddedskr amdt betMaep {h¥BrElhBgohalbBueWRiY¥h 78488y is
which is on the main nenory 40 as the nenory :
dugelleted)i aker matidhed013The thronwds tiherdorvmratiaiy N0502.
tabl e control program 301

In the step N0502, entry address (memory address
of the deleted MAC forwarding table memory 2043) is
generated in view of the offset and bit map notified in
the step N0501. The process moves to step N0503.

In the step N0503, the entry of the entry address
generated in the step N0502 is removed from the MAC
forwarding table memory 70133, which is on the main
memory 40 as the memory duplicate information 3013,
through the forwarding table control program 301.

Processing in the step N0502 and step N0503 is
performed on all addresses (an address of a deleted
entry which is indicated by an offset and a bit map)
notified as the subjects to be removed in the step N0501.
After the processing on all addresées is completed, the
process moves to step N0504.

In the step N0504, event 11 is activated to send

the learning frame to all entries, whose entry type is
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Processing in the step NO502 and step NO503 is

perfornmed on all addresses (an-address of a del eted

entry which is indicated by an_offset and a bit map)

notified as the subjects to be¥enoved in the step

NO501. After the processing on all addresses is.

conpl eted, the 25 process noves to step NO504. In the

step NO504, event 11 is activated to send the

learning frane to all entries, whose entry type is

_78ets g0 MHCvRECS oML thilnhithet MACVAorwerdandi hgblebmemory

menur. 70133. MAC DA and VLAN TAG are given as an

ar gﬁr}éﬁt tMACI PR RANYLAN TAGt a¥e t GEVRR (2 SAR R FHNGRE to
the event 05 is al so

et ored i
f gﬁﬁeﬁ%’éﬁﬁ ggg})g‘ﬂ%@ri%h% PYQGEEFRY 97|kt reRE LS nis

d ' ' f.th 3 di to th
1 cEPhEABtein b eRBnE: 857 4 S500c RERRLAACRHG. 2. The

The timor S98° 1 LEcq onfoycchat r%f*?%érﬁéi%%?#ﬁég%giil an
B BB O e v B e Far PR RAB Tl T PR

t hpafBgeheatdgsegrbadid? sA8WNAERf piyarging table
menory 2043 and the MAC-forwarding table nmenory 70133

which is dridiewést i 16 ol SBddOIvefed NPheRi & LHRABF Yedht is
15 In step N1301, processing of the event 13 is
steatsdd By shartimer 306 of fitels asthrassi d Yt AIARSS
whose deletion is to be started) is notified. The
preettwanevprotessing fiB02gihg pheceseindlldd2an asntry to
agi ng request i s made on
search a tag to be added in view of the MAC DA and tag
among the entries described in the MAC forwarding table
memory 2043 and the MAC forwarding table memory 70133
which is duplicate information on the main memory 40.

In step N1301, processing of the event 13 is
started. On start-up, an offset address (start address
whose deletion is to be started) is notified. The
process moves to step N1302.

In the step N1302, an aging request is made on
the MAC forwarding table memory 2043 on the side of
hardware by the MAC/TAG aging request 3022. The process
moves to step N1303.

In the step N1303, the occurrence of event 13 is
reserved to the timer 306 after a lapse of time
designated through the equipment control program 305. At

this time, a memory offset address is also registered.

Then, the processing of the event 13 is terminated.
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confPaBelnh Brufihogte Bnbln ST H WAh an aging

20 the MAC forwarding table menory 2043 on the side of

har dware by the MAC/ TAG agi ng request 3022. The

process noves to step N1303. ln the step N1303, the

occurrence of event 13 is resétved to the tinmer 306

after a lapse of tine 25 designated through the

equi pnment control program 305. At this tinme, a nenory

of fset address is also registered. Then, the ;
rocessing_of the event 13 is termnated. -72 Fig. 31 . _
Ps a fIom?gﬁﬁrt3ilFﬁs?rgiPWgchﬂrEe%biPsﬁﬁatbbﬁraPiéﬁtall an

.06 di the | ' t
or BEFERT09 ERoRRPh PPoacsSraXRackOo kol ARLPLRRes!

conpl-etion j.C fves t hgé%T- N
control 30 geé#hgga%éﬁ%ﬁ ?é&§§%¥ g$ SO tééiéﬁg &vent 13
Pr 0A888HAIthET MAGY RAGPEQERGSLBRLLE1 2B SRl T ¥ i
retrievg a tag to/be aégegaagggrdéngg9o fhev%ﬁirﬁﬁaﬁ
10at89vateagwhér &Rt 84eAgdesRPp1LEE S oh MmbbEcMSrrives from
forwarding table mendry 2043 and the NMAC forwarding

t abhe MROPTAG d§IR3 v¥bhehols30pli caiies idVieaiuThld PYarw of
the main nmenory 40. In step NO601, processing of event
O6softwanet procedbify Soaragipg proesssingose, anfésety to
address and bit map 20 are notified. The process noves

t oretepewe6d2tag nte hee sadgedB0Cordimente ytiael MAGRA | snd
generated according to the offset and bit map
no€daq | ¥pene the %ntxﬁes described in the MAC forwarding

table memory 2043 and the MAC forwarding table memory
70133 which is duplicate information on the main memory
40.

In step N0601, processing of event 06 is started.
On start-up, a result code, offset address and bit map

are notified. The process moves to step N0602.

In the step N0602, an entry address is generated

according to the offset and bit map notified in the step

N0601. The process moves to step N0603.

In the step N0603, the entry of the entry address
generated in the step N0602 is removed from the MAC
forwarding table memory 70133, which is on the main
memory 40 as the memory duplicate information 3013,
through the forwarding table control program 301. The
process moves to step N0604.

In the step N0604, the entry of the entry address

generated in the step N0603 is removed from the TAG
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NO601. The process noves to step NO603. In the step
NO603, the entry of the entry address generated in
the step NO602 is renoved fromthe MAC forwarding

t abl e menory 70133, which is offthe main menory 40 as
the menory duplicate information 3013, through the
forwardi ng table control program 301. The 25 process
noves to step NO604. In the step NO604, the entry of
the entry address generated in the step NO603 is

r edoiee sty manblgemeA® +Abladdi0dsd ,mahdghnist ohalhthe main
70134, which is on the main nenory 40 as the nenory
dupﬁ%@ﬁwe4mnﬁ§rWQﬁimﬁmQGYSdupﬂﬁpe&ghinﬁermgtiandBﬁg3
table control program 301. The processing in the step
No&bxoughe shroE0ZvWaKding sabdeNoep4TPd Bépgﬁﬁﬁ‘eéoén
all addresses (an address of 10 a deleted entry wh

i s indi cat SHephTRRCEFLRE: 1BAnBhE SHEP N%@?ZnoFFPPeHOQQ3 and

th b to be renpved in tep NO6Q1. After
A E L ERES BeESHEF‘\é o ahd @eéﬁ?gsse {gh address of
a.fl ow ustra

doPal LaRed,5a Y BRIB 4Rt O T4 akedoPH] D PHEPRS nd a
| B58! o) RBRIPFER! 401 S0EAMLBIZE00LD b2 Fhlovad. 1NEne

event s activa eén a change 1 n spanni

t opeLpoiokf1det Leted letmdf&@gga rkgré rc%gnr%ne ”ﬁ{e event

program 303, and a route port, nane out p

popt, isStebmnggdeqThi s event is softmare proceSS|ng
for rewiting an output destination port and
Fig. 32 is a flow chart illustrating in detail an

- operation of event 14 according to the learning
" management program 302 shown in Fig. 23.

The event 14 is activated when a change in
spanning tree topology is detected by the spanning tree
control program 303, and a route port, namely a frame
output port, is changed. This event is software
processing for rewriting an output destination port and
a spare output destination port described on the MAC
forwarding table memory 2043 which has to be changed
because of a change in tree topology and the MAC
forwarding table memory 70133 which is duplicate
informatioﬁ on the main memory 40. |

In step N1401, processing of the event 14 is
started. On start-up, a tag subject to the topology
change is notified. The process moves to step N1402.

In step N1402, the tag forwarding table memory

70131, which is on the main memory 40 as the memory
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a spare output destination port described on the MAC
forwardi ng table nenory 2043 which has to be changed

20 because of a change in tree topol ogy and the MAC
forwarding table nmenmory 70133  Which is duplicate
information on the main nmenory 40. In step N1401,
processing of the event 14 is started. On start-up, a
tag subject to the topology 25 change is notified.

The process noves to step N1402. In step N1402, the

t aglupdriwartei Agfoablacioandi0y3,7083scankthed ithronghhéhe
mai n menory 40 as the nenory -74 duplicate information
30f9rvagddagr thbdet kootyklt progremydPfdi kg sebieh an output
control program 301 to search _an output destination
poflestdrptippnerss coryesrgndangetehangad trobef chanpad
the step N1401. If the search is a mshit, 5 the ..
or BEELELRG 18 EBPHEPeN1APA | (1F the Featehels pa gbbhit,
noyes to step.N140Q3. . In the step N1403,.the TAG
RQUPESDYARRAGLRENES ESEPEDaSeds | L sbarthed, hihy the

TR Rpedl BB eB bG35 3,10 10,5

nge red i 10 N1401 determ ned as an

additiona|1ﬁag%g3?£$§ $€%b3f0{ rﬂ%@g%§§€+§?ﬁﬁgﬂégément

70133 is searche Searc

Preg8ssi ng1a &grgbae&ﬁéd,aaﬂdiant@ﬁtfgaaaaregé- £hihe
the process noves to step N1404. In the step N1404,

t henepyr¥hoEnt hasMACL4§ torvar hafigbabhse BIRAYif04B8, step
which I1s on the main nenory 40 as the nenory

duplacat detetninedi a8 3A13ddisicsabstagubedthsrpagh

the forwarding table control program
forwarding table memory 10133 is searched. If the search
mishits, the processing is terminated, and if the search
is a hit, the process moves to step N1404.

In the step N1404, the entry of the MAC
forwarding table memory 70133, which is on the main
memory 40 as the memory duplicate information 3013, is
substituted through the forwarding table control program
301. At this time, the port searched in the step N1402
is determined for the output destination port and spare
output port, and other items are not substituted. The
process moves to step N1405.

In the step N1405, the entry of the MAC
forwarding tablé memory 2043, which is on the side of
hardware, is substituted through the forwarding table
control program 301. At this time, the port searched in

the step N1402 is determined for the output destination

port and spare output port, and other items are not




301. At this tinme, the port searched in the step N1402
is determ ned for the output destination port and
spare 20 output port, and oth§i51tens are not :
substituted. The process noves"to step N1405. In the
step N1405, the entry of the MAC forwarding table
menory 2043, which is on the side of hardware, is
substituted through the forwarding table 25 contro
program301. At this tine, the port searched in the
st sybgtddnted. det ermined for the output destination

port and s%%re out put, port, and other itens. are n

ot
-75 5 10 15080°PSTataeons Bfefhe $hePoNLrAEi 8RE Skepnl1405
st ep. N1404 and ste 40 re perforned on all address
iR LRSS URE Th Ahe SACEERNERSS LA FBATERgd 10 The
su (T of e I €S, 1.S:.,.C | et ed he event .
14Q$%#1?ﬁ#@%&te%?%%ﬁeﬁ#émﬁ?%sgé¥%€g§%eofoa% g?n To
F'%oﬁﬁiet%dqsﬁiﬁnb%%nEVQQ ggpggggxnggga_guratlon .
exanpl'e having a logical network created by shutting
of f the poiheRQt wi@h PEEEHER:E LBOPikD kg,etehﬁgs:abv, a
network configuration exanple shown™in Fig. 1 by _
usispanaihiggreeeedpopany Benkigaratebacakampeel hhednkna
| EEE802. 1Wor a spanning tree protocol specified in
| EEB§A2alDnetivorke cteacedbbg. shutting off the port not to

produce a loop in the physical network configuration

example shown in Fig. 1 by using a high-speed spanning
tree protocol specified iﬁ IEEE802.1W or a spanning.tree_
protocol specified in IEEE802.1D will be described.

In each of Fig. 33 to Fig. 37, a thin line is
used to indicate the link when either of two ports
having a prescribed link is connected is prohibited from
sending or receiving the frame, and a thick line is used
to indicate the link only when both of two ports having
a prescribed link connected can send and receive the
frame.

In the description below, the frame may actually
flow the link of a thin line for simplification of the
description, but the description in this specification
will be made on fhe assumption that no frame flows the
link of a thin line. It is to be understood that such a

‘way of description does not affect on the essential
matter of the operation of the node according to the

invention.
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In each of Fig. 33 to Fig. 37, athinlineis wused to
indicate the link when either of two ports having a
prescribed link is connected |§ prohibited from
sending or receiving the frame, and a thick line is
used to indicate the link only when both of
two ports having a prescribed |ink connected can send
and receive the frane In the description bel ow, the
frame may of a thin line for

ctually. flow th Ilng
simplificatifn df tfied HEEELPRY) AassER fhewing’a
hi f i n the
Co B’ BnpEC e GOk BR8] i lh T8°G, Theidss
t
GoaStubid Brbdcdd WRLR! 3 A9nl IRkt a% i8Y e3ee protocol

of otthg Qﬁﬁhﬂﬁh%ntgéet§§OQBGSla9§°Pngg Bothae hxs1cal

i nventi on t opol ogy |agra oW Nng

a ngeqﬁkgugﬁbwgnlgxpgglelof atree TOwhich is a
| ogi cal network created when a hi gh-speed spanni ng

tree protozal thos 8oRPAGH+rALibACExNPLEOFOLhEStHEEITP has

t he physical 5 network shown in Fig. 1. In this

conbdguGat aenaexeopl apdehantir aepdchB&tween node G3 and
node G2 shut off, so to have the topology as shown in
Fig. 33. This tree is created by exchanging a BPDU frame
with no tag added according to the high-speed spanning
tree prétocol. The root node is determined to be any one
of the node Gl to the node G4 according to the high-
speed spanning tree protocol. This logical network is
used to transfer the frame not having a tag added.

Fig. 34 is a topology diagram showing a
configuration example of tree T1 which is a logical
network created when a high-speed spanning tree protocol
Oor a spanning tree protocol is used on the physical
network shown in Fig. 1.

In this éonfiguration example, the tree Tl has
the node Gl as the root node, and the port between the
node G3 and the node G2 is shut off to form the topology
shown in Fig. 34. This tree is created by exchanging a
BPDU frame with tag gl added according to the high-speed
spanning tree protocol. 1In the tree Tl1l, the root node is
determined to be the node G1 by previously setting so

that the node Gl is always a root node. This logical
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node Gl as a root node and a port between node G3 and
node & shut off, so to have the topology as shown in
Fig. 33. This tree is created exchangi ng a BPDU
frame 10 with no tag added accbrding to the high-speed
spanning tree protocol. The root node is determ ned
to be any one of the node Gl to the node G4 according
to the high- speed spanning tree protocol. This '

| ogical network is wused to transfer the franme not
haVpyorkt 4§ ngeddtolsrapgfegaths ﬁramsohégynq|hgeaﬁdded
showi ng_a 20 .configuration exanple of tree Ti which is
a FB@lS&Ilnﬁé?ﬁGFRchEQFeHhﬁh@ﬁdS Bt ghsspeasEpRARLIAR-

iLégaﬁ%i%giﬁ'sfnﬁbwggé‘l%%%bnrEeggﬁ%ﬁ%?ﬁ%k?eésg Boos
f I h t Ti th de G
neer BhERR B A bR FRusBor oL EFRRCRL AE “nBRBAGS and |

‘the node g% és §§u£so£fté§? éﬁi?é' % Oéﬁ@Winégﬁy“ in

Fig. 34. tree 1s cr angi ng

fréﬂﬁf!@ﬁ?a&ﬁ&ngéxéﬁgfg ?fceﬁgénﬁztﬁqﬁgﬁ ﬂégg f8&§9%25

spannl ng tree protoc e tree e root " no

1 SnedRbBRM:PELLEQ WRehNE ﬁ.@sﬁ-@eé&t %%ﬁ?ﬂé'ﬂr&@tﬁt@%col

so that the node G is always a root node.
| ogi-cal spdrnifgNeiver frotodsBdis Ouséd@nsh eEhé hﬁoéi@«ﬂb

having the added tag gl indicating that the node Gl

i snatweski showoninlRhigother words, the frane with the

expansion tag gl added is transferred t hrough the

tree Ti asim thitsh.configuration example, the tree T2 has
‘the node G2 determined as the root node, and the port
between the node Gl and the node G4 is shut off to form
the topology shown in Fig. 35. This tree is created by
exchanging the BPDU frame having the added tag g2
according to the high-speed spanning tree protocol. In
the tree T2, the root node is determined to be the node
G2 by previously setting so that the node G2 is always
the root node. This logical network is used to transfer
the frame having the added tag g2 which represents that
the node G2 is a destination. In other words, the frame
with the expansion tag g2 added is transferred through
the tree T2 as a path.

Fig. 36 is a topology diagram showing a

configuration example of the tree T3 which is a logical
network created when a high-speed spanning tree protocol

or a spanning tree protocol is used on the logical

network shown in Fig. 1.
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Fig. 35 is a topology diagram showi ng a
configuration exanple of tree T2 which is a |ogica
network created when a high-speed spanning tree
protocol or a spanning tree pfdtocol is used on the
| ogi cal network shown in Fig. 1. In this
configuration exanple, the tree T2 has the node &
deternmined as the root node, and the port between the
node Gl and the node 4 is shut off to form the
t opol ogy shewthis Feenfigurahient exempdecr echedtibge T3 has
exchang the BPDU frane having the added tag g2 15
q oGBhéiemegﬁu@ﬁéeoﬁl%pagm HmPat ekoge ot 886 .they port

tree T2, the root node is determ ned to be the

h
to gtuasny e Aoyt 0 e, IRAK 1G4 THEE R €9 ferm the

¥ 2%9&9595 R B Ry (16 addRiR ab 269 vif cReeatsd by

o RERaRbTeL hné? BRI R RalifAci R, figed” tas @3
adaseguéalh&a%f U1&%1 06400 a BBaLATRAT3, A0 AL

i's”a topol ogy am show ng |gura |on

eXEHE'%r@E e tﬂﬁgfﬂgbﬂwﬁ8§b'§sadbggkﬁ§hed2@oan¥EEﬁé node

created when a hi gh- speed spanning tree protocol or

SpeBnNbRY preéafi diNPCHtinysad Ahadhehoghsat GBetl\@réaways
shown in Fig. 1. -75 In this configuration exanpl e,

t hehér esoi3nbde. t tRisodegEeadeneiiior®d ias ddwl re®tiransfer
node, and the port between the node & and the node
GAtbaufreme thaviiognmthe addepdl bgy gBowhiich Feprefents that
This tree is created by
the node G3 is a destination. In other words, the frame
with the expansion tag g3 added is transferred through
the tree T3 as a path.

Fig. 37 is a topology diagram showing a
configuration example of the tree T4 which is a logical
nétwork created when a high-speed spanning tree protocol
or a spanning tree protocol is used on the logical
network shown in Fig. 1.

In this configuration example, the tree T4 has.
the node G4 determined as the root node, and the port
between the node Gl and the node G3 shut off to form the
topology shown in Fig. 37. This tree is created by
exchanging the BPDU frame having tﬁe added tag g4
according to the high-speed spanning tree protocol. 1In
the tree T4, the root node is determined to be the node

G4 by previously setting so that the node G4 is always

the root node. This logical network is used to transfer
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5 exchangi ng the BPDU frane having the added tag g3
according to the high-speed spanning tree protocol. In
the tree T3, the root node is getermned to be the
node G3 by previously setting'so that the node G3 is
al ways the root node. This logical network is used to
transfer 10 the franme having the added tag g3 which
represents that the node G3 is a destination. In
other words, the frame wth the expansion tag

&Qf|ﬂ§aﬂﬁa#§W@Paeah@h@é@§ﬁ t@ige ot wBiTh agpaeﬁspﬁs that

CoR PR G dRadplessiHiaoPr ccl T ASHRPEMPEdS, the rame
K d i gh- d [

tr S GBt SPc SB 8P 2R s adn g SCREE fPoLSe0F EF L RBcaTERuSh

%ﬂ OQI%%| 4n%gm%yE %ﬁown in Fig. 1. In this

con |gurat|on exanpfe, the tree T4 has. 20 the node

GA determ hgdpas, %EEa£§8£C§991 1@ES%t98 bk tﬁf&“ﬂe”

t he node and the no orn1t

t ORARAY meRRWG i Ebgdeézrlﬂaasw&%ﬁerb%a&éﬁe&edobylg. 38
exchangi ng the BPDU frane having the added tag g4

aceer ¢igy “oQ.t he high-speed spanning tree protocol. In

25 the tree T4, the root node is determned to be the

node G4 bynptk&i Soklywiryt saguence haiaghamapdse wdinSsignal
al ways the root node. This logical network is used to

t r &mefier seq@ebcehésf indéchaednhyt hesaeddddling, gandhach
represents that the node 4 is a destination. In

ot hepragdnasframe seanencei in ihdiespaedsbynatbyoken line. A

added is transferred through i .
sequence of the frame having the added expansion tag is

indicated by a thick line, and a sequence of the frame
not having an added expansion tag is indicated by a thin
line.

Fig. 38 is a sequence diagram showing an exchange
of frames between the individual nodes and the client
when client C1 under the control of the node Gl sends
PING REQUEST to c¢lient C2 under the control of the node
G2 and the client C2 sends back PING REPLY to the client

.Cl. This is determined as operation example 1.

Sequence N11l1l is an operation immediately after
the startup of a network operation or after a lapse of
adeéuately long time after the termination of the
previous communications between the client Cl and the
client €2, and is a communication sequence between the
client Cl1 and the client C2 where MAC address cl of the

client Cl1l and address gl of a node to which the client
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the tree T4 as a path. Then, operation exanples 1 to 3

of this enbodinment will be described with reference

to Fig. 38 to Fig. 40. In the foll ow ng sequence

di agrans, a main signal frane %equence i's indicated

by a solid line, and a 10 | earning frame sequence is

i ndi cated by a broken line. A sequence of the frane

havi ng the added expansion tag is indicated by a

thick line, and a uence of the frame not having an

ad@é—db@ﬂ-ﬁ‘é‘ﬁ@lroWang§eﬁﬁdF@aP§dtb? gligph CRi aad agdress
38 i s .a sequence diagram show ng an exchange of

fr%ﬁegfbépﬂseﬁ% HBiPRAFAgHE CROREBIORAE £RE eprceﬂ}fearned by

wh cl,i nder, t he _control of the node Gl send

Pl RBCREAPREi AL NPURE 05 ORHER GhetBoRfr ol ARROL A Sxample

hERenfZRRag, HHE Shislt, €380, Roat 55%5 FEpPBRhOrrane

exggpkel chéﬁﬂ“@?ce?h'&l%hla W Eeﬁ@eéé‘t £8 g?@fceié‘mp

after the startup of a ne operati oh

| apgaookerAdedrahely long time after the tern1nat|on
of the previous conmuni cati ons between the client Cl

and the Zﬁlﬁétpnéh@?clf@ﬂtlélasmhéaélpéhﬁww ICMP
between the <client C1 and the client C2 where MAC
adHCHOSREQUEST! beame| h&tin§l aandsogfiaessn Macfof #2dgnd a
to which the client -80 Cl bel ongs, MAC address c2 of

t heourcenHAC2ofindl addrteiss frgdnofwildddd cafirded|d®erds the

- C2 belongs are not learned by the individual nodes of

nodasn GlgualA4frape ein abhexfioplewing description.

The node Gl receives the frame from a downlink
port. The destination MAC is used as a key to search a
tag to be added and an output port, but the search does
not make a hit because the learning of MAC address c2
has not completed. Therefore, the node Gl broadcasts the
main signal frame along the tree T0O. At this time, an
operation of adding or removing the tag to or from the
frame is not performed. As a result, the main signal
framé is transferred to both the node G3 and the node G4.

Because the frame having an unlearned source MAC
cl added arrives from the downlink side, the node Gl1
learns that the MAC address cl is connected to the port
of the downlink side and broadcasts the learning.frame
having the address gl of the source node Gl added as an
expansion tag address to the uplink side along the tree
Tl. As a result, the learning frame is transferred to

both the node G3 and the node G4.
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shows that the client O sends | CVP ECHO REQUEST frane
5tothe client C2, and the client C2 replies back

| CMP ECHO REPLY frame. First, the client C sends the
client C2 the 1CW ECHO REQUE% frame having a
destination MAC of c2 and a source MAC of ci. This
frame will be referred to as the 10 main signal frane
in the follow ng description. The node G receives the
frame froma downlink port. The destination MAC is
used as a KB¢ predecgdchegeivag fsomethedunlind aprt the

out part, but the search does not nmake a hit
e diAITe Sigale 4TI “OF Gl S $6REs STEB EBenaodeoGl to the

PR LA BT ELBRIE bl LT b B e
f. ad f th
e e e ﬁg&ﬁeégw&. By e

fr§@§5 Eegeﬁashgg&ag ggrQOE% g cRodge Gﬁosndeahe node

ause havi ng-an un earned sodfce

grﬁbnﬁbcﬁgged ﬁﬁ&'V@ﬁeféﬁg%éesség#w&érgbé% dt$EEﬁ

' earns that the MAC 'S connec ed to

podkstehathendannl cokusideagnd Qégadsaﬁt Ehéhgelaﬁéhnaaes
frame having the address gl of the source node G

added @esalt2inexpnisi BachageadHeescatfihfeoPthBkMAC

side along the tree T1. As a result, the | earning

f raddresst canbasrnet tomphetedt herrrmt:hfcﬁﬁe Anthé htodwdes

4. -81 The node G3 receives fromthe uplink port the

mebrosilgaatsf theemaknchigsadefitaheotot hkenbdeeGrot and the

the destination MAC c2. At this tine, it is |earned

t neeTEhen the downlink side. At this time, no operation is
performed to add or remove a tag to or from the frame.
As a result, the main signal frame is transferred to the
client ¢3 under the control of the node G3 from the
downlink port.

The node G3 receives the learning frame which is
sent from the upliﬁk side by the node Gl and learns that
the client C1 haﬁing the MAC address ¢l is connected to
the downlink side of the node Gl having the expansion
tag address gl. This learning upon arrival of the
learning frame has precedence over the learning upon
arrival of the main signal frame described above. Thus,
when another frame addressed to the cl is received from
the downlink side, the expansion forwarding tag gl is
added to the frame to transfer to the root port side of

- the tree Tl. At the same time, the received learning

-frame is broadcasted to the uplink side along the tree
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frame addressed to the destination MAC address cl nay
be 5 sent to the uplink port to which the node @ is
connected. And, the output port is searched with the
destinati on MAC c2 used as a k&, but the search does
not result in a hit because the | earning on the MAC
address c2 has not conpleted. Therefore, the node G3
10 broadcasts the main signal frane to the tree TO and
the port on the downlink side. At this tine, no
opBdat i ¥t} sthpetfer el i imidexrupeedvet athagaede 633,
fromthe frame. As a result, the nmain signal frame is
tr ERSPAEABY 68 nRefurthent tranafidsr ofhtheoheashing fhame
node G3 fromthe 15 downlink port. The node G3

r e€EPPethenhBoreafAi kg FhanBe¥hi BAdEs sent fron1the

uplink side by the node G apd | earns that
client C1 i gl?ﬂE CeTRF eSS the| @a%%n%%%?%% fepme of

SoabroetLaR M o UBH Rt LBbRdreroal B7 FRS mode
| eggnigg p&ggsrprgsﬁﬂglsc@gagengs 54 "EnbALOLIG PSR wac
gna rame descri ped above.

ThH&dre&QeHoégoﬁ @r ﬁ? ﬁﬂdﬂgésggﬁfgséhSBQ! E

received from e expansi on

forwar di ngrl&élgn&éle '@4 2159@@9?&5 terdmer i AL itk (EMS e

to the root port side of the tree TlI. At the sane

tim@intSegnereivede | GRISh NDs $6REEEHomDERSOSSEE 6@l t€o the
the uplink side along the tree -82 TI. But, the tree

TIdesigméeionplrd a2.t P tids Gime,r ddulild N@gdrha that the
further transfer of the learning frame fromthe node
Gframe haddeesseddee the destination MAC address cl may be
sent to the uplink port to which the node Gl is
connected. And, the output port isrsearched with the
destination MAC c2 used as a key, but the search does
not make a hit because the learning on the MAC address
c2 has not completed. Therefore, the node G4 broadcasts
the main signal frame to the tree TO0 and the port on the
downlink side. At this time, no operation to add or
remove a tag to or from the frame is performed. As a
result, the main signal frame is transferred from the
uplink port to the node G2 along the tree TO.
The node G4 receives the learning frame which is
- sent by the node Gl from the uplink side and learns that
the client C1 having the MAC address cl is connected to
the downlink side of the node Gl having expansion tag

address gl. This learning upon arrival of the learning

frame has precedence over the learning upon arrival of
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The client C3 receives the main signal frame of 5 the
destination MAC c2 which is transferred by the node

&3 but discards this frame because the destinati on MAC
address does not match own MACB&ddress c3. The node 4
receives fromthe uplink port the main signal frane
which is sent fromthe node G to the 10 designation

"MAC c2. At this tine, it is learned that the frane

addressed to the destination 14AC address cl may be
serdher gafine sygniadk freme deswribed abovede Tiuss when a
connected. And, the output port is searched with the
dedTiamet peErpaSee tes E8caslaiReFeckdvedhéropaths downlink
15 nat ¥ake a . hit because the | earning on the 14AC o
ad§re8s TR FRETN BN, cbhFI B¥RANSTREr £PEMETILRE hBHeI&4ls

o R ML RO SR
[ dd t t f t f

PR BB B1SUh T ARG A7, O LA L

£ SERARSLE be0bERBIe oL ROk KO IELBRACH R oo

frame Wi ch f&suBentehy Iéf&mirggf %arﬁé%t%&@éé%d to

side and learns that the cl avi ng the MAC
addpressogk g.connected to 25 the downlink side of the
node @ havi ng expansion tag address gl. This

| ear ni ng uphs Asdeval pécéhees efrdmNghe fiEIENDaSort the

precedence over the |earning upon arrival of -83 the

mairaini ghghalr Aremdesddressedbbuethdhdestihation Maane2

addressed to the cl is received fromthe downlink

si gentr remheheonpdeh@d ex Fen diluis foimey ditngis deeayingds that
the frame addressed to the destination MAC address cil
may be sent to the uplink port to which the node G4 is
connected. And, the output port is searched with the
destination MAC ¢2 used as a key, but the search does
not make a hit because the learning on the MAC address
c2 has not completed. Therefore, the node G2 broadcasts
the main signal frame to the tree T0 and the port on the
downlink side. At this time, no operation is performed
to add or remove a tag to or from the frame. As a result,
the main signal frame is transferred to the client C2
under the control of the node G2 from the downlink port.

The node G2 receives from the uplink side the

learning frame sent by the node G4 and learns that the
client C1l having the MAC.address cl is connected to the

downlink side of the node G1 having the expansion tag

address gl. This learning upon arrival of the learning
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added to the frane to transfer to the root port side
of 5the tree TI. At the sane tine, the received
learning frane is broadcasted io the uplink side
along the tree TI. As a resul$* the learning frame is
transferred to the node &. The node &2 receives from
the uplink port the 10 main signal frane addressed to
the destination MAC c2 sent fromthe node 4. At this
time, it is learned that the frame addressed to the
dedEang T@% MEECRdeNEss over Wy Beasaing spone agpivak of
port to which the node 4 is connected. And, the

out “}5’&1"( ﬁlgng"éarfa%@& fesRTiked: sbgyeri nERISN wc@

, d |
bedarbe FEEkesth i Sh i macrauseass TEshyfus gon o
| f ode & Db d ]
o1 81 ' Bom. Wt R pbs”2PERa R, tpoPe  Dnnenbg o1 Ls
T ;
SRR i, Bl ! LT gy 85400, BEELCLRN o

re%%bttrebh@lna'ﬁ%stﬂﬁaéaﬁéa@f?é h%ﬁ@”?éé%éf%htfbééﬁing

client C under the control node

dovmaingk iBObiroadiBashedetb2thecapyenkl E9Ak! Q@oﬂel ERK tree
side the learning frame sent by the node 4

| e®ans Bhe} bHéeaud €hé efited] Thavs nﬁlﬁéh?rd‘ﬁ\iécﬂ% &ffe node
cl is connected to the downlink side of the node Gl

haG2pgthkelerpahpgofiramg iaddoessrghsfdéhirad| eaomi thie node
upon arrival of the learning -54 frame has precedence
ov€? thetheaneakhgnaden arrival of the main signa

frame descri bed above. Thus, when a franme addressed

to the cl TBerebienedC? repseieesobne imkin signal frame of

the destination MAC address c2 transferred by the node
G2. Because the destination MAC address matches own MAC
address c2, this frame is given to an application or
-another program.

In this example, the frame sent from the client
Cl is determined to be the ICMP ECHO REQUEST, so that
the basic software of the client C2 creates an ICMP ECHO
REPLY frame having the destination MAC address cl and
the source MAC address c¢2 to send to the node G2. This
frame is referred to as the main signal frame in the
following description.

The node G2 receives the frame from the downlink
port. When a tag to be added and an output port are
searched with the destination MAC used as a key, it is
seen by the previous learning operation that the -

expaﬁsion forwarding tag gl may be added to the frame of
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side fromthen on, the expansion forwarding tag gl is

5 added to the franme to transfer to the root port side

of the tree TI. At the sane tgge t he received

| earning frame is broadcasted® o the uplink side

along the tree 'Tl. But, because the tree Tl is

interrupted at the node @&, the learning frane is not

transferred fromthe node 10 & to the next node. The

client C2 receives the main signal frane of the

dedthen Sasdi nkd ond ¥REs adeiressa §3f &0r édapy fefe tRodhe root

G2 Because t stination MAC address matches own
22 %Fh|§eﬁrgﬁe i SheTeEPreo Bhe ppie c@di afds

ILn this e e frame sent

I
fr&%@%%%%%E%éﬁ T R g VA P

,Crggggéfg%gl%%Pagfyﬁgd%Eglc software of the client C2

LY frame having the

desti nati og, MM s ggﬁgsﬁ b agﬂecgogaeG§of gfngmg#at the MAC

address c2 to send to t e ho

'reaaa&@gstezaastbenﬂabeeal@Bakh&ra t' nl PRe aehheghRQSlde

description. The node & receives t rane fromt

dopakaike Bofkamwhﬁavinbaﬁntﬁn@éa@ﬁé&ds@ﬁgcénMﬂétEHHress
port are 25 searched with the destination MAC used

a keyaddedi hasseepibgdt Beofar eeodswheahRi 89depenadyl, i QB the
that the expansion forwarding tag gl may be added.to

t heafeatemef bBSadcakesdebei hebrninyhCranmedrhesing the
transfer to the root port side of the tree Ti.

Thaddress, gehefnbhe spundesnode G2 added as an expansion

tag address to the uplink side along the tree T2. As a
result, the learning frame is transferred to both the
node G3 and the node G4.
The node G4 receives from the uplink port the
" main signal frame of the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
.Then, because the output port to the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1l, the node G4 transférs the received
frame from the uplink port to the node Gl. At this time,
no change is made to the frame. Therefore, no operation
is made to add or remove a tag or to rewrite the MAC
address.
The node G4 receives the learning frame sent by
the node G2 from the uplink side and learns that the

client C2 having the MAC address c¢2 is connected to the
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the expansion forwarding tag gl to the frane and

transfers to the node 4. At the sane tinme, the node

& learns that the MAC addresg c2 is connected to the

port on the downlink side bec Gise a frame havi ng an

unl earned source MAC address c2 added has arrived from

the downlink side and, at the sane tinme, broadcasts

the |l earning frame having the 10 address gzdgf the-

souyrce _n 2 added_as an expansion tag address to

théiqm%lﬁ% §,1@1@ fokder Beder 62 having sher ezprpsippetag
to both the node G3 and

t nadisResc tﬁﬂ%ég‘gﬁégﬁéﬁ&%%d@%mwmiwep%%tis
f t i on

iggegr]ﬁ"ggn?r?"f“g%?h ranﬁéﬂ%z ﬁ?ﬁ@%é%ﬁ%ﬁ%ﬂ?

;:Eg ﬁEQOW'EGr%Q ggg t%g t ?g%@ﬁ%gfgo %ﬂ? 45890 to

exXpaaeBy Eer%ﬁédkagttﬁgrglsiﬁeabﬁa¥ﬁ?s€£eEoT5heiﬂ@QEhe

port side of 20 the spanning i
tréaﬁéet§méhetﬁécﬁé&8§veﬁr§§Er££ﬂ&1fP&mépiénBrBQHEﬁgeed to

the node d. At this tine no change 1's nade

frahe. uphenkf gide AlongetBéi eheei 9200dMH 0 Al Hee T2 is
renove a tag or to rewite the MAC address. 25 The

noilet&truptedvas the hedenGag fesubtiegtidynot beangter of
& fromthe uplink side and learns that the client C2
hath@gleaenimg fdamesErom2the nodec4 etb tthé heexB6ndde.

The node G3 receives the learning frame which is
sent by the node G2 from the uplink side and learns that
the client C2 having the MAC address ¢2 is connected to
the downlink side of the node G2 having the expansion
tag address g2. Thus, when a frame addressed to the c¢2
is received from the downlink side from then on, the
expansion forwarding tag g2 is added to the frame so to
transfer to the root port side of the tree T2. At the
same time, the received learning frame is broadcasted to
the uplink side along the tree T2. As a result, the
learning frame is transferred to the node Gl1.

The node Gl receives from the uplink port the
main signal frame of the destination expansion tag gl
sent from the node G4. And, the address gl indicated on
the destination ekpansion tag is own address, so that
this expansion tag is removed, and the output port on
the downlink side is searched with the destination MAC

cl used as a key. Then, it is seen by the previous
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downl i nk side of the node & having the expansion tag
address g2. Thus, when a frane addressed to the c2 is
received fromthe downlink sid§7fron1then on, the
expansion forwarding tag g2 is“added to the frane SO
to transfer to the root port side of the tree T2. At
the sanme tine, the received learning frame is
broadcasted to the uplink side along the tree T2.
But, the tree T2 iis interrupted at the node 4,
reslﬁatrpﬁ@g. FPPﬁé'attﬁ-é’HsftéPtthet redeehaning thandestdnation
next node. The node G3 receives the
R§EPame ChnienCPBnoGERE By WHéCHoH@rEZOfrBH?t he
pli nk-side and hat t.he cI c2 ha e
8035& bEC288, %ﬁ%%?@%:t%be RIS GR crite

Thag RSPy B SCERZE° 1S vpil zgﬁdreﬁ?ﬁ%e%eas

fraghhhgsdgwnl i nk side fron1then on, the expansion
forwarding tag g2 is added to the frame so to
transfer tfhéhEod@0E1 PRELeSTESE Ofic I1EatE £y TR wich is

same tinme, the received learning frane 1s r casted

t osehiebyptheknsideca! opemt PRet 4SEiAR. sf@eaaﬁESPéérns that
the 20 learning frane is transferred to the node Q.
Thehaodki&htrezechaesnér ohet NRC uplidiksPot? iHecomBédted to
signal frane of the destination expansion tag gl sent

f r bhe t iewnbiek Giidéndf the node 62 lgavimngli thé eskpansion

t he destination expansion tag i s own address, so that
25t2gi addyeansydn Tyd s whampde nade tGe maaqintespar tframe
on _the downlink side is searched with the destination

vagddees$Rd gt @sthe ey . fnpmnthe tdewnkielk pide hérom then on,

previo -87 .
P it aégg E%e expansion forwarding tag g2 to the frame to

transfer to the root port side of the tree T2. At the
same time, it broadcasts the received learning frame to
the uplink side along the tree Tl. But, the tree T2 is
interrupted at the node Gl, resulting in no transfer of
the learning frame from the node Gl to the next node.

The client Cl receives the main signal frame of
the destination MAC address ¢l transferred by the node
Gl and gives the frame to an application or another
program because the destination MAC address matches own
MAC address cl. In this example, the frame is given to a
PING program in the basic software, and the result of a
PING command is shown.

Thus, the communication sequence between the
client Cl and the client C2 was described under the

condition that it is immediately after the start-up of
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| earni ng operation that the node having the

-destination MAC address cl is connected to which port

of the downlink side. Therefp&i1 the node Gl
transfers the frame to the doWnlink port to which the
client C1 is 5 connected. The node Gl receives the
learning frame which is sent by the node G3 fromthe
uplink side and learns that the client C2 having the
MAC address c2 is connected to the downlink side of

t heo e (P Tk ARRT AtHO e ¥Faddi His1 Passgdaddleny gime
Thus,_when the node Gl receives a frane addressed to

t hS T YTERG HE Fowhs Hersiae tiegnofh 8FeSHOuS t adds

tr SR BP Rt B, B8, 83560e 0, pnd Foe st tene c2,
| e L ved | .

St 1 e ARGESLS Hhe chacphued) BT A0 HE MRy reos
T2 g1S ol Rhe hidReed cAlnbRe Eﬂgecg'enEeéglLbﬁgnbgﬂgﬁd also
transfer of the learning frame from the node 0

t henaexincnadareEhe col bgntnelcigegives hLAg %ﬁbnfahgagg g2

e
frame of the destination MAC adgress cl transferre

by offhéheogdede2@oGhhabd @hueslibatf canBelBngd are not
application or another program because the destination

MACeastdeds bymaachesfovhe NB€esddiess gh. In this
exanple, the frane is given to a PING programin the
basi ¢ sof t dagqeenaadNih2 issaltomhuric®tNeh cosguence sbetween
shown. 25 Thus, the communi cation sequence between the
cl that ctienhdClhangl that ctenhsCaewbenbatd hadenothpassed a
condition that it is inmediately after the start-up of
- ggong time after the termination of the previous
communications between the client Cl1 and the client C2,
and the MAC address ¢l of the client Cl1 and the address
gl of the node to which the client Cl1 belongs and also
the MAC address c2 of the client C2 and the address g2
of the node to which the client C2 belongs have been
learned by each of the nodes Gl to GA4.
Here, an example in which the client C1 sends an
ICMP ECHO REQUEST frame to the client C2 and the client
C2 sends back an ICMP ECHO REPLY frame will be described.
First, the client Cl sends to the client C2 the
ICMP ECHO REQUEST frame having destination MAC of c2 and
the source MAC of cl. This frame will be called the main
signal frame in the following description.
The node Gl receives the main signal frame from

the downlink port. When a tag to be added and an output

port are searched with the destination MAC used as a key,
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t he network operation or it has passed a long tine
sufficient fromthe term nation of previous
conmuni cat i ons between the clig?t Cl and the client

C2, and the MAC address cl of®fthe client C and the

address 5 gl of the node to which the client C

bel ongs and also the MAC address c2 of the client C2
and the address g2 of the node to which the client C2
bel,ongs are not _|earned by each of the nodes G to

Ot 1Ed5u 68 RY1 2 6aEd Aokt at i6n 288dgakde Bt ween the
10 the cliient. C1 and the client C2 when it has pot

0o SERRIS LOf, TOTNATALIE &A% B2 8 FhRatFoReoPL: fBe

0 A SO A A LRSSy Ehe Bk e
ond ke ot ol s, Uppael0 WCHRADSGE! LA fhe
c2 £ ol d ch '

S ARArhSra it sz lhs shel B9 98 AED gL s

t o4 thBenedea3exanpl e in which the client Cl sends
an | CMP ECHO REQUEST frane to the client C2 and the

client 20Th@ seadscbagkcaive EMPr&RrHh&ERRDYiAk apBrwi the
be described. 25 First, the client Cl sends to the

cl ment €2ghhd fir&hP BEHOLBREQUESInataor bapangion tag g2
destination MAC of c2 and the source MAC of cl. This

f r agptwby| the vaife@lt heAmdi nthesigrigiutf rpowet i is tdearched
follow ng description. The node Gl receives the main

si yakh Fganéeﬁteﬁﬁt@ﬁe gsrAns RN pbag . g¥hened eagatkeye
added and an output port are searched with the _.
delhPRat FBR RMEPULcBORE AOKelhe expansion forwarding tag

g2 is always set to the root port side of the spanning
‘tree T2, so that the node G3 transfers the received
frame from the uplink port toward the node G2. At this
time, no change is made on the frame. Therefore, a tag
is not added or removed, and the MAC address is not
rewritten.

The node G2 receives from the uplink port the
main signal frame of the destination expansion tag g2
sent by the node G3. And, the address g2 indicated on
the destination expansion tag is own address, so that
the expansion tag is removed, and the output port on the
downlink side is searched with the destination MAC c2
used as a key. Then, it is seen by the previous learning
operation that the node having the destination MAC
address c¢2 is connected to which port of the downlink

side. Therefore, the node G2 transfers the frame to the
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-89 it is seen by learning that it is advisable to add
the expansion forwarding tag g2 to the franme of the
destination MAC address c2 to_géansfer to the root
port side of the tree T2. Therefore, the node Gl adds
the 5 expansion forwarding tag g2 to the frane and
transfers to the node G3. The node G3 receives from
the uplink port the main signal frame of the

e Bueltt 50 PhHelponliths i flrtecken,
out put por?hgogifﬁggeggaﬂ§88ﬁ??8rﬁﬁ?d?ﬂbn¥§bg?@§ fgame of
S VL b L L A 9 0 D0 ORI D9l e
g oLt 64, o PR ety O SadSier

iSpB@braﬂdBécﬁﬁsée@H&eQeSEEQaEESnNﬁﬁbaﬁgﬁﬁé si@agehes own

rewitten. The node G2 receives fromthe uplink port

t heacnaddrékgnab.frane of the destination expansion

tag g2 20 sent by the node G3. And, the address g2

I ndi cat ed Dm thies desampbd j othe xPodine Ofeti B 0fFEm Ove client
address, so that the expansion tag is renoved, and

t h€lous pdetpomined thebe diohm| IOKP SECRO | REGEBEST heso W hidit
the destination MAC c2 wused as a key. Then, it is
seehephashe pepEivave ¢Eathe nglienbpe? atreatesasntH@MP ECHO
node having the destination MAC address c2 is

c ORRER¥ effr 288 WARERNG ok e des hitnabihpn | MAC address ¢l and

the node & trapsfers the frane to the .
Thtrgfggg}ce Mal agﬁress c? and sends to the node G2. This

frame is called the main signal frame in the following
description.

The node G2 receives the frame from the downlink -
port. When a tag to be added and an output port are
searched with the destination MAC used as a key, it is
seen that the expansion forwarding tag gl is advisably
added to the frame of the destination MAC address cl to
transfer to the root port side of the tree T1l. Therefore,
the node G2 adds the expansion fo;warding tag gl to the
frame and transfers to the node G4.

The node G4 receives from the uplink port the
main signal frame of the destination expansion tag gl
which is sent from the node G2. And, the output port is
searched with the destination expansion tag gl used as a
key. Then, the output port to the expansion forwarding

tag gl is always set to the root port side of the
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-90 downlink port to which the client C2 is connected.

The client C2 receives the main signal frame of the

destination MAC address c2 trapsferred by the node

&. This frame is given to an plication or another 5

program because the destination MAC address matches

own MAC address c2. In this exanple, the franme sent

fromthe client Cl is determined to be the | CMP ECHO

REQUEST,. so that _the basic software of the client C2

cr EREIIRY tape EdmoSPotRebL ¥her aRdensdi hgangfers the

destination MAC address_cl and _the source, MAC address
%d§rﬁget €°W0%QeG§PE?H#SPOFFaﬁ€ thecRPgqGlpe At

main .Signal, frame.in the _foll.owing .descriptiopn. Th

no&gléQQ%ggéiy scpﬁggﬁréﬁemPPSnPPhEhﬁoaﬁFP R ?@biﬁﬁf?rEr a

Wien a:t.ag.to dded oyt put... RO, L ~Ar .

hench batioko iAeAde ando 2, SUbAULNERhigress ip ot

seeBwi-Ratehne expansion forwarding tag gl is advisably

addeg to ?he frame of the destination MAC address c

to transfehetl Rod8eGl Opbc@Dhés SEHEMOtnd Nepi{8€ ddrt the

Therefore, 20 t he node & adds the expansion

f omadndis Ngnhagfghme 0ok hEhefﬂéﬁﬁiﬁﬁﬂibﬁaéﬁi[‘:Sﬁé}iéﬁ th¢ g1

node 4. The node 4 receives fromthe uplink port the

mawhishgnal sénanérom the nedéi Gali andxpansigdidead a1

which is sent fromthe node Q.. And, the output port

i sindicatedhed whehdeseinationackpanskpansagnis agwm!

used as a key. Then, the output port to the expansion

- foRrddreshg Seathat thia| ewpanseentbaghes roemopedi andethe

of the
output port on the downlink side is searched with the

destination MAC cl used as a key. Then, it is seen by
the previous learning operation that the node having the
destination MAC address cl is connected to which port of
the downlink side. Therefore, the node Gl transfers the
frame to the downlink port to which the client C1 is
connected.

The client Cl receives the main signal frame of
the destination MAC address cl which is transferred by
the node Gl.  This frame is given to an application or
another program because the destination MAC address
matches own MAC address cl. This frame is given to an
application or another program. In this example, the
frame is given to the PING program in the basic software,
and the result of the PING command is shown.

Thus, the communication sequence between the

client C1 and the client C2 was described under the




10

15

20

25

-91 spanning tree T1, so that the node 4 transfers
the received frame fromthe uplink port to the node.
GL. At this time, no change is made on the frane.
Therefore, a tag is not added®r renoved, and the MAC
address is not 5 rewitten. The node Gl receives from
the uplink port the min signal frane of the
destination expansion tag gl which is sent fromthe
node G4. And, the address gl indicated on the
de§OPAatiion &kpandtohasagotspesmedoaadongstsimeoathar the
this expansion tag is renoved, and the output port on
t h&SGBWAREARDs P PrevienF cREBmMANL Rathens estVaaR| bhe
Then

MAC.cl us g as .,a, key. , It is seen b the -

prS&FSHg E a?ﬂgnBESpSFé?PBnC?ha?nﬁhghﬁoﬂéchéqﬂﬁﬁs?h%l of

desgtinati.qn &ﬁ? address ci,,i S _conpec eg to I ch port

of%&g ?%ée Swrilti AR sgﬁs.a4ﬂ£F8P093,°%h hﬁoﬂég%ﬂgo which

trapsfe €nqf &ﬁ ownl Lnk t.to. .which,th

client Eieﬁg C%o%%gg?ég.g eggggekﬁecgg¢e%%$5%§5t%% of the

MEDi8hgneh bhaTend!adibesdessi 821 LRD M 200 GiEck!

which is trans?erred %y 3 ?%e no%eg . ﬁ?g ?ﬁg%E F%e

i ¥efeh® 6P bADEhLShAPE PEcANPLALLR' B’ &PESAUSRe nodes

t he destination C address matches own MAC address

ciGiThosgdrane is given to an application or another

program In this exanple, the frame is given to the

Pl NG pr ogr@emuendenaN bbb iis sofdoming i &b ot sdimairsdl|Between

of the PING command is shown. Thus, the conmmunication

sethenckiert eknandethe | ¢kignt€l Carndhémetiod i AT @amvaing

descri bed under the
aging time which is previously set on a timer through an
equipment control program has passed from the start of
communications between the client Cl and the client C2
or from the start of the previous MAC learning aging but
a TAG learning aging time which is previously set on a
timer through the equipment control program has not
passed.

In this case, the MAC address cl of the client C1
and the MAC address c¢2 of the client C2 have been
learned, but it is set to retransmit the learning frame,
and the address gl of the node to which the client C1
belongs and the address g2 of the node to which the
client C2 belongs have been learned by each of the nodes
Gl to G4 in the same way as the sequence N112.

Here, an example in which the client C1 sends an

ICMP ECHO REQUEST frame to the client C2, and the client

‘C2 sends back an ICMP ECHO REPLY frame will be described.
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j 92 condition that it has not passed a long tine

after the termhation of previous conmunications

between the client C1 and the client C2, and the MAC

address cl of the client ClL aft the address gl of the

node to which 5 the client Cl bel ongs and al so the MAC

address c2 of the client C2 and the address, g2 of

the node to which the «client C2 bel ongs have been

| earned by_each of the_nodes Gl to G4. Sequence N113

i s a commuRi-E&ti ohhSefliéRBE Gét feads ap IGMP cECERt REQUEST
n the MAC |l earning _aging tine

and the cli.ent C2 wh A g
whi cFﬁmlesWGnlESli bas ¢ destanagiopnAc Rfofighagfl a source MAC

CoRfoRicxp Ghe BuiRBENCone ThiEnirete 4 THbied |G main

\ . [ MAC. | [ [
oL LOREL Beanelih Fhel POIRREYRE BelRrintREA 19 29 00,
¢ . : )
has not . pendchoby BYRRebOEvES L RTRRLE bR PEAIS ron
thenel 4eth1$Ax BBt harC R0 ESSH A% Haddie &Hld el S&put
have been 20 | earned, but it is " set to retransmt the

| epoptngrér 88Brch@ddwibR 8HEr 885t sha®ioh hEABOdEedOas a key,
which the client C1 belongs and the address g2 of the

node s mbenhftrbe théi BearfZnfethagsthavexpeesibgar ned
by each of the nodes G to &4 in the sane way as the
sefoewaedMig2tagsgtenay he addegl toi thehicimée hef cthent
Cl sends an | CWP ECHO REQUEST frame to the client C2,
andeshbnatient MACOaddnelss ba2 ktant f oML ECHD RElR: Yrdotanport

wi || be descri bed.
side of the tree T2. Therefore, the node Gl adds the

expansion forwarding tag g2 to the frame and transfers
to the node G3.

Because the frame which is added the source MAC
address cl requiring retransmission of the learning
frame has arrived from the downlink side, the node G1
broadcasts the learning frame having the address gl of
the source node Gl added as an expansion tag address to
the uplink side along the tree Tl. As a result, the
learning frame is transferred to both the node G3 and
the node G4.

The node G3 receives from the uplink port the
main signal frame of the destination expansion tag g2
which is sent from the node Gl. And, the output port is
retrieved with the destination expansion tag g2 used as
a key. Then, the node G3 transfers the received frame

from the uplink port toward the node G2 because the
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-93 First, the client d sends an | CVP ECHO REQUEST
frame which has a destination MAC of c2 and a source
MAC of cl to the client C2. This frame is called the
main signal frame in the foll ow ng description. 5.
The node G receives the main signal frame from the
downl i nk port. Wien a tag to be added and an out put
port are searched with the destination MAC used as a

k Pt I i . th '
B e R L e
d j j d 12 Lot h

oSz Snclicaifass 13ad B BOLBRRELHIE b0k

t hehigxpamsl, Onof ehaakdl 18 hLaded2 tbothBe riLARE refore, a
transfers to the node G3. Because the franme which Is

addeq tisenseuaddelPor Femadedgsandl thedMALI BHdress is not

retransm ssion of the learning frame has arrived from

t heedewnlitenk side, the node G broadcasts the

| earning frame having the address gl of the source

node Gl ad@eeé nedenGaxpensivest tige atleaesing oframe which is
uplink side along the tree Ti. As a result, the 20 :
| eBPRENGYT EBAenPget fAnstemr tHet upbink shdenadé C8leauns

t he_node, 4. . The node G3 receives fromthe uplink port

-t hEhakathesrihgrts AnkavingnthaedAf naddsasexginsson

{2 Reahohcle' Sa2 b Lk DS i crida S iohaving the

B oh e AR 8010 e M N0 T R cne

to&@ﬁgeﬁgg Qfdfeg¥nP§§agﬁetﬁgeclient Cl from disappearing
from the node G3 by aging. At the same time, the
received learning frame is broadcasted to the uplink
side along the tree Tl. But, the tree T1 is interrupted
at the node G3, resulting in no transfer of the learning
frame from the node G3 to the next node.

The node G4 receives the learning frame sent by
the node Gl from the uplink side and relearns that the
client Cl1 having the MAC address cl is connected to the
downlink side of the node Gl having the expansion tag
address gl. This relearning prevents the contents of
learning on the client Cl1 from disappearing from the
node G3 by aging. At the same time, the received |
learning frame is broadcasted to the uplink side along
the tree Tl. As a result, the learning frame is

transferred to the node G2.

The node G2 receives from the uplink port the




10

15

20

25

| cI?@ﬁFl@P

-94 output port to the expansion forwarding tag g2 is
al ways set to the root port side of the spanning tree
T2. At this time, no change ig;added to the frane.
Therefore, a tag is not added or renoved, and the MAC
address is not .5 rewitten. The node G3 receives the
learning frane which is .sent by the node G fromthe
uplink side and relearns that the client C having

{alfHCeadags 2ol Be £RATAELEYNLG bHCCORURLLEL £hdo)

€ no t he "10 "expansi on a ress

T hwmﬁl gar Bleﬂ@ E!’r%ﬁne%hé hBRe &9Nt ezm Qfpnd %&é‘:’&g@%

the client from di sappearing” fromthé no
aghﬁﬁlcéEeHthSQHE Hégﬁanbhﬁonr@ﬁﬁhﬁgﬁthEEB'EQ Bﬁﬁne
IS broadcasted to the uplink side along thé tree

Bukaddirbesi,r e {hatsthét@kpdﬁb@dnléaét1§h§eﬁ§68dcaand the
resulting in no transfer of the learning franme from

t heunhpdé GBrtoohheheedbwndfifnk shdenbgdes&dreredi weEht bee

| earning frame sent by the node G fromthe uplink
si deshhdatiébraMA€ cRatusetieaschi kay. OTHeay, nit tixe SME@ by
address cl is connected to the 20 downlink side of the
notiBe Prauipng laaraipanepenatign hidat ebbe ghoddhhaving the
relearnlng prevents the contents of [|earning on the
+PBMYE safdears ng2 f tBnFemrechRdetaavibich port of
kﬂ?' At the sa the received | earning frame
odaraiinl £ ?her'rrﬁ}‘ﬁﬁ'erﬁ{”%‘?fdé: ha angle &2 tth’-'é”’csrfé‘é's the
TI e ar ni ne Jis sferr
thgréﬁ et EH%H@”W%@%nEQPO¥€CE?V l??cﬁﬁ?féi&ﬁﬁ?n
POLbnhdEted.

The node G2 receives from the uplink side the
learning frame sent by the node G4 and relearns that the
client Cl1 having the MAC address cl is connected to the
downlink side of the node G1 having the expansion tag
address gl. This relearning prevents the contents of
learning on the client C1 from disappearing from the
node G3 by aging. At the same time, the received
learning frame is broadcasted to the uplink side along
the tree Tl. But, the tree Tl is interrupted at the node
G2, resulting in no transfer of the learning frame from
the node G2 to the next node.

The client C2 receives the main signal frame of
the destination MAC address c2 transferred by the node
G2. This frame is given to an application or another

program because the destination MAC address matches own

MAC address c2.
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_95. main signal frame of the destination expansion
tag g2 which is sent fromthe node G3. And, the ‘
address g2 indicated on the dggtinati on expansion tag
is owmn address, so that the expansion tag is renoved,
and the 5 output port on the downlink side is searched
with the destination MAC c2 used as a key. Then, it
is seen by the previous |earning operation that the

node haVingnt@ﬁisd§§EhF§%¥O@PE€§ggﬂgrSéétg?géﬁ the client

connected to which por wnl In
Th@neﬁgraetbkﬁi&QGEtEber%ﬁ§f&tﬁptEeHéOREb%EETEOSSh%hat

downl i nk port to which the client C2 is connecte

Theheobas@e sefewuee bfokheheldphink2ste#8atB8 an 1cMP EcHO
| earning frame sent by the node 4 and rel earns that

t hREPTYi émam€l olfathegdebeivACiaddMagsagtresscennaatiedhe .
to the 15 downlink side of the node GL having the
expgansicenMAfgaddadsess2gandTeesdseteathengofdeeg2nt SThis
the contents of Ilearning on the client G from

di §5ppeaiPngaiierh the maddestanby fiyamg. iAt thhefohhewing
time, the received learning frame is broadcasted to
thggﬁﬁFFﬁklgﬁde along 20 the tree Ti. But, the tree

Ti is interrupted at_the node @&, resulting in no

transfer ofR§ h‘éo‘g‘:éa?%iﬁ%cﬂ“é?n% theframe Heer @etq)ovlmlink
h t de._ Th i ent [ th [ [

f rBRBEL; WIS o Y i i, Ae Dt CE, Gt dire

b . .S [ [ t ey .

DyshAfcROdRLeh (e dOLEIAEEIEN fad NE0a | 2s T oy s

MASe@HUERSE OB COESaf¥on ME-GHHE £35S €44 gl may be added

to the frame of the destination MAC address cl to
transfer to the root port side of the tree Tl. Therefore,
the node G2 adds the expansion forwarding tag gl to the
frame and transfer to the node G4.

Because the frame having the added source MAC
address c2 requiring the retransmission of the learning
frame has arrived from the downlink side, the node G2
broadcasts the learning frame having the source tag
address g2 ‘added to the uplink side along the tree T1,
As a result, the learning frame is transferred to both
the node G3 and the node G4.

The node G4 receives from the uplink port the
main signal frame of the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.

Then, because the output port to the expansion.




- 10

15

20

25

96 In this exanple, the frame sent fromthe client

Cl is determned to be the | CMP ECHO REQUEST, so that
the basic software of the cliggi. C2 creates an | CWP
ECHO REPLY frane of the destinati on MAC address cl
and the 5 source MAC address c2 and sends to the node
&. This frane is called the main signal frame in the
foll owi ng description. The node & receives the frane

f wnl. i_nk W be_added and

out i SRR £ 24 g 108 aniHT P e §BS: FRAE BRZfne de of
[ t t ' .

?2?&5?%?%8%?§8 E%eggglgg%ggdgghetgﬁt%é%ﬁ?%#%@ththecelved

desgtapat | a 0 S ha+ro .
borone roopBet SRy, BorkorobhothE hBdblBIl oy ehis

theimspansi ehahgeWakdinRdet 88 Bhet @rhii8. 15T ATRADD o +
transfer to thegnode 4. Becausg tﬁe frame havi ng iﬁ% ag

addednseuaadelNor 2ef60ed,CanAegHEr MAO hBBress is not
retransm ssion of the learning frane has arrived from

t heedowhtenk side, the node & broadcasts the

| earning frame having the source tag 20 address g2

added t o tBeeupbiekGsi deceives tihe teaeniig frsma sent by
result, the learning frame is transferred to both the
notike BodadGR hEravdehequpThek nsiide Gand ecel 9asns r that hehe
upl jpk port the, main signal frame of the destination
exPah€PbnCt afagingstie fAE r adedrass nodel Eoconppectedeto the

e AMERE ST WU (N

oué@&fe§8r52§()fﬂ¥%(¥(zgggﬁgkg prevents the contents of
learning on the client C2 from disappearing from the
node G4 by aging. At the same time, the received
learning frame is broadcasted to the uplink side along
the tree T2. But, the tree T2 is interrupted at the node
G4, resulting in no transfer of the learning frame from
the node G4 to the next node.

The node G3 receives the learning frame sent by
the node G2 from the uplink side and relearns that the
client C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. This relearning prevents the contents of .
learning on the client C2 from disappearing from the
node G3 by aging. At the same time, the received
learning frame is broadcasted toward the uplink side
along the tree T2, As a result, the learning frame is

transferred to the node Gl.
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-97 forwarding tag gl is always set to the root port
side of the spanning tree Ti, the node 4 transfers
the received frame fromthe ugdink port toward the
node G. At this tinme, no change is nmade to the
frame. Therefore, a tag 5 is not added or renoved, and
the MAC address is not rewitten. The node 4
receives the learning frame sent by the node & from

t he uplinkngid d.relearp hat th client. C2

havi ng theTEﬁngggrgésrggefée%oﬁﬁggtgaetgpiﬁgklaort the
dowalink ;s e k0 ' -t he LQn O.1
adirans S, Frang oD Ehe el Ethal bl e RERARILR 91

| C4hEROIaNskRE ErbANtNE2nbEBMLAL SAREATLNY JdARLD%G)
node 4 by aging. At the sanme tinme, the receive

| eanatipgtbagh ithebHeadeastednt 8xpARsHBhI BhgSideoghong

15 the tree T2. But, the tree T2 Is interrupted at the
nodddré&ds,r esukhamgthisnexpaassbar taf LherbRav8dNdand the
frame from the node 4 to the next node. The node G3

r ecetpus phetl ear thagdbwalknkesidbyist beanoned Giithothe
the uplink side and relearns that the 20 client C2
hadeaginatinpnCMAGdeésused &s aokepct etham, tite idowddmiby
side of the node G having the expansion tag address
g2thehpreyipaar AEAGN hREvepesat hen cohebntke ohode chavnimg the
on.the.client C2 fron1disapfearing fromthe node G3
bydefFhgatapn HACsaddressecl 1 he FeRrReGEed 2t0 | eieh eprt of

{160 ASRLSEOEENE? M, M4 1 LAY e

trfPéégrﬁgdtﬁg &gﬁnffgf é%rt to which the client C1 is

connected.

The node Gl receives the learning frame sent 5y
the node G3 from the uplink side and relearns that the
client C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. This relearning prevents the contents of
learning on the client C2 from disappearing from the
‘node Gl by aging. And, at the same time, the received
learning frame is broadcasted to the uplink side along
the tree Tl. But, the tree T2 is interrupted at the node
Gl, resulting in no transfer of the learning frame from
the node G1 to the next node.

The client Cl receives the main signal frame of
the destination MAC address c¢l which is transferred by
the node Gl. This frame is given to an application or

~another program because the destination MAC address
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~98_ The node Gl receives fromthe uplink port the
mai n signal franme of the destination expansion tag gi
which is sent fromthe node (4gg And, the address gl

i ndi cated on the destination expansion tag is own 5
address, so that this expansion tag is renoved, and
the output port on the downlink side is searched with

"the destination MAC cl used as a key. Then, it is

I j I [ ti th th
ageheg, Wal I sl A1l PRCERL: “Peamblae g FEeme
whizGh ' s h A :
R S e e e L T
whichl tReuahi 88t thd pINcCEBARELATisTRRLRRIE Gl
receives the learning frame sent %y tﬁe node G3 from

the uplinkrhig¢ 8nd teh@anisatioh tB§ueddeChiéfPlet2the

having the MAC address c2 is connectéd to the downlink

si aeiehtt lve aadethe baieng Chewaxpasstenbéadunaddr €ne
g2. This relearning prevents the contents of |earning

- oncbhditlipenth@2 MAGnildasappgaaghggf toimet peevhodel @ set on

by aging. And, at the sane tine, the received 20

| edr hAWgrf Ehneugh bheadguipwentocoherapl pnhgsamdechas opgssed
the tree Ti. But, the tree T2 is interrupted at the
noBEteritheestiprtngfi pomsurigatiens obetween cbhaj glient C1
frame from _the node Gl to the next node. The client
C]anchLQegliﬁ%tnﬁ?n°§iER%IsFﬁﬁﬁeogfthQSPF%%lous MAC
destination_MAC agdge S qéA€h£Ch is transferred by

t he“AbBd"E 29T PP F alee i VRPN AnASHRY i BHRF on or

ANGELGLoRLPPT 0L PEEASE LReHoBhIBR OIS RSN SSE
control program has not passed.

This learning frame retransmission operation is
performed to prevent the contents of address leaxning'of
each relay node from disappearing by aging in an
asymmetrical network. This operation makes it possible
to send an asymmetrical main signal frame to the
Ethernet while maintaining the learning information.

Although the foregoing description has been made
of PING, other frame transfer can be executed in an
ordinary manner after executing the foregoing learning.
| The node G4 in this operation éxample can be
replaced with node E4 which has a simplified structure
of the node G4. The simplified node E4 is different from
the node G4 on the following four points: (1) not having
the memory duplicate information 3013, (2) not having

the MAC forwarding table memory 2043, (3) not having the
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-99 matches own MAC address cl. In this exanple, the
frame is given to the PING programin the basic
software, and the result of t%@_PING conmand is
shown. Thus, the communication equence between the 5
client A and the client C2 was described under the
condition that MAC | earning aging time previously set
on a tinmer through the equi pment control program has
after the start of communi cati ons between the

Sl%%%nélng DAY APREeRL; Bﬁpgéi‘moﬁolzhénﬁt SﬁiGBrmFﬁe:”osr and
0.l . arnin
géﬁ\é"ﬂgﬁeSesﬁéegﬁﬁrg%ggs?%ﬂg BBe: LAGFALRE o EEAREe
o g (THEAL T8 SBCaHn LIRSSk BRSRSTe IBLR1S e
t°eﬁbgﬁﬁﬂénihglignﬂgngaseglﬁggr§§§g|f@f@f@ﬂ?%ftolﬁlg. 39.

each ay no rom di sappeari ng

asymmet ri caf gNesyoL K. o THeGuoREs i é&ﬁk«a%oﬁn Qéﬁéb'e
for

to send an aSymmetrical maln signa rame to t

Et bgeheh éhbfefBEMQEabétﬁgehhﬁhéeﬁﬁﬂiﬁﬂduaiOﬁﬂaééOQnd the
Al't hough the foregoing description has been nade

of cPiées ovhen fheneliéﬁﬂStErséﬂ@sbBIEGeEMQBﬂSTnt@ncllent
ordi nary manner after executing the foregoing

| e@B nang. tThechbelt G413 i sehds sbapler BINGrREXGEYPEE® €he dEient
repl aced with node E4 which has a sinplified structure

of Ci he Thode imt detisemiingy id9 eypansde dbd exangilief &r.ent

from25 the node G4 on the follow ng four points: (1)

not havi ngt? e mamgneRIMS Eike i 3F orwhan dgheoxsle (G4, the

MAC forwardi ng table menory 2043 3
28%0& V¢£g Q% the node G4 aregthe same as y he nodeé gn the

sequence of Fig. 38, the node G3 is replaced with node
S3 which is an existing ordinary Ethernet switch.

The existing node $3 is different from the node
G3 on three points: (1) not having the tag forwarding
table memory 2041 and the tag forwarding table memory
70131 which is a table in its memory duplicate
information 3013, (2) not inserting or removing the
expansion tag to or from a particular destination MAC
address, and (3) not sending or receiving the learning
frame.

Sequence N121 is a communication sequence between
the client Cl and the client C3, which is an operation
immediately after the startup of a network operation or
after a lapse of adequately long time after the
termination of the previous communications between the

client Cl1 and the client C3, and MAC address ¢l of the
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-100 | earni ng managenent program 302 and the tiner

306, and (4) not sending or receiving the | earning
frame. Then, a second operath% exanple of this

enbodi ment wi || be descri bed mnth reference to Fig..

39. 5 Fig. 39 is a sequence di agram show ng the
exchange of frames between the individual nodes and
the clients. when the client Cl sends PI NG -REQUEST to

f neensttaddiesd (6" pe 3, %%Eisitgi‘:k jehatheyclient C1
nodsiehic®; ghd Mhc, MRERERRE of shelriiree he" exfungs

$28|e%%§%ﬁ b, eden SRICEACRaAL B (AR nbdE BICOLEE h3de s3

Et Bﬁﬂn%hes%H%hG4TheH§féStéﬂgeﬁl%?ﬁl<§3 ?%Qnot el?ﬁe Cllent

fromthe node 15 G3 on three p

t helt agnlier war dche EtﬁblﬁE BBIY £20Me %BdthEeciéent c3,
forwardi ng table nenory 131 which is a table inits

meemdy tiepkidane cefQéﬁmiegnbaQEBan(2¢MPOECHGSﬁErLﬁgframe.
or renoving the expansion tag to or froma particul ar
desti nati oRid8E, Bheadbiens,Chnselds bottkendlgn®rc3 the
receiving the learning frame. Sequence N121 is a

cokfiliRi BEEPOREQUEE@nErabet heeingt hedestinat ChnaMaCt b2 ¢3
client C3, which is an operation imediately after

t handt ar sOpree MAGepfiork. ofria ifreme wisl lafher rrefdryssk to
of adequately long tine after the term nation of the
pr&%i bie Rehtupie ?ioﬁ%a%%thﬁeﬁh%hEOI%?Whﬂg deseRtptien.

ss, ¢l _of
client G3, qgchggg:éfkgééelves the f}ame from the downlink

port. A tag to be added and an output port are searched
with the destination MAC used as a key, but the search
does not make a hit because the learning on the MAC
address ¢3 has not completed. Therefore, the node Gl
broadcasts the main signal frame along the tree T0. At
this time, no operation is made to add or remove a tag
to or from the frame. As a result, the main signal frame
is transferred to both the node S3 and the node G4.
Because the frame which has én unlearned source
MAC cl added has arrived from the downlink side, the
node Gl learns that the MAC address cl is connected to
the port on the downlink side and also broadcasts the
learning frame with the address gl of the node Gl added
as an expansion tag address to the uplink side along the
tree Tl. As a result, the learning frame is transferred

to both the node 83 and the node G4.
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-101 client Cl, address gl of a node to which the
client G belongs and MAC address c3 of the client C3
are not |earned by each of thg,node G, the node @&,
the node S3 and the node 4. re, an exanple shows
that the client 5 G sends an | CVWP ECHO REQUEST frane
to the client C3, and the client C3 replies back an

| CMP ECHO REPLY frane. First, the client d sends to

Lne o1l entetd 0o 4P ECLQ FEQHEST [LATE P b8, ene
frﬁ?ﬁn“%kbpgf f?gﬁérﬁﬂléﬁllgo aﬁrégs tﬁ éﬁgngés£{$%€lon

OW ng descri recel ves

frage Esoguhpesdgwni hoky %&é’rél A 2 g o1 rtfédd%ea:ﬁélme

an output port are searched W th the destindtio

usgddagsdede¥o bHE &é@tfﬁﬁfbn HOESad@te§8KEL & dhtns that
because the | earning on the MAC 15 address c¢3 has not

cofpl &6 eddvibebbé ot 6, sélhi@ BOUEn& up PIWRASESE Std Ngn 1@ Nehe
signal frame along the tree TO At this tine, no
operd¢ i Gh is cenwected addmi, AR \GRtpUtAorito iy sidadi®hed
the frame. As a result, the nain signal frame is

-t reibch etheddest boa i ohaiA® de3 Sisexhcas he kede W&t 26

Because the frame which has an unl earned source MAC

ci Sy dres aret veake rarihdoerause ihesikearning owdhe

G: learns that the MAC address ci is connected to the

pdfAC dFRS Y own| Ratk R MR ted: bTosTeEOre ﬁée node G4

SIS N L1520 cae gl of She node @ ena the

G AT 8 oL L RS 1o

(;hade to add or remove a tag to the frame. As a result,
the main signal frame is transferred from the uplink
port to the node G2 along the tree TO0.

The node G4 receives the learning frame sent by
the node G1 from the uplink side and learns that the
client C1 having the MAC address cl is connected to the
downlink side of the node Gl having the expansion tag
address gl. This learning upon the arrival of the
learning frame takes precedence over the above-described
learning upon arrival of the main signal frame. Thus,
when a frame addressed to the cl is received from the
downlink side from then on, the expansion forwarding tag
gl is added to the frame so to transfer to the root port
side of the tree T1l. At the same time, the received

learning frame is broadcasted to the uplink side along

the tree T1l. As a result, the learning frame is




10

15

20

25

-102 The node 4 receives fromthe uplink port the
mai n signal franme which is addressed to the
destination MAC c3 sent from{jde node G. At this
time, the frane addressed to the destination MAC
address cl learns that 5it is advisable to send to
the uplink port to which the node G is connected.
And t he out put port is searched wth the destination

h d k
h| t glgg%‘s?%et%ﬁ t%ﬁ ear mn?:ét t(rfJ}t heseﬁl/lrﬁ\g adSEZSQOESmﬁag :
0
the main ShosaPoR, 62 FeeedEsy 2E8n oty quBRERRcBEER, che

ON i AQWATNK rBide adfirelsBed oM ”BeQEEEgEEBB MiF c3

made to add or renove a tag to the fra

t heeii FrongRAe hoEER S tABNEREEretd! 00 tDe 1PhiAKA that
port to the node & along the tree TO. The node 4

r eadiev €3 -ainee addzerised toathesabbtinatiba RAade a@irbssmc1
the uplink side and learns that the client d having
t hmaMABeaddnés soclthesupthnkcpedtt aot WhicHovhki Akdei de is
of the node G having the expansion tag address gl.
Thiconneatedng Apdn the eutpwhlpart tie f9arazedingth the
frame takes precedence over the above-descri bed
| ePRFAGatHOR MAFI ¢dl usedt B8 AakaYsi gutl theasearThudees
when a franme addressed to the_cl is received fromthe
doRﬁFi nRkei 8 ehFFoﬁﬁFﬁEﬁeoﬁhetﬁ@aéﬂﬁﬁﬁspﬁnth@rMﬁ?dﬁﬂ@réss
dded ge frame so to transf to th
[ of? ﬁs&ng EPRL8redhe ThereSare o the dodind .m%oadcasts
e r fra s, bro ast ed
upﬁl%kﬁ§# %P%ES Eraﬂe £onEhe treeaga 3 tﬂe port on the
downlink side. At this time, no operation is made to add
or remove a tag to or from the frame. As a result, the
main signal frame is transferred to the client €2 from
the downlink port.

The node G2 receives the learning frame sent by
the node G4 from the uplink side and learns that the
client Cl1 having the MAC address ¢l is connected to the
downlink side of the node Gl having the expansion tag
address gl. This learning upon the arrival of the
learning frame takes precedence over the above-described
learning upon the arrival of the main signal frame. Thus,
when the frame addressed to the cl is received from the
downlink side from then on, the expansion forwarding tag
gl is added to the frame to transfer to the root port

side of the tree Tl. At the same time, the received

learning frame is broadcasted to the uplink side along
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the tree TI. As a result, the learning frame is - 103
transferred to the node Q. The node & receives from
the uplink port the nain S|gn¢J frame addressed to
the destination MAC c3- sent Sm the node G4. At this
time, it is learned that 5 the frame addressed to the
destination MAC address ci nmay be sent to the uplink
port to which the node &4 is connected. And, the

out ort |s searched with the  destination MAC c3
éﬁ‘eaﬁ‘&ek - pBtynEheehFeR Tbeds HBEeRrERRtadnat the node
on the

b h MAC ad 10 ¢3 h
coNpIrotEEY fﬁgﬂ%‘rz%? o FrahSsiy o3 bresdeagping frag from
Si glng'lﬁe fdzar{g)et%&: %ﬁ&r ?) TO and the port on the

no operation is nmade to

add or reppuecqiLag &9 2 %cgﬁggktg efﬁgggkﬁggngl frame of

result, the main signal frame Is trans

Clhﬁatdg%tﬁhﬁﬁh%ﬁ Re é@“@khﬂ%feegbd ER tﬁ@dﬁo§§ 2 but

receives the learning frane sent e node rom

t haigphkirak &tdgeaadsbeehasdéseanhhionChh@nhdé%eB§Vaaas not
the MAC address ci is connected to the downlink sid

of mahehnoda HAChaddpgsthe2expansion tag 20 address gl.
This |l earning upon the arrival of the |I|earning frame

t akes precEbensedevsd téeeibbesecthesmaibesighahr firage
upon the arrival of the main signal frame. Thus, when

t hadfirafseddipetbeddest ihatibni BAEecai sentf £oamt hke node

downlink side fromthen on, the expansion forwarding
taglzs A #%l%d@mﬁ:t ot Hes fkearnad thainsthe framehaddressed

root port  side of the tree T1l. At the sane tine, the
reE gg destination MAC address cl may be sent to the

port to which the node Gl is connected. And, the output
port is searched with the destination MAC c3 used as a
key, but the search does not make a hit because the
learning on the MAC address c3 has not completed.
Therefore, the node S3 broadcasts the main signal frame
to the tree T0 and the port on the downlink side. At
this time, no operation is made to add or remove a tag
to or from the frame. As a result, the main signal frame
is transferred from the downlink port to the client C3.

The node S3 receives the learning frame sent by
the node Gl from the uplink side and broadcasts the
received learning frame to the uplink side along the
tree Ti. But, the tree T1 is interrupted at the node 83,
resulting in no transfer of the learning frame from the
node S3 to the next node.

The node S3 can receive the learning frame to
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| earning franme is broadcasted to the uplink side al ong
- 104 the tree Ti. But, the tree Ti is interrupted at
the node @&, resulting in no transfer of the |earning
frame from node @ to the next®®hnode. The client C2
receives the main signal frame of 5 the destination
MAC c3 transferred by the node & but discards it
because the destinati on MAC address does not match

own MAC addr%§s c2. The node S3 receives the nmain

si gransteznthe, frapesby ther retwork FantsplVRECgTaBeR04

Is | earned that

nB%t: 23ERaiarbdats cablen é%éte??ne%’ﬁ&ﬁlo RYMEBSadB8RER4NG;

cotriBoRehg, BrobRambdbg e harines tEc BRenat kPO, AE the
ot Soarvell il | HIEReR3rd, {Eoatior diF TERRRC £P5R the
addeashifg @ﬁﬁm@okhﬁenEhgfE?ienzhéggﬁgggngtgﬁe?@ggngﬁdress

broadcasts the main signa rame ree

- theipekt ceinkBeedowsl LRK abfR1ifk sifbSoki FRe RBde G1

operation is made to add or renove a tag to or from

thhaﬁiﬁgEthéSeﬂp&ﬂﬁﬂbh,thP?aﬂakés§i§Da| frame 20 is
transferred fromthe downlink port to the client C3.

The node SBhe eckiems Cherdéeadvesothe an®isedigiyl fhdne of
node G fromthe uplink side and broadcasts the

r ethévédstinanion MAGnaddveshecBiptiaks Sexteedl byngthédenode
tree Ti. But, the tree Ti is interrupted at the node

S353 25 RBacmnay ridig slendinatiisire MASF addrdssamstaids v MAC

fromthe node S3 to the next_ node. . .
address c¢3, this frame is given to an application or

another program.

In this example, the frame sent from the client .
Cl is determined to be the ICMP ECHO REQUEST, so that
basic software of the client C3 creates an ICMP ECHO
REPLY frame of the destination MAC address cl and the
source MAC address ¢3 to send to the node S3. This frame
is referred to as the main signal frame in the following
description.

The node 83 receives the main signél frame sent
from the client C3. At this time, it is learned that the
frame addressed to the destination MAC address c¢3 may be
sent to the_port on the side to which the client C3 is
connected. And, when the output port is searched with
the destination MAC used as a key, it is seen by the
previous learning operation that the frame addressed to

the destination MAC address cl may be transferred to a
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The node S3 can receive the learning frame to -105
transfer the frame by the network control program 304
but cannot update table |nforqﬁ ion by the | earning
managenent program 302 accor di é to the contents of
the received frane. Therefore, it cannot be |earnt
fromthe 5 learning frane that the client O having
the MAC address <cl is connected to the downlink side
of th% node G . having the expanS|on tag address gl

Th®EY & vl che ddie, &oden &1ndisn conggstt -arﬁ%h'é?ef?ﬁ%: the
O Hdh SRS B Fh2: FEaonbon hhP 80 Talron oun

o ot nefn noll & f%gf@glllgagxgﬁgp@gg{jﬁgigggh&ggt@gn
fr%@a‘h@%e‘i’lr'eﬁh'by @ixg %oggt gsm ngd EI91$ 1{.#{2}3 ¢ len{'g gel%rned

REQUEST, asic softmare
Creahestfl rEiReESHE-BEBRY EBa %gingﬁib ﬁhboﬁdgress

MAC address ci and the source ress c to se
thmaa?Oﬂ@ §§ntTEbSafFBHE ohsthéf§E88dtbowﬁ§chh€hgah8de
signal frane in the following description.
nogd $8 cenneveedtheamdj niiségnete fdﬁ’@a@%ﬁrt fwraéé&ﬁ:hed

client C3. At this tinme, it is learned that the frane

adﬁméhséhetdeBhendtsbnnHACous@%caaddrRay,cstnﬁy b&en by
sent to the port on the side to which the client C3 is
cohhecpregvignd, lehzningeoperptiopothatstheafcime addhessed
25 the destination MAC used as a key, it is seen by

t h&o Ehﬁv%%lné‘aitﬁnn@@pé@@r%ﬁ ehamayheef tuaesferred to

addﬁesa i
e downlink port on the side to which the client Cl is

connected. Therefore, the node Gl transfers the frame to
the client Cl.

The client Cl receives tﬁe main signal frame of
the destination MAC address cl tfansferred by the node
Gl. Because the destination MAC address matches own MAC
address cl, this frame is given to an application or
another program. In this example, the frame is given to
the PING program in the basic software, and a result of
the PING command is shown.

Thus, the communication sequence between the
client Cl and the client C3 was described under the
condition that it is immediately after the start-up of
the network operation or it has passed a long time
sufficient from the termination of previous
communications between the client Cl1 and the client C3,

and the MAC address cl of the client Cl, the address gl
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the destination MAC address ci may be transferred to a
-106 port to which the node Gl is connected.

Therefore, the node S3 transﬁﬁhg the frame to the

node Gl. The node Gl receives e main signal frane
transferred by the node S3. At this tine, it is

learned 5 that the franme addressed to the destination

MAC address c¢3 nay be sent to a port on the side to

mhich the node S3 is connected. And, when the outg

poFt ithes agdende Wﬂ#ﬁh the gddensaCilobelmagssaadaglgo the .

seen _by previ ous | earni ng gperati_on

ﬁ?“%r%ngﬁgﬁe &d&Fe§§edCieePG Fﬁeaa@spp atlPARNRACPY each
SRR Tl 18" Bofente:bre e ot €8 o3l .
Ther ef or e, f he f {0t |
cli ent OE:T S[?ﬁﬁeﬂ .ggﬁ 1 1P eRefolnitfeahiPR ePgnapbe bevween
freme 9&1e§% Eﬁeﬁ@ﬁSEggahzggngggéagﬂgﬁsitchaPI not. passed a

transferre cause thed

MACoaddEema aakekeﬁhemeekﬁghaéﬂgﬁeaﬁ Ehe beéléﬁéﬂe I's

given'to an application or another program

exadphanitheibhaBetfe8hVeRet 81iLAE EthhBrEEéaali@nt c3,
the basic software, and a result of 20 the PI NG

coamdnthesMaioaidrébescit b€ thenubDieAti oD sfqUERE€eaddress
between the <client Cl1 and the client C3 was descri bed
ungér ofhthecnadet tonwhhah theislientdCatbéYondsehatdebeen
start-up of the network operation or it has passed a
| ohgarnaé bg sachi efehhefnodet @k, t thei nadeod2pfthe node S3

previous comrunications between the client C and the
C|§gqtthg node G4 and also the MAC address c¢3 of the

client C3 has been learned at each of the node Gl and
the node S3.

Here, an example in which the client Cl sends an
ICMP ECHO REQUEST frame to the client C3, and the client
C3 replies back an ICMP ECHO REPLY frame will be
described.

First, the client Cl1 sends the client C3 the ICMP
ECHO REQUEST frame having a destination MAC of ¢3 and a
source MAC of cl. This frame is referred to as the main
signal frame in the following description.

The node Gl receives the main signal frame from
the downlink port. When a tag to be added and an output
port are searched with the destination MAC used as a key,
it is seen by learning that the frame of the destination
MAC address c¢3 may be transferred to the port on side of

the node 53 without adding the expansion forwarding tag.
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and the MAC address cl of the client Cl, the address

gl - 107 of the node to which the client O bel ongs

and also the MAC address c3 of the client C3 are not

| earned by each of the node A% the node &, the node
S3 and the node 4. Sequence N122 is a comruni cation
sequence between 5 the client d and the client C3
when it has not passed a long tine after the

term nation of the previous comrunications between

t h&hgredfinreG tdved node 61 dist t€3nsfamtedhesMA€ daddtesshe
cl of the client Cl and the address gl of the node to
whivgH iftke panitefie @hisdl ¢hgs negee SBeds coonesiedewiphout
each of the node Gl, the node &, the node S3 and the
no@@ré@rgﬁal%a@o OPRE abACTa ey 868 ©F FEMONE acrtﬁenttocsr

been Ie ned at_ea of the npde,G and the nod
Sfrﬁ& e e o AETRRLR EAmenovE | e bpaThn st%t the

o ERe addrese .9§E§§a%ba2ﬁef%w 3Eihn @EEL%‘:&PF 35 Girmay be
Co MR At R T BeF] AT, 38005 DRl £
NAglggnQBanqsacggngggége MAC of cl. This frane is

referred to as the main signal franme in the foll ow ng

descri pti odheTHEAB09® £lcbLGEEVERet A8 ABEY ﬁhgnffame sent
frame from the downlink port. When a tag ?o be ad

andram ehbpubdepGll axke siehs chite W ith idhergbsdimad i lanat the
MAC used as a key, 25 it is seen by learning that the
f r fmemef atileedsetli hat the d&B€iaddieasMR@ adgrées cl may be
transferred to the port on side of
sent to the port on the side to which the node G1 is
connected. And, when the output port is searched with
the destination MAC used as a key, it is seen by
learning that the frame addressed to the destination MAC
address c3 may be transferred to the port to which the
client C3 is connected. Therefore, the node 83 transfers
the frame to the port on the side to which the client C3
is connected.
The client C3 receives the main signal frame of
the destination MAC address c3 which is transferred by
‘the node S3. Because the destination MAC address matches
. own MAC address c3, this frame is given to an
application or another program. |
In this example, the frame sent from the client
Cl is determined to be the ICMP ECHO REQUEST, so that

the basic software of the client C3 creates an ICMP ECHO

REPLY frame of the destination MAC address ¢l and the
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t he node S3 wi thout adding the expansion forwarding
tag. -108 Therefore, the node Gl is transferred as it
is to the uplink port to which the node S3 is
connected wi t hout perforninglg ‘operation to add or
renove a tag to or fromthe frame. At this tinme, it
is relearned that the 5 frane addressed to the
destination MAC address cl nay be sent to the
downlink port on the side to which the client O is
CoFRAEICEd MATh @ddage sSe3r andi Bendshé&onkhs B8pgeal3f.r dheis
sent fromthe node GL. At this tine, it_is relearned
t hFaRe 151 FefeIredadifr 85s&fer BatRe SdgBpindtrpg WRCthe

d I be. t toth t. th ide to
3h%@ﬁi?w§nﬁg§ S@§lgggoeognec$e8?rAm8? mhgnslh: out put
t i hed .wi the.dest| ti MAC d
Poy i1 1 othEIRBal! 57 £bdgipes| LRE haf i aHEE (e BEng sent
to. \ i C 3 .
{ P£cBf, HEL ERTERRICHLE AP AL OB D 1R D%eteprned that

COQEQCE%QmeTQaaeﬁeésd LBetﬂedaeﬁéghéeg BeﬁﬁcC§88F§§§”33

to the port on the side to whic I ent

copagchedsehbets! tRAt p6B+L 8ACLMBSsEAE 8BI PhEtANBhe client
frane of 20 the destination MAC address c3 which is

trapster cofinbytetibe Andle Witen Batausergdite plesi i atdedrched
MAC address matches own MAC address c3, this frame is
gi wvéhht bhandeapphathbnoMAOr uaadt Asr apkegy aiit is sdés by
exanple, the frane sent fromthe client 25 d is
detbenpreuwions bteahpinEVPPECHOLRECLEST, the fhame addressed
basi c software of the client C3 creates an | CMP ECHO
to the destination MAC address ¢l may be transferred to
the port to which the node Gl is connected. Therefore,
the node S3 transfers the frame to the node Gl.

The node Gl receives the main signal frame
transferred by the node S$3. At this time, it is
relearned that the frame addressed to the destination
MAC address c3 may be sent to the uplink port on the
side to which the node S3 is connected. And, when the
output port is searched with the destination MAC used as
a key, it is seen by the previous learning operation
that the frame addressed to the destination MAC address
¢l may be transferred to the downlink port on the side
to which the client Cl is connected. Therefore, the node
Gl transfers the frame to the client Cl.

The client Cl receives the main signal frame of

 the destination MAC address cl which is transferred by

the node Gl. Because the destination MAC address matches
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REPLY franme of the destination MAC address cl and the

-109 source MAC address: c3 and sends to the node S3.

This frame is referred to as the mai n signal frame in

the follow ng description. THé%node S3 receives the

main signal frame sent 5 fromthe client C3. At this

time, it is relearned that the frane addressed to the

destination MAC address c¢c3 may be sent to the port on

the side to which the client C3 is connected. And, . _

wh&Wy N8Cogddiesgort i $heediramed iswgiNenhsodast ppatiieation

MAC used as a key, it is seen by 10 the preV|ous

Ie&Fn?H@tgﬁérRFPSﬁa@hatI?h%h¥$aﬁ%a@ﬁ&ﬁes%%% f¥ame ks given
be transferred t

C add |
CoRb 2o, BinN BB e as the baRic. FRAEvaREy arbicthe”

h the f to th de d. Th
Loggggggrgge%bggﬁﬁﬁés Fﬁa§r3g§|sgPﬂﬂg niSGtransfefred
b h d t
t%etfsazg gg%résse% ?6ﬁTﬁh£§ |na€e%ﬁ§$§§k$ d%%@st%
mayibengept hAgt ’EﬁeUE!l!LBKtp@ﬁtw mﬁegasﬁﬁbga hAqep eﬁe

the node S3 I's connected out put port

i scegaiehed vhhb thoﬂQSEhﬁét has HOE p&886e@saffer KRY.
it is seen by the previous |earning operation that

t heetnanetadar e§selet préveods stbmabn 08adPénadeeeséenclhe
may be transferred to the downlink port on the side
t ochvesh Cheandi ehé €liestcOBpeanddthdhmrefaddressecl of
node Gl transfers the frame to the client . 25 The
cl that ctienkcel vardt bke naildresgnal 6f abiee ofiode heo which
destination MAC address cl which is transferred by
the client Cl belongs have been learned by each of the
node Gl1, the node G2, the node 83 and the node G4 and
also the MAC address c3 of the client C3 has been
learned by each of the node Gl and the node S3.

Sequence N123 is a communication sequence between
the client Cl1 and the client C3 when MAC learning aging
time which is previously set on a timer through an
equipment control program has passed from the start of
communications between the client Cl1l and the client C3
or from the start of the previous MAC learning aging but
TAG learning aging time which is previously set on the
timer through the equipment control program has not
passed. .

In this case, the MAC address ¢l of the client C1
and the MAC address ¢3 of the client C3 have been

learned but set to retransmit the learning frame, and

" the address gl of the node to which the client C1
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the node Gl. Because the destination MAC address

mat ches -110 5 own MAC address ci, the franme is given

to an application or another program In this exanple,
the frame is given to the PI'N&lprogramin the basic
software, and the result of the PING command is

shown. Thus, the communi cati on sequence between the
client d and the client C3 was descri bed under the
condition that a long time has not passed after the

t ebeiloagisohast bega Jearineds byoraghi oft tbes nbdewédn the
client Cl and the client C3, and the MAC address ci of _
10nosle &2irehecnogdgd SBhanddihessoge 6f ihethedsamg way as
which the client Cl bel ongs have been | earned by each

of HRe SeqYEECE N1gike node &2, the node S3 and the node

& and also the MAC address c3, of the cljent C3.has
been | earnB8Ty BRcPXBRPLAGIACHRLER GAR ThicRbelssends an

tndCHP EREOEOEST E-ERPeRP E3oWRLASRACC eaPRfinghe client
agbggreFEQESWQESE bR Ebﬁ¥|EeﬁbyRﬁﬁiYoErgm%|HEE%tBEOUgh
an equfl pment “control “program has passe romthe

st aekc@fipegoMuni cati ons between the client Cl and the
client C3 20 or fromthe start of the previous MAC

| earni ng agipgt Puthe TAGERET PL NeR@Ss NGO TLHE YDiEHL 1S3 the
previously set on the tiner through the equi pnent
comtmp| EQHOOREQURSY® BohmepPRasefg AndéStsnsesen mhe HACG:3

address cl of the client C1 25 and the MAC address c3
of ahleackoante(@Allasé béen This frame is referred to as the
main signal frame in the following description.

The node Gl receives the main signal frame from
the downlink port. When a tag to be added and an output
port are searched with the destination MAC used as a key,
it is seen by learning that the frame of the destination
MAC address c3 may be transferred to the port on the

. side of the node S3 without adding the expansion
forwarding tag. Therefore,-the node Gl is transferred as
it is to the uplink port to which the node 83 is
connected without performing an operation to add or
remove the tag to or from the frame. At-this time, it is
relearned that the frame addressed to the destination
MAC address cl may be sent to the downlink port on the
side to which the client C1l is connected.

Because the frame with the source MAC address cl
requiring the retransmission of the learning frame has

arrived from the downlink side, the node Gl broadcasts
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| earned but set to retransmt the |learning franme, and
the address gl of the node to which the client Cl

bel ongs has been | earned by qﬁgg_of the node G, the
node &, the node S3 and the e &4 in the sane way

as the sequence N122. Here, an exanple in which the
client C1 sends an 5 | CMP ECHO REQUEST frame to the
client C3, and the client C3 replies back an | CWP
ECHO REPLY frame will be described. First, the client
a thendsarsinge fepmenhagingnéhel enpeceddrrREGUESTOL She
havi a_destination MAC of ¢3 10 and a source MAC of _
cl DogR; &1 pdHEd; 85 8P PRRPANESORS tRHeadARPRSsEEnERe uplink

f [ h |1 ' [ [ . TIh de, G1L .

"4 Mabhg (Bl SRR es L o Tt oo Glin rane
Al dded t t

P08 AR B BB AERE, e S Hh DB,

[ b j h i nat.i .

e SlahepahasehNabet el o SlathendoPrhREtyBon o

Sig@ngfb§h€h8098d§3GW1EEBMtFﬂgd%ggiﬁﬂesfégaﬁﬁho elearns

forwarding tag. Therefore, e.@ Is transterred

asthht tHet@li8RtuUphi AkvRAKt the MAtCRa&bhesgode S8 is
20 connected w thout perform ng an operation to add or

r egoupetbedt 8¢ theodokhDihkheifeasE. tié H6dE GlnNBavikg the
is relearned that the frane addressed to the

deekpansion tdCadddesssgtl mMhidbealmmdriing revents the
downl i nk port on the side to which the client Clis
coaprterts 0f Beaunirgtbr thaneliwnh ¢hefsomrdisaferaring

address c1 .requiring the retransm ssion of the
| ebFeRnEherapden@d by aging. And, at the same time, the

received learning frame is broadcasted to the uplink
side along the tree Tl. As a result, the learning frame
is transferred to the node G2.

The node G2 receives the learning frame which is
sent by the node G4 from the uplink side and relearns
that the client Cl1 having the MAC address cl is
connected to the downlink side of the node Gl having the

- expansion tag address gl. This relearning prevents the
contents of learning on the client C1 from disappearing
from the node G3 by aging. At the same time, the
received learning frame is broadcasted to the uplink
side along the tree T1l. But, because the tree T1 is
interrupted at the node G2, the learning frame is not
transferred from the node G2 to the next node as a
result.

The node S3 receives the main signal frame which
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arrived fromthe downlink side., the node G

broadcasts -112 5 the | earning franme having the node

address gl of the node G added as an expansion tag

address to the uplink side allddg the tree T1. As a

result, the learning frame is transferred to both the

node S3 and the node 4. The node (A4 receives the

| earning frame which is .sent by the node G fromthe

uplink side and relearns that the client C having

t hd svseraddregs thle inodec Ginechtdthibst himepwhti hé sellearned

of the node G having the expansion tag address gl

Thithate thgr firagep agddaessedhdéol theodestinasione AR agdress

on the client Cl1 fromdisappearing fromthe node G3

by gy, PEnFendt tondheaperti A, tgﬁeﬂld@cépv@é‘mh the node
rni,ng frane i s broadcasted to the uglink s| de

I .

al Gl LehSORREEtRe. p&0d, RGP the O TRSE PRt {18 ket ieved
t d. to.th d . Th d [ th

| SRR, dhE tiAREAOS HAC npeh, A8nE Kode OF LFoRFERebY

{RaeRfpih ey LhePRcahe MRk oh IR Hhe Rl 1B gen nac

ress c connec
Ofahh%eegdE3Gha9355”@:%B%fe%%%%nﬁboﬁhéagoégdE85§hghh the
Thi's rel earning prevents the contentS of | earning

onchhene! 8Nt sChohhebtdusarpeasd fdre f oM tAGALH0S® Bansfers
by aging. At the same tine, the received |earning

frame Feapeoadcasbefore bhetHpl shle Sbd@habANgh&h8lient €3
tree TI. But, because the tree Tl is interrupted at

t hésnodan€2tetlihe | earning frame is not 25 transferred
fromthe node & to the next node as a

The node S3 receives the learning frame which is
sent by the node Gl from the uplink side and broadcasts
the received learning frame to the uplink side along the
tree Tl1. But, the tree T1 is interrupted at the node 83,
so that the learning frame is not transferred from the
node S3 to the next node as a result.

The client C3 receives the main signal frame of
the destination MAC address c¢3 which is transferred by
the node S3. Because the destination MAC address matches
own MAC address c¢3, this frame is given to an
application or another program.

In this example, the frame sent from the client
Cl is determined to be the ICMP ECHO REQUEST, so that
‘the basic software of the client C3 creates an ICMP ECHO
REPLY frame of the destination MAC address ¢l and the

source MAC address c¢3 and sends to the node 83. This

frame is referred to as the main signal frame in the
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result. The node S3. receives the main signal franme
which -113 is sent fromthe node GL. At this tinme, it
is relearned that the franeﬁégg[essed to the-
destinati on MAC address cl be sent to the port on
the side to which the node d is connected. And, when
the output port is retrieved 5 with the destination:
MAC used as a key, it is seen by learning that the

fr addressed tq the destination MAC address c3 nay‘

‘be RWE-B0r §8SCE1PRdOPort to which the client C3is
connect ed. Ther ef.or

h de S nst er, he f .
to the por fPGnPPAE g?d%egﬁg§ﬁgcﬁg?héggﬁig%snﬁ% §56£$2$thh
el d 3 [ the | '
ehien B £20R 138 cTEehg Car b i e TR anc
o . ! Po i .
i, 6t S5 YU 5 oot

inhﬁbraehﬁésgtcéhﬁPSOBs §§nt1§osehéhgégkg§nlEﬁéngﬂge to

frane is not transferred fromthe n to the next

nogaias 8hkeglhibntTl8 ¢hi 8BhAnEStEACCI MES, fedBiHE output
signal franme of the destination MAC address c3 which

| spbranskeseagchgd whehnede 88stBarsaush #he used as a key,
destinati on MAC address matches 20 own MAC address c3, :

t hit fLsaseensfgomenheéopaaviappl Leatndngoopanatien that the
program In this exanple, the frane sent fromthe

cl Feame @dresdetietni bhd desbiénahiboh QURC ECHD-&EQUEEThay be
so that the basic software of the client C3 creates
antranptecred2toRrEke Yreranko ovhick thet nadei 6h MAC

address cl _and .t he
connected. Therefore, the node 83 transfers the frame to

the node Gl.

The node Gl receives the main signal frame which
is transferred by the node S3. At this time, it is
relearned that the frame addressed to the destination
MAC address c3 may be sent to the uplink port on the
side to which the node S3 is connected. And, when the
output port is searched with the destination MAC used as
a key, it is seen by the previous learning operation
that the frame addressed to the destination MAC address
cl may be transferred to the downlink port on the side
to which the client Cl is connected. Therefore, the node
Gl transfers the frame to the client Cl.

The client Cl.receives the main signal frame of
the destination MAC address ¢l which is transferred by
the node Gl. Because the destination MAC address matches

own MAC address cl, this frame is given to an




10

15

20

25

source MAC address c¢3 and sends to the' node S3. This
.frame is referred to as the main signal franme in the
“114 foll owi ng description. The node S3 receives the
main signal frane which is séd® fromthe client C3.
At this time, it is relearned that the frame
addressed to the destination .5 MAC address c3 may be
sent to the port on the side to which the client C3
is connected. And, when the output. port is searched
wi eppilicagéon pat aortMAC psedram.a keythig texamsben the
fromthe previous |earning operation that the frane
adfreBsedst givea gesthraPI¥E punagragdissthe| baajcheoftware,
10 transferred_to the port to which the node A is
coRREctBE. r?ﬁé@&fBfeth?hBIHGdGOBBaﬂﬁah§f§F§W9he frane
to the nod The node 3 receives the naln si gnal

frame wh ohfugy EPanGPERRIC R thesguerce a\w‘%d othe
 neTight; b1, 84" EhRCETadek -@50%61%398%‘%?%@%3”5 e

3'3%%@?%9%55 Shat fre°Ufe 10006 pog?“gg’gg%%gr%%‘g‘émuw

th§e9655'93£iﬂErN@ﬂiH§§H @ﬁezgqﬁﬁ%mehk b§n§f§f PYodPEm has

previous |earning operation rame

adgaesegUat et hendest Anat bLNcHfuAIAES8Ns %efwelb the
transferred to the downlink port on the side to which

t heliéhentl ChndstEenbeLéee. cTher efpé estahe @Qdﬁheggrev1ous
transfers the frane to the client . The client :

r ed®( vesathinguaging goat thanPAGf le2bnibhe akphidg nadmen
MAC address cl which is transferred by

previously set on the timer through the equipment
- control program has not passed.

The node G4 in this operation example can be
replaced with node E4 which has a simplified structure
of the node G4. The simplified node E4 is different from
the node G4 on the following four points: (1) not having
the memory duplicate information 3013, (2) not having
the MAC forwarding table memory 2043, (3) not having the
learning management program 302 and the timer 306, and
_(4) not sending or receiving the learning frame.

Then, a third operation example of this
embodiment will be described with reference to Fig. 40.

Fig. 40 is a sequence diagram showing the
exchange of frames between the individual nodes and the
clients when the client C3 sends PING REQUEST to the
client Cl1 and the client Cl1 sends back PING REPLY to the

client C3. This is determined as operation example 3.
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the node G . Because the destination MAC address

mat ches = own 14AC address ct, this frame is given to

an -115 application or another program In this

exanple, the franme is given to the PING programin

the basic software, and the result of the PING

command i s shown. Thus, the comuni cation sequence

between the 5 client C and the client C3 was

descri bed under the condition that the MAC | earning

agi ng ti melpr &heogeAyenset odnFagri Ay Vhpbughetpede G1, the

ST SO 82 BOALET 150 B BaRetkhch e, 3 e
B T M A g e
on i, gl g uEh, S oRIMCRTR Ly SEDBCRLTLRNLAR.
Con 2, ThECEH: KL g o anl B8 e

di Ghebanthbr eaN.16HW€ngodRr &4 BBihE@:f?hppﬂbﬁghQQEﬁg the tag
points: (1) not having the menory duplicate

| nfoewairdong304Ble(@emoey houinandt BRe Mgl 06¥REEADAG
tabl e nenory 2043, (3) not having the | earning
nababteememprpg? b8 B0Rhaon ibeat table 300, i 88 dnéfofd)
not sending or receiving the learning frame. Then, a
t hinglbpatat informatpbe 3018hi 62) enbbdineattimg|obe
described with reference to Fig. 40. Fig. 40 is a
sefERAvend| bge aexRARN 9y tag texehafigemod pampisular
bet ween the individual nodes and the 25 clients when
t hdegFiRption MARJRddreEs REEMESTS ) on¢hesending or

receiving a learning frame.

Sequence N131 is a communication sequence betweén
the c¢lient C3 and the client Cl which is an operation
immediately after the startup of a network operation or
after a lapse of adequately long time after the
termination of the previous communications between the
client C3 and the client C1l, and the MAC address cl of
the client C1, the address gl of node to which the
client Cl1l belongs and the MAC address c¢3 of client C3
are not learned by each of the node G1, the node G2, the
node S3 and the node G4. Here, an example shows that the
client C3 sends the ICMP ECHO REQUEST frame to the
client C1, and the client Cl replies back the ICMP ECHO
REPLY frame.

First, the client C3 sends to the client €1 ICMP

ECHO REQUEST frame having the destination MAC of ¢l and
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client C1 and the client Cl sends back PING REPLY to
the client C3. This is determ ned as. operation
exanple 3. - 116 5 In the sequence of Fig. 40, when
the node Gl, the node & and ¥fé node G4 are the sane
as those of the sequence shown in Fig. 38, the node

- G3 may be replaced wth node S3 which is an ordinary

Et hernet switch. The existing node S3 is different
fromthe node G3 on the follow ng three points: (1)
nottheawouycenMACagf dr-waFbiagframe evibhobry pofieraed to as
the tag forwarding table nenory 70131 which is a,

t afthe main sigeadr framggplincshe feldewdnpodesgription.

not insertigg or (10 renoving the exgansion tag to or
froma par fPEUPGRe SdsFPREEVER HRE BauResignahdtyaye

not, .sendi n r ecei vin learning.frapme, Sequence

N1 S0 85580 h P RS L08R B o heURLCR S C FFBR bY the
C3 he,clignt, .Cl ich is,_an eration .15

i mcf'gglggite 3‘7' 'af‘?grtl%sevg%lg?t u]pt ot®a en%‘vfljl C?ktkb%'ér%lf? orrame
or aaplikbgked kgp%ﬁeoﬁeQQEHHQEShymheUgd kggsaégeﬁaghﬁ sent
termnation of the previous conmnuni catlons between Fhe

cl itant;_h@SPaBé tBewRLERNENS c128dt 88 MaCegfHEERaaC! Ma,
the client Cl, the address gl of node to which the 20

cl tast oGtphel pogs a8dséhechB§ pildreshe Cde8tifht €8h MAC c1
are not |earned by each of the node G, the node @&,

t hasedods &3kapd tHet notlee Glealdh Qo @R Shdvse

that the client C3 sends the | CMP ECHO REQUEST frane

t obepausei the Dearanudgt be theeMACChddepss esl bhsk hbe

| VP ECHO
completed. Therefore, the node 83 broadcasts the main
signal frame to the tree T0 and the port on the downlink
side. At this time, no operation is made to add or
remove the tag to or from the frame. As a result, the
main signal frame is transferred to the node Gl.

The node Gl receives the frame from the uplink
port. A tag to be added and an output port are searched
with the destination MAC ¢l used as a key, but the
search does hot make a hit because the learning on the
MAC address cl has not completed. Thereforé, the node G1
broadcasts the main signal frame to the tree T0 and the
downlink port. At this time, no operation is made to add
or remove a tag to or from the frame. As a result, the
main signal frame is transferred to both the client C1
and the node G4.

The node G4 receives from the uplink port the

main signal frame addressed to the destination MAC cl
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25 REPLY frane. First., the client C3 sends to the
client d ICVW ECHO REQUEST frane having the
destination MAC of cl and -117 the source MAC of c3.
This frame will be referred t'di8s the main signa
frame in the follow ng description. The node S3
receives the main signal frane addressed to the
destination MAC ci which is sent by the 5 client C3.
At this time, it is learned that the frame addressed
t oWiEhddst seati Sy he aodeeSd .cAbmyhbe tine, ib ide
port to which the client C3 is connected. And, the
outlSGEDESr theg &bsr EmeBenrdireREedetpi khei askARasion MAC
use t he search does not make a hit 10

be@ Esﬁhgglgﬁynﬁﬁgsﬁﬁttﬁe VAE YB4iBESPPEthAS WBFCh the
| Th f th de, S3 b d ts th

SO AL A G JF v

adgﬁkhn%heshgﬁt%ﬁgtﬁg'Sy%b"@lfygﬁﬁpgéa%Lgn s ngdgh

renove
5 t h
i Bl g BB R R

upMhokad@eeks A1t Bdst Aobecaffed:ald %&fgmep%ﬁe Hdde G4

searched wth the destination MAC cl used as a key,

bubrbh@casesr eRednasnn8lignBkerfahiet tHEEAESLrEBET) and the
| earning on the 20 MAC address cl has not conpl et ed.

Thpoefoor, thbedowdeifit sbdeadgastihishe: i N 150 Biration is

franme to the tree TO and the downlink port. At this

t i medentoopddadt onemsventbet baaddo or fromveha fegnéo As a
or fromthe frame. As a result, the main signal frame
sr@$@h§feth%dmﬁbnb@%ﬂn@hefnam@nlsCnransferred from the

uplink port to the node G2 along the tree TO.

The node G2 receives from the uplink port the
main signal frame éddressed to the destination MAC cl
which is sent by the node G4. At this time, it is
learned that the frame addressed to the destination MAC
address c3 may be sent to the uplink port to which the
node G4 is connected. And, the output port is searched
with the destination MAC cl used as a key. But, because
the learning on the MAC address ¢l has not completed,
the search does not make a hit. Therefore, the node G2
broadcasts the main signal frame to the tree T0 and.the
port on the downlink side. At this time, no operation is
made to add or remove the tag to or from the frame. As a
result, the main signal frame is transferred from the
downlink port to the client C2.

The client C2 receives the main signal frame of
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25 and the node 4. The node (4 receives fromthe

uplink port the main signal frame addressed to the

destination MAC cl1 - 118 5 10 15 20 25 which is sent

by the node GL. At this time,” ¥@"is |earned that the

frame addressed to the destination MAC address c3 may

be sent to the uplink port to which the node Gl is

connected. And, the output port is searched wth the

destination MAC cl used as a key, but the search does

notthealde s4 imat ilpec M€ clhyhliclr disngremsifieerelABy the node

address cl has not conpleted. Therefore, the node G4

br GZdc &3kts bewauss Fhs glestinagdent Y2ChaddressTdogrdnot

the port on the downlink side. At this tinme, no

op &R0 PV MALy RLArSSg§d§ 20r thdFoe afRe ifadif6a5Aer om

the frane. ﬁg a,. result, the main signal frane

{ranst or r eB0F BHERE Ot BePAEVABIENBo AR Brgi BHBLt FERme of

TO, ,.no I Y fr the uplink port %he f.ranme

it BeEBs T aERE i BRe RAREASAL WRioR Gk bhoneFeERBa by

bythgenﬁﬁgeGﬁ4' ﬁgcégéé Eﬁ@EﬁeéEiﬁgtion MAC address matches
own MAC address c¢l, this frame is given to an
application or another program.

In this example, the frame sent from the client
C3 is determined to be the ICMP ECHO REQUEST, so that
the basic software of the client Cl creates an ICMP ECHO
REPLY frame of the destination MAC address c¢3 and the
source MAC address cl and sends to the node Gl. This
frame is referred to as the main signal frame in the
following description.

The node Gl receives the main signal frame from
the downlink port. When a tag to be added and an output
port are searched with the destination MAC used as a key,
it is seen from the learning that the frame of the
destination MAC address c¢3 may be transferred to the
port on the side of the node S3 without adding the
expansion forwarding tag. Therefore, the node Gl does
not make an operation to add or remove a tag to or from
the frame but transfers to the uplink port to which the
node S3 is connected.

Because a frame having an unlearned source MAC cl

added has arrived from the downlink side, the node G1
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| earned that the franme addressed to the destination

MAC address c3 may be sent to the uplink port to

which the node &4 is connected. And, the output port

is searched with the destinatiZ8n MAC cl used as a

key. But, because the |learning on the MAC address c

has not conpleted, the search does not nake a hit.
Therefore, the node & broadcasts the main signa

frane to the tree TO and the port on the downlink

si dearts tthiad tbhee MAGO addeeatsi cd is coadectedatid the port
renove the tag to or fromthe frame. As a result, the
maicR $he ik isdder andf elsedbrrpedcrisgsdohml LeRrning
port to the client C2. The client C2 receives the nmain

si §kamer pawdngs the) podenaddeesengdli 65 Whe spdaphBdhafded as
transferred 9&Cthe node 2, but_ because the

de§P|ﬁ§PPBﬁl taggpgdreggesonshe Hﬁﬁéﬁkoﬁhdﬁﬂél°ng the
f di scar ded. e cligent
e CEEse LTt hehif FeTOFEY FiSnA L HeAtRald riFRerred
f d the node 4.
BecaﬁggE hges?glc ?L%n 3 :Lgnggtches own MAC

addr ess c'Théhhédéresrerééewsntﬁg Parn R0l LEAS Ul is

anot her program In this exanp rom

thSeﬁE'Bﬁtthéonsae'éldEESﬁnkﬂsduﬁﬂlﬁﬁ 5Pgel that
REQUEST, "so that the basic software of the c |ent

cr entesl1asnt QYR EﬁbﬁthEﬁanicaaad@éséh@1df§t¢aﬁﬁé@9ed to
MAC address ¢3 and the source MAC address cl and

sehbs dowhbinkodtd& of Thhe nbdaneli Ravehn€ertied égp@Ssion

the main signal frane in the 15 follow ng descri ption.
tag address gl. Thus, when a frame addressed to the cl
islreceived from the downlink side from then on, the
expansion forwarding tag gl is added to the frame, which
is then transferred to the root port side of the tree T1.
And, at the same time, the received learning frame is
broadcasted to the uplink side along the tree Tl. As a
result, the learning frame is transferred to the node G2.

The node G2 receives the learning frame which is

sent by the node G4 from the uplink side and learns that
the client Cl having the MAC address ¢l is connected to
the downlink side of the node Gl having the expansion
tag address gl. Thus, when the frame addressed to the cl
is received from the downlink side from then on, the
expansion forwarding tag gl is added to the frame, which
is then transferred to the root port side of the tree T1.

At the same time, the received learning frame is

broadcasted to the uplink side along the tree T1. . But,
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The node Gl receives the main signal frame from the
downlink port. When a tag to be added and an out put

port are searched with the destination MAC used as a
key, it is seen fromthe Ieéﬁﬁ?hg that the frane of
the 20 destinati on MAC address ¢3 may be transferred

to the port on the side of the node S3 w thout adding
the expansion forwarding tag. Therefore, the node Gl
does not nmke an operation to add or renove a tag to
or bECSMSe: kdef txee Bt isr Ansesryptedt h& bbei nkdpohE,t bhe
whiich the 25 node S3 is connected. Because a frane
hatPAGPARIuAFEERndd 806 EEaRREcEredafgen KRS BPARVE] to
frgglthe ownl.i nk si de, tEe node Gl - 120 | earns that

t hEPRnBeEEIPedE 8F PsTESHAEcted to the port on the

d link sj b d he. | i f

navi ng t helHEBOA8 P SeEPGPIRFE , Hae TBuER Ca APRBE5E an
SRS R SR 08 LU e
transf ghagdgit o Jb@t{h%g‘q:ﬁ@,e ﬂ]dlﬁ%}?hé@qﬁna%'th%;frame

node A receives the Tearning Tranme s sent

t hgdaedss&d £608ht8eypihakishdRaBNEdhLEEEHScT hdly bdCsent
client d having the MAC address ci is connected to 10

t heodens! pokt stdewhich heh806led&lc hays Ngohhec8XPANRMA) when
tag address gl. Thus, when a frane addressed to the c

i stheceuvpdtfpontthe seanthed sitke thendédeinonion heac
expansion forwarding tag gl is added to the frane,

whiged as ahkeyirahsierseentlyttize rpoevions beabenidig

the tree Ti. 15 And, at the sane tine, the received
|egpgxﬁ§1@mah@atsthe frame addressed to the destination

MAC address c3 may be transferred to the port to which
the client C3 is connected. Therefore, the node 83
transfers the frame to the client C3.

The node S3 receives the learning frame which is
sent by the node Gl from the uplink side and broadcasts
the received learning frame to the uplink side along the
tree Tl. But, because the tree T1 is interrupted at the
node S3, the learning frame is not transferred from the
node S3 to the next node as a result.

The node S3 can receive the learning frame to
“transfer it by the network control program 304 but
cannot use the contents of the received frame to update
the table information by the learning management program
302. Therefore, it cannot be learned by the learning
frame that the client C1 having the MAC address cl is

connected to the downlink side of the node Gl having the
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broadcasted to the uplink side along the tree Ti. As a
result, the learning franme is transferred to the node

&. The node & receives the |learning frame which is

sent by the node G4 fromthe ‘dgkink side and |earns

that 20 the client O having the MAC address cl is
connected to the downlink side of the node GL havi ng

the expansion tag address gi. Thus, when the frame
addressed to the cl is received fromthe downlink

si @EPRn§HFPNh&Adonddrres aipansi on forwarding tag gl is
added to the franme, which 25 is then transferred to

the root p&Re SldenbfC3nreceiresithe mpaipesignppl t frane of
th% recei ved |l earnin frgne is _broadcasted to the

uptPRk 9EFEdnatdRg MAL prdress. caurhichodspiranserred by
tr Tl i,s L.gterrupted at, the node G2 the, learnin

(1 Ehe PR pler AeTaffe dne Gl friaciie &% adigRfdrtenes
no a I e ceLv he, nmain signa
frgﬁg gAgdgﬁéggég gg'tﬁgggeg?ﬁﬁgt?%ngiﬁépcgomﬁ?ch 'S

se q :Lheapo [Spl | ivfs 09 d

t haPPL RS R 8 fother brbOHAm: ooy ki SR ene
addrgme ¢k HRyeRer§efhe P@NéhﬁrBefamtQnm@héhbégfchgftware,
Gl is connected.- And, when the Output port Is
seah@heHeWréBul beodeshé NAERQNcHhadd 1USEehdon dakey, rédult.
is seen by the previous learning operation that the
frame addreissed tloe tdwmmiesidated o s eddéhes Besfead iy

be transferred to the port to which the client C3is
cothgentdC3 Thedetbe e¢lidet OHew®s dé¢sanilhed sunder fthaere

to the client C3. 15 The node S3 receives the |earning
f regedihien that it is immediately after the start-up of

the network operation or after a lapse of sufficiently
long time from the termination of the previous |
communications between the client C3 and the client C1,
and the MAC address cl of the client Cl1 and the address
gl of the node to which the client Cl belongs and also
the MAC address c3 of the c¢lient C3 are not learned by
each of the node Gl, the node G2, the node 83 and the
node G4.

Sequence N132 is a communication sequence between
the client C3 and the client Cl1 under the conditions
that a long time has not passed after the termination of
the previous communications between the client C3 and
the client C1, the MAC address cl of the client Cl and
the address gl of the node to which the client C1
belongs have been learned by each of the node G1, the

node G2, the node 83 and the node G4, and also the MAC
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sent by the node G fromthe uplink side and
broadcasts the received |learning frane to the uplink
side along the tree Tl. But, hecause the tree Tl is
interrupted at the node S3, tt& learning frame is not
transferred fromthe 20 node S3 to the next node as a
result. The node S3 can receive the learning frame to
transfer it by the network control program 304 but
cannot use the contents of the received franme to

updstdresshe3 o] dhiencdienti 63 bprst heepedearngd by each of
ma ement program 25 302. Therefore, it cannot be
egﬁﬁb@ %He%Pga n@oder §3e that the client O

havi ng t he MAC address clL is onnect ed. t

v Pk SPRES 1 ot EXAmBLe EnA4S! RRSEnEnt JabiSns .63 sgnas

{ PenRIAERRD ey RRBUEEIC Baid is%ﬁ%ééi%%%”@ " ghd"ehe
t
bL%ﬁa%§%2§§ DEpli8s PACk Ve PERBURERbIERPEY ERGRLOT
is given tpiape, apRbi £REERD €5 eaﬂaae£ §§r ehf C1 the

thi s exanpl e, the frame is given to t program

i nIche kesoCrREQUERR €éramanHat/hg r%ﬁé'&eﬁﬁlhﬁglgﬁ“ﬁhc of cl
command is shown as a result. Thus, the comruni cation

segndnthebsbuees Mhe ofOcBli el‘tt:.ﬁfﬁéiﬁb tviel X Ineente felrred to
was descri bed under the condition that it is

i meedtheehginf signabefsamet inpthé fohkowehgwdéscription.
operation or after a |l apse of sufficiently long tine

from the tBheimede o3 ofectitves evhousain igmal aframs which
between the client C3 and the client C, 15 and the

MAES afieiREsEren bhetabient efd . CA i imedr dds is

relearned that the frame addressed to the destination
MAC address c¢3 may be sent to the port on the side to
which the client C3 is connected. And, when the output
port is searched with the destination MAC used as a kéy,
it is seen by the previous learning operation that the
frame addressed to the destination MAC address cl may be
tranéferred to the port to which the node Gl is
connected. Therefore, the node S3 transfers the frame to
the node G1.

The node Gl receives the main signal frame which
is transferred by the node S3. At this time, it is
relearned that the frame addressed to the destination
MAC address c3 may be sent to the uplink port on the
side to which the node S3 is connected. And, when the
output port is searched with the destination MAC used as .

a key, it is seen by the previous learning operation
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gl of the node to which the client O belongs and al so
the MAC address c3 of the client C3 are not |earned by
each of the node Gl, the node g% t he node S3 and the
node 4. 20 Sequence N132 is "@%¢6muni cat i on sequence
between the client C3 and the client O under the
conditions that a long tine has not passed after the
term nation of the previous comruni cati ons between

the client C3 and the client O, the MAC address c

of that Hheedirame addressese taudhes degtispting Hoge address

ongs_ have been_ | earned by each

h th I
of "tﬁhg}aﬁgﬁ’% 'éer%tnts grxy, r‘?6]|d§°G§het HevR$dBkSBOEkd oph&hRogd de
Gt el R, candh ABMBREehodhed e ekne oo
I h t I t C3
segas%éﬁﬁg%FEBP%EeHé?EEfﬁﬁéTgﬁgaﬁeng égcifgnt Cl,
and the 5 ghbeniiChe ef! E3eRgck Lhe LR ECHOLFFRLYe of

franme. 10 First, t ent s to the

tthe'@HBtEQH@&BEQHﬁgTaﬁﬁﬁgﬁshéY'Qﬁl&ﬂelgeﬁthQEEQFFd by

MAC of .cl and the source MAC of ¢3. This frane w

bethef abdedGlo Bscidlice MEhe $bgiBdat iIGHRMAR ddress matches
foll ow ng description. The node S3 receives the main

si gwal MACasddwbisshcli, sthgst frame iBegiverntoCG@n At

this time, it is relearned that the frane addressed

t oaphéidationacroanothEragdogsamc3 may be sent to the

port on the side to which the client C3 is connect ed.

And, when ¥Retiyigpexample, because the frame sent from the
client C3 is determined as ICMP ECHO REQUEST, the basic
software of the .client Cl creates ICMP ECHO REPLY frame
of the destination MAC address c¢3 and the source MAC
address cl and sends to the node Gl. This frame will be
referred to as the main signal frame in the following
description.

The node Gl receives the main signal frame from
the downlink port. When a tag to be added and an output
port are searched with the destination MAC used as a key,
it is seen from the learning that the frame of the
destination MAC address c¢3 may be transferred to the
port on the node S3 side without adding the expansion
forwarding tag. Therefore, the node Gl is transferred as
it is to the uplink port to which the node S3 is
connected without performing an operation to add or

remove the tag to or from the frame. At this time, it is

relearned that the frame addressed to the destination
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15 port is searched with the destination MAC used as a
key, it is seen by the previous |earning operation -
that the franme addressed to_tgg_destination MAC
address cl may be transferred®o the port to which
the node GlL is connected. Therefore, the node S3
transfers the frane to 20 the node GL. The node G
receives the main signal frane which is transferred

b he de S3. At this tinme, it is relearned that

y ngﬁﬁargésgﬂytgetﬁ@nBe§P|ﬁﬁ?léﬁwnﬁﬁekaBQFésgnthe

h k he 2 d whi ch
t h§ ﬁsdi:ngghﬁ?f%Bﬁﬁeghénntﬁﬁit 1%%&25%‘5::% out oporlt -
t ed. as
1§ i Goontnd! blab 61 R IPLL LA LS 1 B8a0 “enSle whion
adéEhQEnEhfrBﬁagﬁeaﬁgﬁgséfd t téﬁ%#‘ ﬂéﬁui r& Lelearned.

ress may be transferre omn1|

t hghakdenet eruhbchglibessbizepd E%e'§ﬁ§9$H§EESH MA address

Therefore, the node Gl transfers t rame

cl b@nina?:l be TB&n€! £8NEhE! pbLECHN EENL N1 HB Eoswﬂﬂélh the node
frame o t he destinati on MAC address cl which is

t rabsisreconndytedbe malle whlen Begausapute glas inatdedirched
MAC address matches own MAC address ci, this franme is

gi webht thandespphataon oOMAOrusedt era pkegy abt 19 $&és by
exanpl e, because the franme sent fromthe client C3 is
detle ni-eEn iRy | Ovet EOMO FREOUESTddtérsadiste thofdestination

of the client O creates | CVW ECHO REPLY frane
MAC address c¢3 may be transferred to the port to Wthh

the client C3 is connected. Therefore, the node 83
transfers the frame to the port on the side to which the
client C3 is connected.

The client C3 receives the main signal frame of
the destination MAC address ¢3 which is transferred by
the node S3. Because the destination MAC address matches
own MAC address c3, this frame is given to an
application or another program. In this example, the
frame is given to the PING program in the basic software,
and the result of the PING command is shown.

Thus, the communication sequence between the
client C3 and the client Cl was described under the
conditions that a long time has not passed after the
termination of the previous communications between the
client C3 and the client Cl, the MAC address cl of the
client C1 and the address gl of the node to which the

client C1 belongs have been learned by each of the node
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of the destination MAC address c¢3 and the source MAC
address cl and sends to the node GL. This frame wl|

be 15 referred to as the main _gignal frame in the
followi ng description. The ndgé Gl receives the main
signal frane from the downlink port. Wien a tag to be
added and an output port are searched with the
destination MAC used as a key, 20 it, is seen fron1the
learning that the frame of the destination
ad@ﬂes§%@3nﬁ€? §@rtFﬁﬁsﬂ@ﬂ?e§3tén@héhepﬁp@eoﬁ4tﬁédnéaéo

3 i de_w thout addi.ng the expansi on rdin a
i@f e88dE3cPEi sher ghieBEr &4 ggs eePsg?BrgﬁG by

;F%hghtgg % SrH?Q gﬁtgﬁér ggoﬁsgésgég g?nnsghgse t he
[ el car ned %%ﬁ?éf'ﬁg P ETe ah, coblsh SR bh bSavange pptween
'1%ﬁﬁg%§i@ @r€§sm&h FR¥ Qilﬁﬁﬁtci BHSrdﬂﬂﬁleEgEQ%%ns

eto Ich the client I'S connecte
no@ﬁa§3th30ﬂhte§ehbﬁl Iagﬁhgnehméraﬂsvmehsmy éétSSHt
fromthe node Gl. is'time, It Is relearned 5

thaimbbethtaﬁghadﬂéeé@ﬁﬂpﬁ@nth@oﬂ@ﬁblngibgﬁaﬁM§hs passed
address cl may be sent to the port on the side to

wha€hetrhehaodearG-upso€obhectefimuAbdat Wbrs bbtwesi ptiie
port is searched wth the destination MAC used as a
keglienti €3send bie thibehtaChiog thatsthetfupnef the
addressed to the destination 10 MAC address c3 may be '
t reneveenedMiAe laarpong eoingi bt the EAGehearsing aging
connected. Therefore, the node S3 transfers the franme

t otiWe BEeYieusiMeset dent shentimer hehrough the equipment

control program has not passed.

In this case, the MAC address ¢l of the client Cl
and the MAC address ¢3 of the client C3 have been-
learned but are set to retransmit the learning frame,
the address gi,of the node to which the client Cl1
belongs has been learned by each of the node Gl, the
node G2, the node S3 and the node G4 in the same way as
the sequence N1l22.

Here, an example shows that the client C3 sends -
the ICMP ECHO REQUEST frame to the clientVCI, and the
client Cl replies back the ICMP ECHO REPLY frame.

First, the client C3 sends to the client Cl the
ICMP ECHO REQUEST frame having the destination MAC of cl
and the source MAC of c3. This frame will be referred to
as the main signal frame in the following description.

The node S3 receives the main signal frame which
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client C3 is connected. The client C3 receives the
main signal frame of 15 the destination MAC address
c3 which is transferred by the node S3. Because the
destinati on MAC address matcHeé€? ‘own MAC address c3,
this frame is given to an application or another
program In this exanple, the 20 frane is given to the
PING programin the basic software, and the result of

of the PING command is shown. Thus, the conmuni cation

sedfefeath&rmerhensliente A8 . C3ARNLhi Aet &M@ enit GIS was
descr.i bed %gder t he conditions that a long tine has

nott &g &%&& foat the frarg Agdressed tRe tBPed?é‘&énatlon
ol : '93%2 BT lPe SEnE 1 tor thAopoLt: Bt Che AAGe Eo
LZF«%%&? 555 %8kt BS, R8%8Gh%e AR Ha ﬁ%raezr?tt%boutput
th8%&@%8%?—s?%hs@“ﬁ%@?ﬂEh%?ﬁ%%?lb%%%%ﬁd Tuped, g8 ey,

by ;teaghigh-hba 2edf gﬁeaggeQESuEoi8a§§1n§GSHSPQ€15ﬁ3§hat
s a conmuni cation sequen bet wee
the frame addressed to the destination MAC address cl
may be transferred to the port to which the node G1 is
connected. Therefore, the node S3 transfers the frame to
the node G1.

The node Gl receives the main signal frame which
is transferred by the node S3. At this time, it is
relearned that the frame addressed to the destination
MAC addreés c3 may be sent to the uplink port on the
side to which the node S3 is connected. And, when the
output port is searched with the destination MAC used as
a key, it is seen from the previous learning operation
that the frame addressed to the destination MAC address
¢l may be transferred to the downlink port on the side
to which the client C1 is connected. Therefore, the node
Gl transfers the frame to the client Cl.

The client Cl receives the main signal frame of
the destination MAC address cl which is transferred by
the node Gl. Because the destination MAC address matches
own MAC address ¢l, this frame is given to an
application or another program.

In this example, the frame sent from the client




5 the client C3 and the client A under the conditions
that the MAC |l earning aging tine previously set on a

ti mer through the equi pnent Eﬁ%h[0| program has passed
after the start-up of the co i cati ons between the

client C3 and the client d or the start-up of the 10
previ ous MAC | earni ng agi ng but the TAG | earni ng agi ng
time previously set on the timer through the equi pnent
contraql program has not passed. In this case, the MAC

ad&9e§§ QEtﬁFmFﬁédcPﬁeﬁPeCFCMEnECﬁﬁeRﬂﬂ@Eﬁﬁdré§stbﬁtothe
g cLlentf$3 ve be Iearn d but are set .
PEAENTO Wérﬁeafnﬂ‘- &ﬁﬂt ¢ hsrsaare@sén FCH? ERHO
h t I t O I h b
239%55% $Pefig, oo sbecitstinatagnold 3Rs8Rsas %aaeghe
theotiode fHac! g dhBE8a0% URY BRnakPEoSEAUCHSSLNGE:

an exarrp OWS t e cl sen

I R r 0 h

e o SRSy o loplicglly 2Bl tn o
Fi st LoliiBgChb8Rtifg8isgNds to the client O the [|CW
ECHO REQUEgT frame having the destination MAC of ci

25 and t hersounége ML PécéBved hile fial® i dhabeframe from
referred to as the main signal franme in the follow ng

desbei gownhink Therbodeitsh reeasiy eso thee atkied sirghaln output
frame. which -127 is sent fromthe client C3. At this
tipertj arésseartheadneiithhobet hestinatiandiae sesed oas hae key,
destination MAC address c¢c3 may be sent to the port on

t hdtsigeseen fnPBhthaeclearving (Bhat thentrame ofrihe

when t he out put
destination MAC address c¢3 may be transferred to the

port on the node 53 side without adding the expansion

forwarding tag. Therefore, the node Gl transfers the

frame as it is to the uplink port to which the node 83
is connected without performing an operation to add or
remove the tag to or from the frame.

Because a frame which is added the source MAC
address cl requiring the retransmission of the learning
frame has arrived from the downlink side, the node G1
broadcasts the learning frame having the source tag
address gi added to the uplink side along the tree T1.
As a result, the learning frame is transferred to both
the node S3 and the node G4. =

The node G4 receives the learning frame which is
sent by the node Gl from the uplink side and relearns
that the client Cl1l having the MAC address cl is

connected to the downlink side of the node Gl having the
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5 port is searched with the destination MAC used as a
key, it is learned fromthe previous |earning

operation that the frane addressed to the destination
MAC address c1 may be transfé@Péd to the port to

whi ch the node Gl is connected. Therefore, the node

S3 transfers the frane to 10 the node GL. The node Gl
receives the main signal frame which is transferred

by the node S3. At this tinme, it is relearned that

t h&XPaaFd oad degs addresst Bd . deBhunatveen WMe fxnesadd3essed
may be_sent to the yplink port on the_ 15 side to which
théondle 83 is xerpdveddframdthendavphdnkogigat £5emt then

is searched with ,the destination MAC used as _.a ke
it OPg §§8ne#PSHPPHB bPEVREHER e kAR HY 6ﬁePQ@?8nt°t%§?

the_f d d d i nat i .MAC ad |
608, BonEF @PEERT: 5O HBSabRAE: AREbOPidBnoEnEnS: FEeSoT1 -
t ' Li.ent i : ted, _Th th
noat tE8 bfieCk il he; PofRPPER, FlarfiBhCTERRe 18°

Vi ! k ; : ;

e SEPRdrhsER LS Ene R TiR R1ERTh1ORATEND Lrbd®pL. as a
theeBAde, GiheBeeavaeniherdgst i 8at L QRs MOEr8ddL§Sehe ?%ge G2.

mat ches 25 own MAC address cl, this frane is gi ven

an appl i chhé Olo@é GDOLESEivEHIERN 1ddrhin§ EXBPlvhich is
the frame sent fromthe client - 128 C3 is determn ned

asseéht bEMVPhE&EChGHBEQUESfomsbhée haplihk sbasi andoféVedens

of the client O creates an | CW ECHO REPLY frane of

t hthabsthaatl bentvACl shlaivesg the aMalC t Addressirck MAC

address cl and sends to the node G. This
connected to the downlink side of the node Gl having the
expansion tag address gl. Thus, when a frame addressed
to the cl is received from the downlink side from then
on, the expansion forwarding tag gl is added to the
frame to transfer to the root port side of the tree T1.
At the same time, the received learning frame is
broadcasted to the uplink side along the tree T1. But,
the tree T1 is interrupted at the node G2, resulting in
no transfer of the learning frame from the node G2 to
the next node.

The node S3 receives the main signal frame
addressed to the destination MAC c¢3 which is sent from
the node Gl. At this time, it is relearned that the
frame addressed to the destination MAC address cl may be
sent to the port to which the node Gl is connected. And,

when the output port is searched with the destination

MAC used as a key, it is seen from the previous learning




10

15

20

25

5 frame is referred to as the main signal frame in the

follow ng description. The node Gl receives the main

signal frane from the downlink port. Wien a tag to be

added and an output port ar € $8ar ched with the

destination MAC used as a key, 10 it is seen fromthe

| earning that the franme of the destination MAC

address ¢c3 may be transferred to the port on the node

S3 side without adding the expansion forwarding tag.

ThOPETEtE on kb afobeGt rapgn eddressed tor the desktinagion
ink part to which the node S3 15 is

to_the up] _ .
coﬁﬁﬁbﬁd%nﬁ3§h8§tm§¥rp8rﬁrﬁ§35ﬁr§9ér59i§hetE°§§dthWthh

re e the tag.tgo or fromthe franme. _Because a frane

B A T e T
the_retransm,ssi qn_of the, learnin frame has arrived
frgﬁﬁgﬁggagwﬁﬁﬁn%rgwae%otﬁbensgéegﬁ gé'broadcasts t he

Lo the upl TAE 238" &9 KEERRRLE T Ent TPealREhg Pl [SERE by

th e kngqf L Ral r t o ‘ d 3
L ngPEsAonkntn (L2685, LRl (RRAR, S9! a0k Ropdls 0 CnS

fFQ&Eeﬂbbahléﬁrniﬁgsﬁfémbytbhﬁhaogﬁlgﬂkfé?&étgfoHﬁLéﬁg

side and relearns “that the client”d having the
addreasTel iBut Bwraind die t&)ﬁaéllomlilsrﬂﬁraiéiemifté&wat the

node @ having the -129 expansion tag address gl .
Thoedewdapn the leanpingdfeamedistgothershsferre€geifvef the
fromthe downlink side fromthen on, the expansion

f ongdedBagtoaghgineéxst onlddel 49 aheesdliame to transfer

to the root port side of the tree Ti.

The client C3 receives the main signal frame of
the destination MAC address c¢3 transferred by the node
S3. Because the destination MAC address matches own MAC
address ¢3, this frame is given to an application or
another program. In this example, the frame is given to
the PING program in the basic software, and the result
of the PING command is shown.

Thus, the communication sequence between the
client C3 and the client C1 was described under the
condition that the MAC learning aging time previously
set on a timer through the equipment control program has
passed from the start-up of the communications between
the client C3 and the client Cl or the start-up of the
previous MAC learning aging but the TAG learning aging
time previously set on the timer through the equipment

control program has not passed.

The node G4 in this operation example can be
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5 At the sane tinme, the received learning franme is
broadcasted to the uplink side along the tree Ti. As a
result, the learning frame is jgfansferred to the node
&. The node &2 receives the l'earning framne which is
sent by the node &4 fromthe uplink side and rel earns
10 that the client G having the MAC address cl is
connected to the downlink side of the node @ having

h ' d .gi . . Thus, when.a.f
a0 BT eRR pa T BOaR RA T RaBh, ba%! BT RLLAGH! FRpucture
200ds the e gap T TP BPELE &8 é%%“ﬁ%ﬂ%%ﬁ%%;%ﬂzﬁé £rom
o eohop>cl 66 the £611blEng2FBul BBink3¢ (EfChychaving

al ehg haﬁokyeauﬁhicﬁub,inkagmhtgsnTbohg,iwtzrﬁaatﬁayﬁhg
the node &, resulting in no transfer of the |earning

frame MaomrbbRapadfgGRable RBmbR¢ DOXB,Npde. ndbBenAPifg the
S3 receives the main signal frame addressed to the

dedebratingnmb&gedenbi phoggameB02f and thbetimde 806, Ahnd
this time, it is relearned that the frame addressed

t o (#hendéssendingnot/Ateadiving thenbgabrirg frameto

the port to which the node GL is connected. And, when
the out putTher: the setfets of t bhe rmbedinent iwhll N
used as,a key, it is seen fromthe previous | earning

- 19656B&P&8r on that the frane addressed to the
destinatio MAC address c¢3 nay be transferred to t

port to whiRReRFoRal e WhER AR ASEEIRLE 1oHk, Wgw,ehi"h
thﬁagoged§ fe%éggségéé %ngérgﬂg %fa&hgagéégqéeééﬁding on
a direction is flown on a network according to the
Ethernet, a learning process does not function, a frame
reaches the destination but it is also transmitted to
unnecessary destinations. Therefore, there were problems
that the network became congestion and bandwidth
usability became low.
In this embodiment, even when the asymmetrical
flow is flown by sending the learning frame through a
path opposite to the path where the main signal frame
flows, the learning process can be functioned, the
network congestion can be remedied from becoming
congestion, and the‘bandwidth usability can be improved.
Conventionally, when a frame having a tag
indicating a destination was transferred, it was
necessary to previously set information about an

- expansion tag (a node address of a node to which the
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5 The node S3 receives the |earning frane sent by the
node GL fromthe uplink side-and broadcasts the
received learning frame to thezﬁpllnk side al ong the
tree Tl. But, because the tree is interrupted at
the node S3, the learning frame is not transferred
fromthe 10 node S3 to the next node as a result. The
client C3 receives the nmain signal frame of the

MAC _.address c3 transferred by the node
3351?321 SIHENY 5 CORIRESIGtEed @t Aecaddnd For

g‘ﬁ NSRS et eh th éiegéﬁ%é%r&aﬂﬂéff Beig e
?'h!e?ets& t&HeFB?EG B RE B 0 48R SRS Ao hAr 3dress
COQHHPE%%tb%ga§§Q%%p%%gb%5M%%n hg§e§§ohﬁﬁgg?§ ?ﬁdhgan be

client scri bed under t con

th%o&ﬁ@lb%éﬁnhﬁge@%hnﬁohbwﬁypﬁﬁﬁkﬁﬂﬁhﬁﬁ 8hg08nto gﬁion in
t hrough t he equi pnent control program has “passe

th%h&taéhrﬁﬁn@ffkﬁﬁe@oﬁﬂuntﬁétb@E%lﬁ@tﬁﬁéﬁatEBﬁ ehhepk
C3 and the client C or the start-up of the previous

MAGultemehiedg agi ng but the TAG | earning aging 25 tine

previously set on the tinmer through the equipment

control prBheapréssnhoinpession wae desker{Hednabdws with

operation exanple can be -131 10 replaced with node E4

mhreﬁeﬁagca spnphef peeferabteuesbodiment andeeGimplée, but
HE|Ifled node E4 is different from the node 4 on

th‘é £olPBERRECRoEE POENLimiteq hotswelembodiments and

examples but can be practiced in various modified modes
without departing from the spirit and scope of its

technical idea.

(Second embodiment)

A second embodiment of the present invention will
now be described in detail by referring to the drawings.

The second embodiment of the present invention
differs from the first embodiment in two respects. The
first respect is that, instead of transmitting a
learning frame, the second embodiment adds an expansion
tag containing the address of a source node to a unicast
frame for which the destination is unknown, broadcast
frame or multicast fraﬁe; on receiving a frame with said
expansion tag, a node learns an association between a
MAC address and a tag address by use of the expansion

tag. The second respect is that the second embodiment
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the menory duplicate information 3013, (2) not having
the MAC forwarding table nmenory 2043, (3) not having
the |earning managenent progrg®.302 and the tiner
306, and (4) not sending or receiving the |earning
frame. Then, the effects of the enbodinent will be
descri bed. Conventionally, when an asymetrical fl ow
whi ch has a different node mhere the fl ow passes

ggg%%? ng ?%rtaﬁls‘ijrg ee% Ine rlninl Sear "%n t%r %g%\gg‘e&oé@lﬁ&
u s
funedy8% W& %ﬁﬁ?%OE%% gglgeﬁbggﬁgkgﬁ tn'tnéSsecond

al so transm sar St nat’i ons.

Th%ﬁ@kﬂﬁﬁenkheEQ;ﬁ%rgo%%Q%h%”Eo bﬁ&E EP% @%%W%hﬁssEon of a

becanme congestion and bandw dth wusability becane

| n liehirs iagh gdiamen becav@e whenwbaeléaﬁﬁﬁﬁbrhgaherEbembd by
is flowm by sending the I earning frane throug

patiseopfiosi beokbdchbe Fabhewhtth bhceRpafssibanahgf ranme
flows, the | earning process can be functioned, the
necaotikivdngetheonddarskeoferedbatdctr nodbe¢hsragnafter
congestion, and the bandw dth usability can be
|nﬁﬁé@€§edcﬁﬁvéﬁtﬂoﬁapuycemheg”a frame having a tag

25 indicating a destination was transferred, it was
necessary Fidpr&di saspyblesk| diagnem| srowbodtaan

.on ta ode address of a node to_which the -
§ §9PﬁaFgB§ i BRt EERerpfhetRgLERRe) 628 Withg@esource

di he d MVAC
adhPaE TR, fp CERBOAFRERY, OTRE CRS:RREYPBK MRgording to

adgﬁgsflrst embodiment of the invention shown in Fig. 1.

The Ethernet (R) frame 62A with a source tag is
similar to an Ethernet (R) frame 62 with a forwarding
tag according to the first embodiment, except in that a
bit indicating the source tag is added to the
priority/tag identification information 6201 contained
in the tag 620.

Fig. 42 is a block diagram showing in detail a
configuration of the table search unit 203 according to
the first embodiment shown in Fig. 10.

The table management unit 2031A differs from the
table management unit 2031 according to the first
embodiment shown in Fig. 14, with respect to the
operation performed when a mishit in the MAC forwarding
table is notified from the information comparison unit
2032 and the operation performed when a broadcast or

multicast address is set in the MAC address 601 shown in -
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and the expansion tag to be correspondi ngly added can
be 5 correlated in each node by containing tag
information in the |earning fysgme, and the setting
operation can be automated. The present invention was
descri bed above with reference to the preferable
enbodi nent and exanpl es, but 10 the invention is not
limted to such enbodi nents and exanples but can be
pragtj ced in various nodified nodes without departing
fromthe spirit and scope of its technical idea. 15
(Second e i ' of _t p t
vention a1 Tonss faiGgeRtnEThATL E0s 1 pny RePEEREE

r efegiboldithen® Reediawy €9§ram3h?h§gﬁgﬂgtﬁ??g?%ﬁ@@hkogort.

the present invention differs from

enrhei vedt ithehWeeh@epes! thelBoadlabil $briy82A¢EY kable
that, instead of transmtting a |earning frame, "the

se@20dd estiedi amntinpddsvanNexpagnasoa kbggi€ontaiBi ABtified
the address of a source node to a unicast frane for
whitzbhmt hbedésf praticdoni somprodaon hnbadezasp ofrahe or
nmul ti cast frame; on receiving a franme with said 25
expaRvrsRNERgOofaangdshitainsthe Ma€ofopavavdingt hebhea2043,
MAC address and a tag address by use of the expansion
.195. 1¥hd Bresdgapespechulsicpat addressohascheedi sehtin

- 3 does.not-transnit a learning frane to entries
mh%gﬁ ﬁﬁ?ﬂtbﬂPeﬂ%geﬁdﬁﬁ%ﬁsaging is conpleted. In

e Seoon iy SR I WL AL G Fecona

le@ﬁﬂ&&ﬂm&ﬁtpeﬁBQQGEQ,bgetermines the port through which
it should send a frame by searching a broadcast
forwarding table 2042 using the address of the own node .
as a key if it is notified from the information
comparison unit 2032A of the occurrence of a mishit in -
the MAC forwarding table 2043 (that is, if a destination
tag to be added is unknown), or if a broadcast or
multicast address has been set in the destination MAC
address.

The information comparison unit 2032A differs
from the information comparison unit 2032 according to
the first embodiment shown in Fig. 14, as to the
operation that it performs if it is notified from the
information comparison unit 2032 of the occurrence of a
mishit in the MAC forwarding table, or if a broadcast or
multicast address has been set in the destination MAC

address 601 shown in Fig. 41.
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5 use of a broadcast frame with an expansion tag
containing the address. of a source node (hereinafter
referred to as a "source tag")I Fig. 41 is a block -
di agram showi ng a configuration of an Ethernet (R
frame 62A with a source 10 tag, which is transferred
over the network according to the first enbodi nent of
the invention shown in Fig. 1. The Ethernet (R) frane

62A with rce i,s simlar to an Ethernet (R
frangn62 3E&huan9§ &ln&etFﬁﬁch&BrélﬁﬁaFShtﬁé &PPSMAC

i h t
TS 3, g 1 P s
0
Sy g g-“atgl%a#eé%gwh% 150, 4, §Rp, e
a u cearding ..
fg&@;?ﬁﬁﬁgﬁ%ﬁS%m%%%bgﬁﬁeﬁniﬁ Q%BZ.%EFQ%Qﬁ?g %% dhR9fFirst
t aiomaneat BB i¥iet 2031 Acdhiteks Eh@”&hﬂie hahhGement

managenent unit 2031 according to the first

-~ emoaditm208 1sbawn doesFngt %ﬂecﬂfiba&ﬁ?pQﬁbﬁ%ﬁcthﬁhe frame

operation perforned when a nmishit in the

f oremwdiegudstt 2b6betbsmakei &i edwkiea.t he i nformati on
conparison unit 2032 and the operation perfornmed when

a broadcas®nothenothérabandddifsa meshbit ism déeedddd in a
address 601 shown in - 134 Fig. 41. The table _
nmefig8ERBnPLukhe ¥A3G1fprwardingrtablend0ddmear ifcai ves

a frane through the downlink port. The unit then

seg ggg&?ﬁeo rBadtasastordgrasaghaapbeen set in the

destination MAC address, the information comparison unit
2032 according to the second embodiment not only
notifies the table management unit 2031 but also, by
means of tag information 20323 and tag control
information 20322, instructs the frame rewrite unit 205
to additionally insert into a frame a source tag
containing the ID of the own node.

By the operation described above, if a mishit is
detected in the MAC forwarding table 2043 by the frame
search unit 203, or if a broadcast or multicast address
has been set in the destination MAC address, an input
frame will have a source tag additionally inserted and
will be broadcast along a tree route formed with the own
node as the root node.

Fig. 43 is a block diagram showing in detail a
configuration of the learning management unit 202A

-according to the second embodiment. The learning
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5 2042 using an input VLAN tag as a key if it is

notified fromthe information conparison unit 2032 of
the occurrence of a mshit inu%he MAC f orwar di ng

table 2043, or if a broadcast™“Or nulticast address

has been set in the destination MAC address. 10 The
tabl e managenment unit 2031A in the second embodinent,
however, determ nes the port through which it should
send a frame by searching a broadcast forwarding

{ aMAPSRERE N (-t 140 2 (REdST g e Aedenings fxame

key if 1t.is notified fromthe information 15 .

ConB RIS A TAREIRTSIY Bt 207 @ReeTSing hPshbe FATSt
th Lorwarqi t.ab 20 (t.hat .is, ,if .

de% |ngF%%ﬁ%@fgﬁH?bJ%%Egﬁhe§§Vsl ﬁﬁ@%nfpeoﬁePFnéng frame

brﬂ@ﬁ&g@%m$E Egigéﬁtigd%%ﬁiﬁggﬁﬁ o%%ﬂ Sﬁ%a&ﬂihgeframé

desti ndati on I ess. rmati o

COnRRalgeRR NN 40344 1di ffers fromthe infornation
conparison unit 2032 according to the first

embodi nent TaBOWBakrRihhOfrdfie A8nhfehBRt QRSEARHOTAL BREfers
it perforns if it is notified fromthe 1informtion

coffpam the 1eairnifg?2 febmehRanagemeaBcandt 202% Ht&Bkding
in the MAC forwarding table, or if a broadcast or

mukoi thet faddtesmbbdimbaenshewni hint Régdesi, naitAnrdbgect
address 601 shown in Fig. 41. -135 If a mishit is
detectbe Ppezatdanchevformed Miienf bheandihgreebives a
2043, or if_ a broadcast or nulticast address has been
sefTramet Kithedni A¥PRBAINACtaddindicathng ansowneei address

conmpari son unit 2032 according to the first
QB frame header gnformationg(source tag).

On receipt of frame header information 20141, the
learning frame management unit 2021 in the first
embodiment always checks the source MAC address and then

.makes a request for the transmission of a learning frame,
regardless of the header structure of the frame. In
other words, the learning frame management unit 2021
first checks the MAC SA table cache 2025 to see whether
the same MAC source address as the one in the frame
header information is entered or not. Then, if there is
no such entry, a learning frame transmission request
20231 is output together with the frame header
information 20141 to the transmission request unit 2023.

The learning frame management unit 2021A in the
second embodiment, on the other hand, checks the header
structure of the frame on receiving frame header

information 20141. If the frame has an expansion tag
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5 enbodi nent notifies the result to the table
managenent unit 2031 but does not specifically
instruct the frane rewite unsh 205 to nmke a :
rewite. On the other hand, if a, mshit is detected
in a search of the MAC formardlng table 2043, or if a
10 broadcast or nulticast address has been set in the
destinati on MAC address, the information conparison

t ..2032 according to the second enbodi nent not. only
o HTHER D (ils S haiom BHEe AAHE S0 SATOoy L) e

et st SRy &&éo n?ﬁﬁtﬁ% Faltel @043 Instead,
5 Otnd weAlIIL AR oI | HBLG, Al 30 S9UDER:E8%0n
deseiquad 29%a, t'%f%h%&sahkh!%hed%Eggbeﬂeaﬁ h§n¥%9matlon

forwarding table 2 e frane search

20301an lhsawa&aa@hesbagb EﬂlEh%a%argédé&ﬁédlmgﬁtb@ﬁen the
set in the destination MAC address, an I nput rame

MAthhsmecacheut@blbaﬂoéédhbtoﬁéhhﬁlhnﬁﬁrbﬁ@rgngf ¥ht! same
be broadcast ‘along a tree route formed with the own

nodadCasoulreer adtireede. 25 Fig. 43 is a block di agram
showing in detail a configuration of the |earning
managenent Onnkecedeing afcamei hgatert irfeeeatilon 20141, the
enbodi nent. The | earning -136 nmanagenent unit 202A

di tearsingofirane manpgemgntrundt 2PaAbdnvhecka the header

agement unit 202 according to the first enbodi nent
shﬁﬁ%UFﬁuFFnglﬁ?eiﬁrﬁﬁﬁt a2Re LEaihi Aindsakpat the frame

is added an expansion tag indicating the source node
address (source tag), it proceeds to check the MAC SA
table cache 2025 as to whether the same MAC source
address as the one in the frame header information is
entered or not. If there is no such entry, it outputs a
learning frame transmission request 20231 together with
the frame header information 20141 to the transmission
request uﬁit 2023, as with the case of the learning
frame management unit 2021. At the same time, it enters
the MAC source address information in the MAC SA table
cache 2025. If the checking reveals that the same MAC
destination address has already been entered, no
transmission reguest is output.

The learning frame management unit 2021A is also
provided with a function of clearing to zero the MAC SA
table cache 2025 according to a reguest from the aging

-request acceptance unit 2022. This operation is the same
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 t hORPACTIRT & Ehcalive

managenent unit 2021 is replaced with a |earning franme
5 managenent unit 2021A. The | earning frane managenent
unit 2021A differs fromthe |earning frame nmanagenent
unit 2021 according to the fi¥8t enbodi ment shown in
Fig. 12, with respect to the operation perfornmed when
the unit receives a 10 frane with an expansion tag
indicating a source address as frame header

i nformati on (source tag). On receipt of frame header

i nfas nete ome2 @ekif ormieel Hyearhs Agedumdng rfaraage mamia gemieint
2021 in the first enbodi nent al ways checks the source
MAGHHGdrZd9st .and t hen 15 makes a request for the

transm ssion of a |earning frame, regardless of _
t he. header Fd@rudtuié of flRw rhawxé. ildussrasingoingsdetail an
the | earning frane nan%%gnent uni.t 2021. . first checks

9 by e dsermping mpsagsment

MAC dr, t.he one.in.the frane 2Q header
| nEBRREATD F0% 10 FEPe 158t SIPOMERAY SDOHES 41 E1Gno23-

SuSRI e Bl G008 (LATE LARTLARARaC COUEE e
SRR R o e LRSS cteQyChuthen: 1

25 tgRc erdpahadi MBRL , £ Ot Nee ShbEE b@”&aégafé:ghnéeﬁea

header structure of the franme on recelvin

headatfningf ¢radbi 8RodPd4be thrahBRittaABoPRafcANcan be
expansion tag - 137 indicating the source node address

(sewleettdgby thenghhly €hesopetraseanah bBeuPpPeBAtEaCHeLep

tabl e 2025. Instead, the unit always outputs a

| eNPA0Ad finakbet fanshi embodiment shown in Fig. 25. The
second respect is that the setting, Ptype=0, is used so
that, when an entry is written into the MAC forward
table, it is always registered as an entry for which a
learning frame is not transmitted.

The steps N0101, N0102, and N0104 to N0106 are
the same as the step N0101l, N0102, and N0104 to N0106 in
the first embodiment shown in Fig. 25.

In the step N0103, the judged result by the frame
analyzer 201 notified in the step N0101 is examined, and
if the frame to be learnt has been input from the uplink
side, the process moves to the step N0105. If it is
input from the downlink, the process still moves to the
step N0105 whenever the setting to disable the
transmission of learning frames is being used. If it is
input from the downlink and if the setting to enable the

transmission of learning frames is being used, a
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request 20231 together with the frame header
information 5. 20141, as with the case in the first
enbodi ment when the MAC SA cacghe tabl.e does not

contain an entry of the sane C source address. On
recei ving frame header information 20141, the

| earni ng franme nmanagenent unit 2021A checks the header
10 structure of the frame, and if it finds that the
franme i s added an _expansion tag i ndi cating the source
nod€arRddde S ameodpc Erapgnitiedppaeechy setshaekPEype to 0.
MAC. SA t gle cache 2025 as.to whether the sape MAC
SolPER B44PESDAKInGNE SRELLAT AE FRafetheadipsequent

i nformat.i.on is_15.entered_or not. If_there is.no _suc

entry o 0t BnPR 88 LPRaPR HEArRARE EFaRSR: YTHErnot Be
re 3 : (.t h he_frane header

| PSFEbridd apkaReESRRLY Y shenBrobaRE HETREoLkRe ster
20%420a2S With the case of the learning frane

managenent unit 2021. At the sane tine, it enters 20

the MAC sonreer@ddssssat D6RT ER&AOTe | O Lilfe Mcoty t abl e
cache 2025. If the checking reveals that the sane MAC

deginbbaiinent awdl esbe hagsaliBadywDERNr&PéLEREe O Fig. 45.
transm ssion request. is output. The |learning frane

managenment InnthiL AA $sbsb@oen? Ssencaedividiams, the
function of clearing to zero the MAC SA table cache
2026quenoce dpfigatmainreigesl frame thithgpoEexpagsbst tag
acceptance unit 2022. This operation is the same -138
asatfedohe pedionted hy ahethieasolid livee Mheagewence of
unit 2021. Fig., 44 is a flowchart illustrating in
def afpinpsignal frame with an expansion tag (i.e., a
forwarding tag with the address of a node to which the
destination client is connected) is indicated by a thick
- solid line. The sequence of a main signal frame with an
expansion tag (source tag) is indicated by a thick
broken line. The sequence of a learning with an
expansion tag {source tag) is indicated'by a thin broken
line.

Fig. 45 is a sequence diagram, showing the
exchange of frames between nodes and clients, in which
the client C1l sends PING REQUEST to client C2 and the
client C2 sends back PING REPLY to the client Cl1 over
the network according to the first embodiment in Fig. 1.
It is assumed that the setting is such that no learning
frames are transmitted.

The sequence N211 is a communication sequence

‘between the clients C1 and €2, which is performed before
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operation of the event 01 by the |earning managenent 5
program 302 in the first enbodi nent shown in Fig. 23.
Referring to Fig. 44, the second enbodi ment of the
present invention differs fromthe first embodiment in
two respects. The first respect is that whether a
| earning franme should be transmtted or not can be 10
.sel ected by changing the operational setup of the
step NO103A in the first enbodi nent shown in_Fig.
Théhes dansnissdony ofs BING REQUESE: freg, theyséésntu §1 to
us that, when an entry is witten into.th
foﬁ%ﬁ?&llﬁgﬁlgz il aﬁﬁ&??npggNgﬂgre&ngswgﬁcgnﬂPV°1ves

f whi h 15,1 f tt d. Th
Y RORE RBEOZ AN K107 P BmREB0RTa AARE Eam.

P AT EIBlo BB DO M0iRR £ Al <ne

. th%ﬂl%ggeézr%%gbbn9£ h%lg%haﬁﬁleﬂg éTa%X%ﬁrAﬁglREﬁLY

notiri in.the"step I S exam ned, and

frame to bgel eRENELhAE BEeEhénEH?uéﬁQSWﬁ@?lUp£h8k
side, the process noves to the s [f7it is

I neetmbihogathendewakigkist B8 PHRCEGS: Shi hbtWB¥RSobration
the step NO105 whenever the setting to disable the 25

tr hasnijasiostattbdaoni ag hdegeatelybkbng tsmd. haé Lapsed
is input fromthe dowlink and if the setting to
enabheet hbe teaménassonnodf theapnevjohs acemmisibatign
used, a -139 learning frame is transmtted once by
seb?tﬁ@ept?bé cbientsTRdnandf €er MAR| addueset ¢ingfsbhe

that .the subsequent periodic transm ssion of |earning
frafdent £ apg fddress gl of a node to which the client

Cl belongs, as well as MAC address c2 of the client C2

and address g2 of node to which client C2 belongs, have
not been learnt by the nodes Gl to G4; the ARP cache of
each of the nodes Cl, C2, and C3 has been cleared; and

an ARP resolution is required before issuing a PING.

First, the client Cl sends to the client C2 an
ARP REQUEST frame with a destination MAC for broadcast
(i.e., destination MAC address is ”ALL F”) and a source
MAC of c¢l. This frame is referred to as the ARP request
frame in the following description.

The node Gl receives the frame through the
downlink port. Since the destination MAC is a broadcast
address, the node Gl adds the source tag gl to the ARP
REQUEST frame and broadcasts the frame along the tree T1
according to the first embbdiment, shown iﬁ Fig. 34,

formed with the own node as the root node. As a result,
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performed automatically, the process noves to the step
5 NO104. A first operation exanple of the second

enbodi ment wi Il be described with reference to Fig.

45. In this and subsequent segg nce di agrans, the

sequence of a main signal frame with no expansion tag

10 added is indicated by a thin solid line. The

sequence of a main signal frane with an expansion tag

(i.e., a forwarding tag with the address of a node to

whitdi® ARE® REQUESTaifrémee| ii8nthes fespascpédpougce tagged

indicated by _a thick solid |linge. The sequence of a

nai %ﬁﬁﬁ%ﬁ (R)adEafie §228n sS2evay pANEiLan f4g ASolrapsferred

taqQ) is.indicated by t hi.c broken |ine. The

se%ﬂbh@?boghg Pe Fﬁiﬁg ﬂPﬁhégn expansi on tag (source

tag) is ingLeahed DY@ hAl Fﬁx?i%egn uhD€arht Isoipcl Sue c1
o] e anes

sequence dragrany Show n exchange o r

be e i SR L.eh. .t i

sordoeR RASRRRALLSE, £8h thk"lbitnl BEaly | ERE fode o1
sendarhacknBeNGhBERRY LAdrBSsCLienl EdnA¥eted! 88 the port
network according to the first enbodinent in Fig. 1.

| t ohstBesdohedlinRt sihe.sehtléWrhing UEkhmdats Nfot
| earning 25 franes are transmtted. The sequence N211

| StzaneniiBedabtoBhiequemnee bbehueenthbesettenystél disable

and C2, which is perforned before -140 .the

t r shentranemistiBhNGE REEWESIngr brambs t6ikaingl used.

the client C2 in the sequence N212, and which invol ves

two steps: Thtenetle @3 TeceivesnihooudP. thelorekink port the

. ARP REQUEST frame with a source tag gl which is sent
from the node Gl. The node G3 then broadcasts the ARP
REQUEST frame to the tree T1 and the port on the
downlink side. The frame to be transmitted to the
downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or
remove the tag to or from the frame to be transmitted to
the uplink side. As a result, the ARP REQUEST frame
removed of the source tag is transferred through the
downlink port to the c¢lient C3.

The node G3 learns that the client C1 having the

MAC address cl is connected to the downlink side of the
node Gl having the expansion tag address gl. Thus, when
a frame addressed to ¢l is received from the downlink
side from then on, the expansion forwarding tag gl is

added to the frame to transfer to the root port side of

the tree T1.
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Resol ution Protocol) REQUEST to the client C2, and the
5 client C2 responds to the client d with ARP REPLY.
At the start of the sequence h%% the comunication
status is as follows: a networ operation has just
started or an adequately long tine has | apsed since
the term nation of the previous comruni cation 10
between the clients O and C2; MAC address ci of the
client G and address gi of a node to which the client
c 'beIongsThﬁscﬁkPﬂtag MAECa iR ®skhe 2ARP REQUEST chrame
and address g2. of node to which client

bel ,
hat&angEerpednPye PRt PEYe: FBHeglﬁﬁang d&ﬁlgﬂggw

c| Baraiseahas ERaRretrd BPLERgRerE Togh: Peli BeFgpeche own

ISiBIhg ePING. First, the client C sends to the
cl i-énf 85 ah” ARP REQUEST frame with a destination MAC

.ng gggagcg%%r%éan%éNg§§é#6@§ £§¥§@g§ranea&§ r§¥ red - the

toaRS REGUABT FeameSkhith’efB 58ukbe L84l oW ant from the

description. The node G receives the frame through

t hgoddognl i nkhdaidde ENGhdd HEREId N d WhdVARE REDUEST
broadcast address, the node Gl adds the source tag gl

t ofikhRe ARD €he RECREST1f andethadpbroadnathe ddwenliakeside.

along the tree Ti according to the first enbodi nent,

shdhe fnakegto3de tfensmilttedhtohehewlowotienksside is

root node. As a result, -141 the ARP REQUEST frame, in

t heehovedt oﬁftbeusgerceg‘geq before nleell(lm)sem'an@u’ezAAt this

shown in Fig. 41, is transferred to both the nodes G3

angimg, no operation is made to add or remove the tag to
or from the frame to be transmitted to the uplink side.
As a result, the frame is transferred through the uplink
port to the node G2 along the tree T1 without any tag
operation performed.

The node G4 learns that the client Cl having the
MAC address cl is connected to the downlink side of the
node Gl having the expansion tag address gl. Thus, when
a frame addressed to cl is received from the downlink
side from then on, the expansion forwarding tag gl is
added to the frame to transfer to the root port side of
the tree Tl.
The node G2 receives through the uplink port the

ARP REQUEST frame with the source tag gl which is sent
from the node G4. The node G2 then broadcasts the ARP
REQUEST frame to the tree Tl and the port on the

downlink side. The frame to be transmitted to the
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Because a frane having an unlearnt source MAC cl 5

added has arrived fromthe downlink side, the node G

| earns that the MAC address Qh S connected to the

port on the downlink side. A F arning frame is not

transmtted at this tinme, because the setting to

di sable the transm ssion of |learning franes is being

used. 10 The node G3 receives through the uplink port

th ﬁ&? ?FQUEST_frane with a source tag gl which is |

seRPYIL LB PhEenddeTBMOVEHeORoBRE BOVRER bREaREASES being
ne,to the tree TI and the

{ pgen Esvlﬁ?? SES RS TS, i ‘?Q??e“t‘?‘hrﬁs%fi‘?%‘%o‘{% g8, or
.1 i i i

bg?ﬁ{é&/}gejﬁpgoﬁ%gekf’s?ﬁsg%ﬁn%fg PSSO Ea! PafEhffea o
FrEn8T upl ERVE1HEE 120 4 Sduily VUL dd if T it D rame

REGLESTefir 8FBLhEeBBYREe 0L ol Nes SPHELEFEABeli Sthrough . the
transferred through the 20"downlink port to the Client

C3dowh®inRdgoLB t8atne Ehaénthez¢lient C having the

MAC address cl is connected to the downlink side of

the node The havdegs2 hbe&xapanshiaon f1eg EXiESSCYlhaving the
Thus, when a frane addressed to cl is received from

t hBAQoanMite@ks 281 sislecOnnertddntonthe hdownbimki ide of the

forwarding tag gl is added to the frane to transfer

t one@e Gbokapony theleeypansienttrae addreds2gThe Tusenwhen
C3 receives the ARP REQUEST frane transferred by the '

- noeframe pddressedstenel s arrceiierd ubeon hehe cdppast ik

| P address does not nmatch the own . .
side from then on, the expansion forwarding tag gl is

added to the frame to transfer to the root port side of
the tree TI1.

Therclient C2 receives the ARP REQUEST frame
transferred by the node G2 and confirms that the
requested IP address matches the own IP address. The
client C2 then generates an ARP REPLY frame with a
destination MAC address of ¢l and a source MAC address
of c2 and sends the frame to the node G2. This frame is
referred to as the ARP REPLY frame in the following
description.

The node G2 receives the frame through the
downlink port. When a tag to be added and an output port
are searched for with the destination MAC used as a key,
it is seen by the previous learning operation that the
expansion forwarding tag gl may be added to the frame

addressed to the destination MAC address cl to transfer
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| P address. 5 The node (4 receives through the uplink
port the- ARP REQUEST franme with the source tag gl

sent fromthe node GlL. The nqgg_cn t hen broadcasts
the ARP REQUEST franme to the tree Tl and the port on
the downlink side. The frame to be transmtted to the
downlink side is 10 renoved of the source tag before
being sent out. At this tine, no operation is made to
add or _renpove the ta or fromthe_ frane to_be
trans

et E8FoPORE § ﬂ%ﬁ?stB@.trﬁg Tl-estiperefore, the
f [ f dth h th [.i. nk t,to t
B AR bR, KRR R
T I i ent
DL he NS, Chel ROkl TN

downl i nk spde géetﬁefrgﬁgeygﬂiﬂév' guﬁféﬁfﬁPaQ ifé?tﬁﬁb c2

address gl. Thus, when a frane”addressed to c

r eaaq¥8dnhEoRkrhGedO¥RbinnkndOasiA®i hkOBE BBENLAB. nbBE G2
expansion forwarding tag gl is added to the frame to

tragatae thatheheomhcpanlireébgdec?f ist Benheeeed! toTHRe port
node & receives through the uplink port the ARP

REQuEShef davnlihkhstille. s@rbeadmihgl £ vdme his sasent 25
fromthe node G4. The node & then broadcasts the ARP
REQUESSmithed ab thiésttimeTlbeansusbether sebhingeto disable
downlink side. The frane to be transmitted to the -143
do®hei hkapsuessiopenbyvigashingefsameseis apebegonsed.

being sent out. At this time, no operation is made to

add or rechRenefR ¢hgreceibres rigweush fihpeurbine port the

transmtted %o . . . .
ARP REPLY frame with the destination expansion tag gl

sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree Tl1l, the node G4 transfers the frame
received through the uplink port toward the node Gl. At
this time, no change is made to the frame. Therefore, a
tag is not added or removed, and-the MAC address is not
rewritten.

The node Gl receives through the uplink port the
ARP REPLY frame with the destination expansion tag gi
which is sent from the node G4. And, the address gl
indicated on the destination expansion tag is the own
address, so that this expansion tag is removed, and the
output port on the downlink side is searched for with

the destination MAC ¢l used as a key. Then, it is seen
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the uplink side. As a result, the main signal frame 5

renoved of the source tag is transferred through the

downl i nk port to the client 4 The node & | earns

that the client C having the RAC address cl is

connected to the downlink side of the node Gl having

t he expansion tag address gl. Thus, when 10 a frane

addressed to cl is received fromthe domnlink side

fromthen on, the expansion forwarding

adB¥dthe PrREVEPYFe 1€érﬂﬁ-8EsPEPrPGlPﬁeWPéég B@FF eﬁdthe
tree,TI. The client C2 receives, the AR

REGOI TPk 5 de) 516, BRGPcPREGng, hRe RS RLNAS GRAMAC

dd h
ouASHESRgaPds 45 FRRSEFRENEO o TREC HorRr IS HRfoh

REEEXnEE@%ECWg f@amge%{p Eg& ng@%agdﬁéﬁéstﬁi—oﬁ%ha?ﬂich

a source dress e frane

nogﬁecgllgﬂkng{?gecbﬁnggtégferred to as the ARP REPLY

frame int oW ng escription. The node &

receives tfgef&af@nt N PUBECL Poes dONE! hatkn POLdnaeFarie

tag to be added and an output port are searched for

W hldtegsdastonsheodedindcednagne Kalredd €1 wBiskels
by the previous | earning operation that the expansion
f otnandfagredgbygl thayndbde adtled Simdéne:He ates t iaddriess ethAC
to the destination MAC address cl to transfer -144 to

t haddoess poatchbedetbé oWe MAG@eaddredbeckf otkke ¢hient Cl
node (& adds the expansion forwarding tag gl to the

f regeehvidst thisf érame ané pagieessit to the ARP module,

which in turn records the MAC address corresponding to
the destination IP address in the ARP table.
This‘completes the description of the
communication sequence between the clients Cl and C2,
which is performed before the transmission of PING
REQUEST from the client Cl1 to the client C2 in the
sequence N212 and which involwves two steps: the client
Cl transmits ARP REQUEST to the client C2, and the
client C2 responds to the client Cl with ARP REPLY.
The sequence N212 is a communication sequence
consisting of the exchange of ICMP ECHO REQUEST (PING
REQUEST) and ICMP ECHO REPLY (PING REPLY) between the
clients Cl and C2, which is performed under the
following conditions: a long time has not lapsed since
the exchange of ARP REQUEST and ARP REPLY between thel
clients Cl1 and C2; the address gl df the node to which

the client Cl belongs, corresponding to the MAC address
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Because a frane having an unlearnt source MAC c2 5

added has arrived fromthe downlink side, the node &

| earns that the MAC address c% és connected to the

port on the downlink side. t arning frame is not
transmtted at this tine, because the setting to

di sable the transm ssion of |learning franes is being
used. 10 The node &4 receives through the uplink port

the ARP REPLY frame with the destination expansion

t a§lgP£f §éﬁtcﬂﬁéﬁ¢tﬁérnbé§ bﬁenA&GarPﬁebBuFb%tn®@?$ §3 to
retrieved wth the destination expansion tag ed
asGé kEpe OFRBHE Besauggrth%eoﬂﬁguﬁdﬁs?%st} ? the “Client

BB g  atPaadk  Btno ten il ny | Endciee L %%%te@%ﬁ
“8&% §ESobbe £ "Ehitﬁﬁ@hvs(g{é'géoggh ; ';glﬁggéﬁén@ %} has

toai?@g&ﬁaﬂgeangﬁgéga @hetﬁgdés?EOtc;¥“§H$d¥d be_ﬂa§ed

renove t he ress 1s no ewiltten

: nogﬁa\@ltﬁéc%&fésé. hé@“&f‘ thE HBhE o PRRich h@heﬁﬁ? c2

Y frame wth the destination expansion tag gl

théhohés$eébrfé§§bﬁ@fn@036 He MR, adifes8ldE2SSE Odhe

i ndi cated on the destination expansion tag is the own
25cafleness?, shat hadt tihéen expanst Oy t tlge | SodesuyEdto 2Bl yet.

the output port on the downlink side is searched for

with the Eiesst hathomcMehtc|Clisszhds to ke clhiemt id2 an

is seen -145 by the previous |earning operation which

pof€MBfECHR RBOMESPKIxdme wikeh ndddesiimakiemdiAC of c2 and

destination MAC address cl is connected to.

Thar2Pe¥ee MAG ¢bgel g This frame is referred to as the
main signal frame in the following description.

The node Gl receives the main signal frame
'through the downlink port. The destination MAC is used
as a key to search for a tag to be added and an output
port, but the search does not make a hit because the
learning of MAC address c2 has not completed. The node
Gl, therefore, adds the source tag gl to the main signal
frame and broadcasts the frame along the tree T1
according to the first embodiment, shown in Fig. 34,
formed with the own node as the root node. As a result,
the main signal frame, in the format of source tagged
Ethernet (R) frame 62A shown in Fig. 41, is transferred
to both the nodes G3 and G4.
The node G3 receives through the uplink port the

main signal frame addressed to the destination MAC c2

"sent from the node Gl. And, the output port is searched
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transfers the frane to the downlink port through which
the client Cl is connected. The client Cl receives the
mai n signal frame addressed tg_the destination MAC :
address cl which is transferﬂga by the node Gl. Since

t he destination MAC address matches the own MAC
address cl, the client C1 10 receives this frane and
passes it to the ARP nodule, which in turn records

the MAC address corresponding to the destination IP
addP&Esyith the ﬂﬁﬁtﬁaégéonTﬂﬁg génpsededst fekey, but the
descrlptlon of the communication sequence between the

C| F"@ﬁ?g Cﬂoﬁﬁdn@? ma}_Eg anhéh p§°6€??o?h%d1%%¥%¥%gt% the
NG REQUEST th I t C1t th

ot RBRT 583k Rhs o heS fahccoReA 9B a vHIHs SaRRol VHE (Hite ©3

t he, cl | t Clt R EST t

o1 BBgaabBS g LR mall F%ﬁ?‘%‘@z’%ﬁ‘&%o‘ﬁ%? re8 Fiapa the

Cl 3%£ho§REh§EEBJhlEQkTEfd§eq o Hb transm#tted

ni cation sequence CONSI S ng o he exchange 0

(R SRS LEh 4 LIRSS i hesore

pebéohgedentdent | hend alHi0M HiGneC O St idd GRY rldde to
has not |apsed since 25 the exchange of ARP REQUEST
anddARbr Ritthdvdetheebad heo 6fi £ndm €He afwchifi@; tdé Mse
address gl of the node to which the client Cl
betoagsmi toed espotie Ngp1ink hei ddAC addreesesulil6 thel mafin
the client O, has been |learnt by the nodes & to &4;

t h@lm«u.bufrgm trémoved cof e anice esag cfl ofs ttmwans ferred

G has already been | earnt by the node Gl; and the
through the downlink port fto the client C3.

The client C3 receives the main signal frame
addressed to the destination MAC c¢2 which is transferred
by the node G3 but discards this frame because the
destination MAC address does not match the own MAC
address c3. |

The node G4 receives through the uplink port the
main signal frame with the source tag gl and the
destination MAC c¢2 sent from the node Gl. Since the main
signal frame has a source tag added, the node G4

. broadcasts the frame along the tree T1 and to the port
on the downlink side without performing a search using
the destination MAC c¢2 as a key. The frame to be
transmitted to the downlink side is removed of the
source tag before being sent out. At this time, no
operation is made to add or remove the tag to or from |

the frame to be transmitted to the uplink side. As a
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out put port for the MAC address c2 of the client C2
has 5 already been learnt by the node 4. It should
be noted that the address g2 of the node to which
client C2 belongs, correspondild§ to the MAC address c2
of the client C2, has not been |learnt by the nodes Gl
to G3 yet. First, the client O sends to the client
C2 an 10 I QWP ECHO REQUEST frame with a destination

MAC of ¢c2 and a source MAC of ci. This frane is

r efresudd ,t thesmahe sighalsfgamk fisateanafeneefiothooiigh the
description. The node G receives the main signa

f r 49 inkh peugh tohshgonaenk2palong Thbedbseendli whthpat any
is used, 15 as a key_to search for a tag to be added
an@dditéerpat 56WPV3%qutﬁet§§arch does -not nake a hit
because the a MAC address c2 has np

conpl et ed. ?ﬁlegﬂég' & 5 eﬁec'eh%?%fa%ou%dghz Hép%b%ﬂfcl%ort the
i+ Badn,hEanat, S ePecadfteseaichR Py f6eFhRarton e e2
enggﬂwgg %ﬁsmoag Eh9- 24y, E}r‘{ OJJ%gltW {4 NG, qV

no e.

€ as Foot no As “a'resl |n S1 gha

| ffaﬂﬁnlhﬁktEﬁdéoiQH£e9£1é HE C61 L RIOE dé%@ 2610k Rac c2
i) GhELon,

frame 62A shown 1 n Fig. IS transterre

thgseqdgs &3kapd Qi‘l‘xenThe.l.i’ﬂoj%e & IREIMRS ﬁﬂgﬂl&ﬁﬂs tl'%.%rn:.ng

uplink port the main S|gnal frame addressed to

despenation WRCcE2posensff £RE dben1Dgle &lde Adkle ﬁ&@b
out put port is searched -147 for with the destination

MAtav2ngsthe adest keyt ibnt MAQeaddeasshe2iobs dine@ked ato.
hit because the | earning on the
Therefore, the node G2 removes the source tag gl from
. the frame and transfers the resultant frame to the
downlink port through which the client C2 is connected.
The client C2 receives the main signal frame with
the destination MAC address c2 which is transferred by
the node G2. The client C2 passes this frame to an
application or another program because the destination
MAC address matches the own MAC address c2.
In this example, the frame sent from the client
Cl is assumed to be an ICMP ECHO REQUEST, so that the
basic software on the client C2 creates an ICMP ECHO
REPLY frame with the destination MAC address cl and the
source MAC address c2 and sends the frame to the node G2.
This frame is referred to as the main signal frame in
the following description.

The node G2 receives the frame through the

downlink port. When a tag to be added and an output port
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MAC address c2 has not conpleted. Therefore, the node

G3 broadcasts the nmain signal frane to the tree T1

and the 5 port on the domnlinbﬁg[de. The frane to be
transmtted to the downlink sitle is renoved of the

source tag before being sent out. At this tinme, no
operation is nade to add or renbve the tag to or from
the frame to be transmtted to the uplink side. As a
result, the main 10 sign frame renmpved of source tag

gl are @ﬁéﬁgbéﬂréer WﬂﬁgughetﬁgsaéwﬁWAﬁ@ HaFtUﬁsdtﬁé a key,
cli,ent, C3. Th ent C3 receives the main si

fr is,§8r0s gd & ﬁ€r8é§9|HQFFGﬁlQRCQthaﬁi?ﬁqunce
th d but ds t
LRRTACHRRS 1Y BEBARaton  toarexdiREt T ul ek’ RAC aRded
Uhgop MBCon@0dins8 et T0eHRIRE R ESEEbHORRENAUDes 1

the upli e n si gnal

SOWRCerhagral 28dehBerodeshbpat SgpLefl £@M
t he nog %ﬂg S?%cgh?hgogglhbgg ??QEa f?gﬁeﬁﬁég 29
sopheeeragedddrd, nbhe agdadéé tﬁéoaﬂgaﬁgﬁoﬁhEOE&aﬂalng tag
al ong t he tree Ti and to the port on the downli nk
si ge WbtBﬁutfﬁaméohﬁﬂnﬁranEEakﬁhthélﬁ@sulb&nt frame to the
destination MAC c2 as a key. The frane to be
traode Gted to the downlink side is renoved of the 25
source tag before being sent out. At this time, no
oper ati on The nzolde t 84 adeceivesnoheot gl they wpl Dok fpont the

~the franme to_be transmtted to the uplink side. As a

- 1@8ipesippalt fizamei withghhe deahdnatienapxpersiben tag gl

through the uplink port to the node & along the tree
Tisapghggpmahye node G2. And, the output port is retrieved

with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1, the node G4 transfers the frame
received through the uplink port toward the node Gl. At
this time, no change is made to the frame. .Therefore, a
“tag is not added or removed, and the MAC address is not
rewritten.

The node Gl receives through the uplink port the
main signal frame with the destination expansion tag gl
which is sent from the node G4. Since the address gl
indicated by the destination expansion tag is the own
address, this expansion tag is removed, and.the output
port on the downlink side is searched for with the

- destination MAC cl used as a key. Then, it is seen by

the learning operation of the sequence N211 which port
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addition or renoval of a tag. The node & receives
through the uplink port the 5 nain signal frane
addressed to the destination M@ﬁ sent fromthe
node G4. And, the output port the downlink side is
retrieved with the destination MAC c2 used as a key.
Then, it is seen by the previous |earning operation
whi ch port of the downlink side the node 10 having the
destination MAC address c2 is connected to. ] ]
Thétfeftdiee dowd indd s ide tdhepnesie haviasgr thet dgsylinptden MAC
th&m{ ane and transfers the resultant frame to the
drge encoRpRalat it neltereferes Fhe nods ol

. Th h .
Httrs Lhel ffr oo, Fon AP HoTRA LAk PocE EhpRab, which

tr f b the node The client C2 passes this
%%% ?glgﬁt %1 lScgt cg% another progran1because

the dest | n@hFoel MRE é‘i%?éé&ﬁ&?ﬁé &ano

ame
address c2 I's exanple rane sen ron1fﬁ

_C|%@E&es%@dcko'%h@sﬁBEEQn%ngﬁ gﬁ Qﬁﬁrggﬂo REGHES: is

so that the basic tware on ent creates

an thGMBreeHed BEPkXel haoe wilh the desdivatl OFad¥Es this

address cl and the source MAC address c2 and sends

t hérhmameot ant Rpphadat@&dn ofhkfothafeprsgraheheeduk® the
as the main signal frame in 25 the follow ng
dedesitpnatnonTHACnaddr&8sr maeches the bwanMAChaddgbss cl.
the downlink port. Wien a tag to be added and an
ouﬁputhpsrexammleratheséaamheGSfpasaedhtohehe PING program
destination MAC used as a key, it is seen by the

| edPnthe bpsidt peRtvRrrencbyebépbethe result’ of the PING

command is displayed.

This com?letes the description of the
communication sequence consisting of the exchange of
ICMP ECHO REQUEST (PING REQUEST) and ICMP ECHO REPLY
(PING REPLY) between the clients Cl and C2, which is
performed under the following conditions: a long time
has not lapsed since the exchange of ARP REQUEST and ARP
REPLY between the clients Cl and C2 in the sequence of
N211; the address gl of the node to which the client C1
belongs, corresponding to the MAC address cl of the
client Cl, has been learnt by the nodes G2 to G4; the
output port for the MAC address ¢l of the client Cl has
already been learnt by the node G1l; and the output port
for the MAC address ¢2 of the client C2 has already been
learnt by the node G4.

The sequence N213 represents a communication
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N211 that the expansion forwarding tag gl may be added
to the frane addressed to the destination MAC address
cl to transfer to the root poyt side of the tree Ti.
Therefore, the node & adds t 1éxpansion f orwar di ng
tag gl to the frame and transfers the resultant frane
to the node G 4. The node (4 receives through the
uplink port the 10 nain signal frame with the
destination expansion ta sent fromthe node G2.
AncFeqq?él%tcaﬂSlﬁ&J{nq 93 ét%q dré@smiisshiophef an ARP
used _as a key.

destinatio ansion ta I

REQUEST, Erom fhe Sdiemol2 RO Epabioh tfaé‘te\ﬁapd- ta
?Z i s _always et to.the raqot pat gfh @ﬁ@ )
spg’r‘i’%nﬁglﬂé"é'né %teﬁ’ean&ﬂ’é‘gcai‘lf“rea ePO% ﬁré‘pfsre i8% the
RN S AR R
Theletoeend abAfdl $rdtke20qed l sheRRY and the NAC

ress 1s not |tten e no Gl receives

through th?lEEE'”EhE°E&1&H€ Cﬁaban§ﬁggﬂltﬁéaEE1&?£hC3 an
i ¢

t he destination expansion tag gl I's sent from

t harrogeQGsTSERGRet Betaddr aestihatiBAl AAEEEoRY brBRdcast
destination expansion tag is the own address, this

expABRLOR ) agnds ar esuved, MAQdoEhe2out put 25 port on

the downlink side is searched for with the

dest i nat i oTh&ibdé G2edeasivekeyhe Theame i thrsugkethdy

the learning operation of the sequence N211 which port

- 18owpi inkepdotnl | $kneg dehe hiestodwthiaorni MAQC hiss a broadcast
destination MAC address ci is connected to.

Théfd¥repe, the nRede €2 adds the source tag g2 to the ARP

REQUEST frame and broadcasts the frame along the tree T2
according to the first embodiment, shown in Fig. 35,
formed with the own node as the root node. As a result, -
the main signal frame is transferred to both the node G3
and the node G4.

The node G4 receives through the uplink port the
ARP REQUEST frame with the source tag g2 sent from the
node G2. The node G4 then broadcasts the ARP REQUEST
frame to the tree T2 and the port on the downlink side.
The frame to be transmitted to the downlink side is
removed of the source tag before being sent out. At this
time, no operation is made to add or remove the tag to
or from the frame to be transmitted to the uplink side.
However, the ARP REQUEST frame is not transferred beyond
the node G4 because the tree T2 is truncated at the node

G4.
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transfers the frane to the downlink port through which
the client d is connected. 5 The client O receives
the main. signal frame addrqig d to the destination
MAC address cl which is tran rred by the node Gl.
The client Cl passes this franme to an application or
anot her program because the destination MAC address
mat ches the own MAC address cl. 10 In this exanpl e,

the frame iis passed to the PING program in the basic
softmare B Jhienh time . r £8gl noge GRelPpNas tBakakbei glient

Co R Th'hiee%@ﬁ'exﬁfd%%ﬁ%l?@?ﬁ?%b%%@%ﬁangeeof

RECH CATRG AR T HePW@RHe @ BRVERGS the S#geg3ton tag
Ion(alatrE§S gégoﬁﬁﬁgfaps éﬁ%c% ?%g&%gg anﬂgé%}og‘ fle
fﬁgtdﬁigsi%ﬂ‘eﬁ?? SR@%%%“@%&E@%?%%?%?rgﬂﬂ Phenngne i

t oaaa»scIahbhaxghhaabnofornakemag tsgr 598|een@hegfs:9mteh€o
MAC address ci of the «client been | earnt by

" theraagd€erGRot @heArobepoout BillepeEt ther ti-he ¥HC

address cl1l of the client Cl1 has already been |earnt
by the nodeh&lnodedcshecosipes ploréugdh €he tpeiMAGort the
address c2 of the client C2 has already been |earnt
byAREeREQUBSTAfrane withehbe dBUBceeprpapsionatag g2 sent

conmuni cation -151 sgggence consi sting of the
t r A9 §BeoRode @A . Affhe RRMRISESS fyhgn thrwoaddasits Ghe ARP

C3, whi ch takes glace at a
REQUEST frame to the tree T2 and the port on the

downlink side. The frame to be transmitted to the
downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or
remove the tag to or from the frame to be transmitted to
the uplink side. As a result, the ARP REQUEST frame is
transferred through the uplink port to the node Gl
without any tag operation performed and is also
transferred through the downlink port to the node C3
with the source tag removed.

At this time, the node G3.learns that the client
C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. Thus, when the node G3 receives a frame
addressed to c2 from the downlink side from then on, it
adds the expansion forwarding tag g2 to the frame to

transfer to the root port side of the tree T2.
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point in tinme when a long time has not | apsed since
the conpletion of the sequences N211 and N212, that
is, 5 before the aging process,. is perforned. First,
the client C2 sends to the cli®Af C3 an ARP REQUEST
frame with a destination MAC for broadcast ("ALL F")
and a source MAC of c2. The node & receives the frane
through the 10 downlink port. Since the destination
MAC is a bropadcast address, the node & adds the
source t ag 52 £dieps ARPreREivESTtheaARPAREOBESEdEaNG
according to the firfst

n‘g" fﬂ#e ?ﬂgwﬁ 'dt Fﬂﬁée%é and, cppdixmen thpé ShA
%%gungE?a#?? gggﬁomGBEHESE ﬁo&gnc%gegﬁngﬁé no

ARB%E%é% R R T S T

noﬁ%s@@na%ﬁ%n”ﬂﬂ@ Qﬁd%ggangffﬁgcgﬁﬁs tgguﬁ@@ ﬁﬁslﬁﬁgress

O frane to the tree e port on the downl

'SI@Q-c3TBﬁdfééﬂ&stghéefkaﬁasﬂbtkﬁé h8gkhgzdownl i nk

side is renoved of the source tag before being sent

out. At thTRe ARPEREPDYOPEAméi D8 h8d8@0EhEOdESHiRition tag
renove the tag to or fromthe frame to be transmtted

t ogehetuphenkodedd. aR Heoaehes, thbhendBP BEQLESTthe abPee T2.
is not transferred beyond the node G4 because the

tr &b TRepsisruemaved af the destifdtienlbagAsttths node G2
time, the node 4 learns that the client C2 having

t handnts abres Serrefisthoowglt thiet dowhsink port to the

client C2.

The node Gl receives through the uplink port the
ARP REQUEST fraﬁe with the source tag g2 which.is sent
from the node G3. The node Gl then broadcasts the ARP
REQUEST frame to the tree T2 and the port on the

© downlink side. The frame to be transmitted to the

downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or .
remove the tag to or from the frame to be transmitted to
the uplink side. As a result, the main signal frame
removed of the source tag is transferred through the
downlink port to the client C1.

At this time, the node Gl learns that the client
C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. Thus, when the node Gl receives a frame

addressed to c2 from the downlink side from then on, it
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downl i nk side of'the node & having the expansion tag

address g2. Thus, when the node (4 receives a frane 5

addressed to c2 fromthe downl%%k side fromthen on

it adds the expansion formardi g tag g2 to the frane

to transfer to the root port side of the tree T2. The

node G3 receives through the uplink port the ARP

REQUEST franme with the source expansion tag g2 sent

10 fromthe node (. The node G3 then_broadcasts the
e ypeT FPARELOD LREVATEENT, A ShEOpBhE SRARRGtO

be tra 'ttgd-to he

g%%n%ﬁ%i 38 R4 EhbToRosE BRcLatr EbCL EGoBoaro
| "t EfBVeds 5°B t
add or 15 ToRovbifhe' PhorbbBTyepr AR TR Figugel pEahs

tr%E%HEE%%QeHObgtEﬁeuHBPEkG§igﬁt éﬁaﬂiﬁﬁgg%t héhﬁrégﬁésing

REQUEST frane IS transferred throu _ pl i nk=p
t opebgauBedenEl rehtB0HY §§Ya389eQQeHQgéOH09 ggéﬁeghg own

and is also .transferred through the downlink port t

t hepnadaregs?0 with the source tag renoved. At this

time, the node G3 learns that the client C2 having

the MAC adihisscamplstesntieet @dsdoiptiton dofrdhek si de

of the node & having the expansion tag address g2.
ThasmmwhénathennsdguéBceecensistanfirafretBPé aransmisesion of
to c2 fromthe downlink side fromthen on, it adds

t haneARBNBEQUESBr jveeni hhet aliertt@2the €3 amhich takes
transfer to the root port side of the tree T2. - 153
ThelafeeRt T3PPEREi iRstine wien REQ ST timgehas not lapsed

transferLed bg tfe node EB and confirms that the
since the completion of the sequences N211 and N212,

that is, before the aging process is performed.

The sequence N214 represents a communication
sequence consisting of the transmission of ICMP ECHO
REQUEST (PING REQUEST) frame from the client Cl1 to C2
and the transmission of ICMP ECHO REPLY (PING REPLY) in
.reply from the client C2 to C1l, which takes place at a
point in time when a long time has not lapsed since the
completion of the sequences N211 to N213, that is,
before the aging process is performed.
| In the description of the sequence N214, it is

“assumed that the address gl of the node to which the
client Cl1 belongs, corresponding to the MAC address cl
of the client Cl1l, has been learnt by the nodes G2 to G4;
that the output port for the MAC address cl of the
¢lient Cl has already been learnt by the node Gl; that

the output port for the MAC address c2 of the client C2
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requested | P address matches the own | P address. The
client C3 then generates an ARP REPLY frane with a 5
destination MAC address of c2 and a source MAC address
of ¢3 and sends the frame to t#i2 'node G. The ARP
REPLY franme is added the destination tag g2 at the
nodeG3 and reaches the node & via the tree T2. It
then is renoved of the destination tag at the node &
10 and is transferred through the downlink port to the
cl ibast adreatye beete l6arngcblyvsbet hedegh4thendpkthak the
port the ARP REQUEST frame with the source tag g2
whitdRresss gdt off the nrdensgevwbdchThbensdéent € egelongS;
broadcasts the ARP 15 REQUEST franme_to the tree T2
an§OrRESPOPELBA tRe thswHPnRAdraEs FReOfr R FdigBt C2,
transnmtted.to the, downlin [de i§ renqpved of the
so&?égthﬁ bERGPE Bgiﬁ8°h38%t%bﬁt9°af5tﬁ'stPi 3+ no
operation is made to add or renove the tag to or from
the franme to be transmitted to 20 the uplink side. As

a result, i i r e
fag 15 11 anirarreirniniont Gl sehBENEL AL SIEaRp el %an

cl renp ﬁbHOAkEbbhﬁTtEﬂﬁmetthﬂogedggtiﬁ§£§§ntﬁﬂéd$?gc2 and

client C2 having the MAC address c2 i s connecte

- tha 2butesnrokosi d¢. ofTHie Mate G haddd-dd&o as the

expansi on tag address g2. Thus, when the node Gl
r emeinesignal aframadineshedfdD16wiheg ofesbei goivhi nk

side fromthen on, it -154 adds the expansion

forwarding tag g2 to the frame to transfer to the

root port side of the tree T2.
_ The node Gl receives the main signal frame
through the downlink port. When a tag to be added and an
output port are searched for with the destination MAC
used as a key, it is seen by the learning operation that
the expansion forwarding tag g2 may be added to the
frame of the destination MAC address ¢2 to transfer to
the root port side of the tree T2. Therefore, the node
Gl adds the expansion forwarding tag g2 to the frame and
transfers the resultant frame to the node G3.

The node G3 receives through the uplink port the
main signal frame with the destination expansion tag g2
which is sent from the node Gl. And, the output port is
retrieved with the destination expansion tag g2 used as
a key. Then, the node G3 transfers the frame received
through the uplink port toward the node G2 because the

output port for the expansion forwarding tag g2 is

always set to the root port side of the spanning tree T2.
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The client O receives the ARP REQUEST frame
transferred by the node G but term nates the
processing 5 because the feQUﬁ%%Gd | P address does
not match the own | P address. is conpletes the
description of the comunication sequence consisting
of the transm ssion of an ARP REQUEST fromthe client
C2 to C3, which takes 10 place at a point in tine when

a long .tinme has not | apsed b since the conpletion of
thels St ColTRp 1O FIHNGA A5 WadR §Q thesrgralie e Therefore,

agi 0Cess. i s rformed. The, sequ e N214 ,
reﬁ?ggp r%géﬁﬁééﬁﬁﬁv£éPﬁdﬁ”@%ﬁﬁheﬁggfgﬁﬁéﬁgﬁ G sened s
tr gpsm 'f& égnl(]wD ECHO 15 REQUEST (Pl NG REQUEST)
frame fromthe client C to C2 and the transm ssion of

@ o O ek ST predvep” greghioh thR"LRATnR bERL ene

| oRaitd 88 RS MHanleARAeS $hac %etsfi%lagtqm %Srilp%%s?.font Rey g2

sequences N211 to N213, that is, efore e agl ng

protdsh iis pemtorremh the hblede3cri Bihes fhetl8dress g2
sequence N214, it is assuned that the address gl of

t hé ndddatied by thet destdhiaeibnCexpaneios. tag is the own
corresponding to the MAC address cl1 of the client Ci,
hagddges sl,edivis expaheinodéagGist we@éyed’ thdt thbeoutput
out put port for the MAC -address cl of the client C
ha®o&ltr €adFhee dawndankt shdet he sedzclied fhatwithethe
output .port, for the MAC address c2 of the client C2

- 1865ki8a%iPBa¥ACHEGNUFEEr AF Bykele rBern (4it aiwl agern by

th addr ess gz of the node to which the client C2
be?BﬁgEFeVlou learning operation which port of the

downlink side the node having the destination MAC
address c2 is connected to. Therefore, the node G2
transfers the frame to the downlink port through which
the client C2 is connected.

The client C2 receives the main signal frame with
the destination MAC address ¢2 which is transferred by
the node G2. The client C2 passes this frame to an
application or another program because the destinatiocon
MAC address matches the own MAC address c2.

In this example, the frame sent from the client
Ci is.assumed to be an ICMP ECHO REQUEST, so that the
basic software on the client C2 creates an ICMP ECHO
REPLY frame with the destination MAC address cl and the
source MAC address ¢2 and sends the frame to the node G2.
This frame is referred to as the main signal frame in

the following description.
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corresponding to the MAC address c2 of the client C2,
has been | earnt by-each of the nodes G to G3. 5
First, the client Cl1 sends to the client C2 an 1CW
ECHO REQUEST franme with a destPhati on MAC of c2 and a
source MAC of cl. This franme is referred to as the
mai n signal franme in the follow ng description. 10 The
node Gl receives the main signal frane through the
downl i nk port. When a tag to be added and an out put
port are sBhechedef@? wechivee teetfnamée obhMAGsh uskel
as a key, it is seen by the Iearnlng operation that 15
théoer%aﬁ& BRTtor ISR Y 39 B2 beyaddedidind an qufgut port.
frame of the destination MAC address c2 to transfer to
th@rFOSFaESP?deBE vBithneher destinatiep HRF cusefedhodekey,

adds th f di ng_t to the f
aniC L afSFe; EREhotPBSRPARPLPRARRT VO HAS e sy be

o EaBRdP S ECH gﬁ%eégé%%gﬁs%hﬁﬁuﬁﬁi [ePihatis MR

retrieved w e des ansi on

US@@ aSrhérdt®re ,THERE AR '@deacﬁ%s tﬂr@“%‘)ﬁigﬁmstl% ff rding

recei ved 25 through the uplink port toward the node
begagsg1tbe t@@t%@oaﬁdf@faﬁafe%mlﬁh&pim Of Ffine to
tag g2 is always set to the root port side of the

spahai ngdéres, T2. -156 At this tinme, no change i s nade

to the frame. Therefore, a tag is not added or

renoved, &tk trimldViEd akbresisges sthrough the uplink port the

Vmbﬁaré§ssgft té ?ﬁ%{n%fefog i BR ex% toéli(? tOPoélfle tree

main signal frame with the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1, the node G4 transfers the frame
received through the uplink port toward the node Gl. At
this time, no change is made to the frame. Therefore, a
tag is not added or removed, and the MAC address is not
rewritten.

The node Gl receives through the uplink port the
main signal frame with the destination expansion tag gl
which is sent from the node G4. Since the address gl
indicated by the destination expansion tag is the own
address, this expansion tag is removed, and the output
port on the downlink side is searched for with the

destination MAC ¢l used as a key. Then, it is seen by
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not rewitten. The node & receives through the uplink
port the 5 nmain signal frane with the destination
expansion tag g2 which is sen%iﬂron1the node &3.
Since the address g2 indicate 8by t he destination
expansion tag is the own address, this expansion tag
is renoved, and the output port on the downlink side
is searched for with the 10 destination MAC c2 used as

a . Then, it is seen by the previous |earnin

' nigyg qn9r4iimﬂ'whéQﬂ(ﬂ9nﬂu9ﬂﬁ§m@
gg%% Iﬁ?‘wj;?qll&?ﬁ on ; addre Is c2 I's connected
o AN I At (e G e v e Sasa AR PBG: he

i . whi 15 i ent IS
conmited U 47 %’%}?C&?@f Soer  BISEREORRy ot ghgfe o1

| ¢estd SS C .

tr e e dRgd R B TR PR $RaBler picn

fram Eqi@%t_@gp&@C@bh%@g%%dgnother program because
the destination 20 MAC address matches the own MAC

address c2rhienchhieatersanpb8eilB8 tha"RasANEibhaM FPSme with
client d is assuned to be an | CMP ECHO REQUEST, so

t hahet HesthasitdonoMhgarddedskhelctkyhebh €8 er8akesr2Bd by

| CMP ECHO REPLY frame with the destinati on MAC

adthesnode &Ad tTike 251 bamit 0Bl MAES Selslr Eisds CRranel & naks

the frame to the node G2. This franme is referred to
as@phéigataoni ghaknbtheae progrhwm bethumenghe destination
descri ption. -157 The node G2 receives the frane

-t hMBGgRddRessqBakrhRR pbet OWRhKEACaaddyess bd. adkied il

an_out put port , ) :
examgye,ptge frame is passed to the PING program in the

basic software, by which the result of the PING command
is displayed.

This completes the description of the
communication sequence between the clients Cl and C2,
which takes place under the following conditions: a long
time has not lapsed since the completion of the previous
communication between the clients Cl and €2; and MAC
address cl of the client Cl and address gl of a node to
which the client Cl1 belongs, as well as MAC address c2
of the client C2 and address g2 of node to which client
C2 belongs, have already been learnt by the nodes Gl to
G4.

The node G4 in this operation example can be
replaced with a node E4 which has a simplified structure
of the node G4. The simplified node E4 differs from the

node G4 on the following four points: (1) not having the
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are searched for with the destination MAC used as a
key, it is seen that the expansion forwarding tag gl
may be 5 added to the frame adggessed to the
destination MAC address ci to transfer to the root
port side of the tree Ti. Therefore, the node & adds
the expansion forwarding tag gi to the frane and
transfers the resultant frame to the node 4. 10 The

[ hr; R i h Iy
o ety SRR T ST P S T3, aR0: BRE, gVafia the
f reRAahe _ LS
f:?%FeLed %?ﬁ%%?%ggggs@?%gf'0202§B2K§9gﬁa%agggﬁngsgge

as leak@¥ing ﬁﬁﬁﬁgeﬁéﬁéuﬁ%obgﬁmp@b@UBnQOEhef95m596386, and
expansion 15 forwarding tag gl is always set to the :

roqé)pact seda@ial okheespavingythbetedinihferpase,
transfers the frane received through the uplink port

toward theThede & seddndtbperatidn SRamPBEISE | ShéBE€cond

to the frame. Therefore, a tag is not added or

r espbediment whdlMAE dddcesbeilswhdth ré@feremncéttenFidheds.

node Gl receives through the uplink port the nain

signal frab® this and sebsequenonsegpemes obiagpng, the

which is sent fromthe node G4. Since the address g

i n8FFUERECHYEt RemBdBt fhgRAbNIERPANKi bR RAERRARHEOBVEARY

25 ad&ess,.tgLs expansi on tag i s.rempyved, and the

ouf‘g B pBringrcehe Mﬁiml i gelid Ling chdde sequanse of

th % tLpation.MAC cl .used as a key. Then, jt is _,

segnm %é-iﬁgé?gefﬁ?%%i% Eﬁlﬁﬁr%¥ﬂﬁn %?éf?%n‘%?ﬁ%ﬂFdlng

port pfsdh %gk i sid e Vi ng e

POELg Pl 14 NEn AONPLA Ny Sh Ui B £8P NAYASY IR sequence of
a main signal frame with an expansion tag (source tagq)
is indicated by a thick broken line. The sequence of a
learning operation with an expansion tag (source tag) is
indicated by a thin broken line.

Fig. 46 is a sequence diagram showing the
exchange of frames between nodes and clients, in which
the client Cl sends PING REQUEST to the client C2 and
the client C2 sends back PING REPLY to the client Cl.

- This operation example differs from the one in
the first embodiment shown in Fig. 45 in that the nodes
Gl to G4 are configured to transmit learning frames. In
other words, this operation example combines a learning
operation based on source tags as described in the first
embodiment and a learning operation based on learning

frames as described in the first embodiment.

The sequence N221 is a communication sequence
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address' ci is connected to. Therefore, the node G
transfers the frane to the downlink port through which
5 the client d is connected..ige client C receives
the main signal frame with the destination MAC
address cl which is transferred by the node G . The
client Cl1 passes this frane to an application or

anot her program because the destination 10 MAC address

I LS, I t,h
LR R MRS | S S et erore

S OfHARI§-a fdh 1\ O %EeP&%&yE%ngs&h%rghNghgoggﬁggf5bi to

di spl ayed. This conpletes t escription of

COomReNicAdlein®n coequeRne Rehueske! #8229l 1 RESwhicANdntdives
whi ch takes place under the followng conditions: a

| orgro itepshagheotliapsee1Sitraashhiescanpl REbORsS! tbhen

previ ous comruni cation between the clients C1 and C2;

angliafGtaddr,eaadcichef cllienel Cenire€bonnd eddensscllieft c1

a node to 20 which the client C belongs, as well as

MABiL&ZHJABESRERPLYef the client C2 and address g2 of

node to which client C2 belongs, have already been

| earnt by Rhethedetact of the JFoguendce M221n thes

operation exanple can be 25 replaced with a node E4 )

whfERMHRSCRtIPRpPLERALEE 461 At fipdlovws: t Aen@bderiiopahation
node E4 differs fromthe _node (4 on the

i _
? '()F?a'mphg f 6E?rﬁﬁén?§: ap1pdagpakady nforgictingohas lapsed

TeRh¥e IHRL £8181 hAE QOB O e v i s " mnav 08 1 0
between the clients Cl and C2; MAC address cl of the
client Cl and address gl of a node to which the client
Cl belongs, as well as MAC address c2 of the client C2
and address g2 of node to which client C2 belongs, have .
not been learnt by the nodes Gl to G4; the ARP cache of
each of the nodes Cl, €2, and C3 has been cleared; and
an ARP resolution is required before issuing a PING.

First, the client C1 sendé to the client C2 an
ARP REQUEST frame with a destination MAC for broadcast
(ALL F) and a source MAC of c¢l. This frame is referred
to as the ARP request frame in the description below.

The node Gl receives the frame through the
downlink port. Since the destination MAC is a broadcast
address, the node Gl adds the source tag gl to the ARP
REQUEST frame and broadcasts the frame along the tree T1
according to the first embodiment, shown in Fig. 34,

formed with the own node as the root node. As a result,
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MAC forwarding table menory 2043, (3) not having the
| ear ni ng managenent program 302 and the tinmer 306, and

(4) not sending or receiving the learning frame. Then,
a second operation exanpl e of e second enbodi nent
will be described with reference to Fig. 46. In this

and subsequent sequence di agrans, the sequence of a
mai n signal frame with no expansion tag added is

|nqﬂfat th| solid line. The sequence of 10 a
& %i’ rﬂ‘f‘ean 18 ok Masg off SOR&ECET ¥ggged

di Kk lLid_| Th
of Pepetaet (¥, %daw%a%gkwéﬁawiﬁ B FA 43§ EosgRceTred
ta%h'ﬁ%ﬂhﬂ@h%ak%%e@yeﬁ %gbpﬁﬁbroken l'ine. The sequence

i'ng operation w th'an expansion tag (source

Fag) 'S 1Eebﬁgbéagegrgﬁ apLbin béﬁkﬁﬂ AN gbgrcé MAC cl

IS a sequence di agram show ng the exc ange o

betnagea hadeardidedl Pf%}nStnbndwhifinkt ggde' ' ‘EH& fdde St
sends PI NG REQUEST to the client the cli ent

seneéarhackhBeNGhBERRY bﬂdkEQstleﬂé Gbnnggtga'ﬁo the port
operation exanple differs fromthe one in the first

enbodichrentdowhainki silegandSalBot babatibaseedese ﬁﬁakﬁlng
4 are configured to transmt learning frames. In
ot fepmeowdth thesaddeeasi gh efahbéenodabGbeadded as an
| earni ng operation based on source tags as described
i neKRansipst tag addsesaehe bhe upléaknshdeopbonyi the tree

basid on Iearnlqg frames as described in the first
nbodi fEhtd 881 Keqdit L aerring fyrammmihitoangierred to

160 .bet yeen t he cllents G and C2, which is
pePPbhnEhe pRpapces and the ‘node’ 8.

The node G3 receives through the uplink port the
ARP REQUEST frame with a source tag gl which is sent
from the node Gl. The node G3 then broadcasts the ARP
REQUEST frame to the tree Tl and the port on the
downlink side. The frame to be transmitted to the
downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or
remove the tag to or from the frame to be transmitted £o
the uplink side. As a result, the ARP REQUEST frame
removed of the source tag is transferred through the
downlink port to the client C3.

The node G3 learns that the client Cl1 having the
MAC address c¢l is connected to the downlink side of the
node Gl having the expansion tag address gl. Thus, when
a frame addressed to ¢l is received from the downlink

side from then on, the expansion forwarding tag gl is
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the transm ssion of PING REQUEST fromthe client Cl to
the client C2 in the sequence N222, and whi ch invol ves
two steps: the client Cl transggets ARP REQUEST to the
5 client C2, and the client C2 responds to the client
Cl with ARP REPLY. At the start of the sequence N221,
the comunication status is as follows: a network
operation has just started or an adequately long tine

hagdapRP &Y 1ReSidishe 18 tl:?'ramlsl}%'frl Q3 2kt %%8?% %uglde of

conmuni cat i on betmeen the clients ™ an
ad@iessrele 9ff the client Cl1 and address gl of a node
to which the client C belongs, as well as MAC

addr ess cZOﬁfréBélehhgnErsﬁ tﬁeduﬁﬂﬂﬁES§188 QfIEQgﬁiLQ
which client C2 bel ongs, have 15 not been | earnt

t héraodesett by Ghe hbaeABR,casBensle GQCEtQEmbBQ to learn
nodes Cl, C2, and C3 has been cleared; and an ARP

r esblatt ithe cileBQUCEeﬂabehgrehesnncnadarBEbEhIFLéSt,

the client Cl sends to the client C2 an ARP REQUEST

f r agBn@ctRdatdeshendowohiMiCsfide bfoabeanbde2@l(Balzify the
and a source MAC of cl. This frame is referred to as

t hEXRRPSLERUESY AAdResEnglhebubsdoept noh beibiate Taenew

noﬁe G, receives,the frame through the downlink port.
BaDNLAE GRSEFRRAPRORERARSEsthehpbhE¥akt of 8 ARE REQUEST
node adds the source ta to the. ARP 25 RE EST

foREsh ﬂdsavsaacsegsswgeff?%n*éhﬁ| GEBLALof o Thhs

SIS YR LG SO SR G Bacnin
resulte ré@&l&g& tagg l%%is nk" &8s éfortu_:rj] etlfaec‘) "{Ble Oy,

source tag
However, the leaning frame is not transferred beyond the

node G3 because the tree T1 is truncated at the node G3.

The client C3 receives the ARP REQUEST frame
transferred by the node G3 but discards this frame
because the requested IP address does not match the own
IP address.

The node G4 receives through the uplink port thé
ARP REQUEST frame with the source tag gl sent from the
node Gl. The_node G4 then broadcasts the ARP REQUEST
frame to the tree T1 and the port on the downlink side.
The frame to be transmitted to the downlink side is
removed of the source tag before being sent out. At this
time, no operation is made to édd or remove the tag to
or from the frame to be transmitted to the uplink side.
As a result, the frame is transferred through the uplink

port to the node G2 along the tree T1 without any tag
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Et hernet (R) frame 62A shown in Fig. 41, is
transferred to both the nodes G3 and (4. Because a
frame having an unl earnt sourpﬁBNAC cl 5 added has
arrived fromthe downlink side, ‘the node A |earns
that the MAC address cl is connected to the port on
the downlink side and al so broadcasts the | earning
frame with the address gl of the node G added as an

expansion tag address to the uplink side along the
treogﬁf%ﬁqn%eriﬁq%ﬂT, the learning frane is

transferreg,to t h, ,t he _node and the . node 4. The

node G3 regnggg h?éugﬁaFﬁg ﬁS%FnﬁgﬁoFil?ﬁE CARPa:lng the
REQES j 1t r t [ .which i.s_sent. ram

{ o peletR M1l 1A AR o0 s nh oK s dps of ke
REQJERT d1r &Ryt l: an rt..on.the
oy o L Ml WHE anb o Lol GaiPEE OB bohus, when
down|firalnes iadRires se@mbed 101 ot Becaqveae ri-ag ReEO BByn1ink
being sent out. At this time, no operation Is nade to

ade iale fmeﬁptaehhannagthg&Eahgeshthsr%aéﬂﬁnbotaa gl is
transmitted to 20 the uplink side. As a resul't, the
ARRJREQUEST theafeameerov ¢dtank fbRet804heerbad pért side of
transferred through the downlink port to the client

C3thghérred®la3 | earns that the client Cl having the
MAC address cl is connected to the downlink side of

“the 25 nofe receiving fhemekbanspbink agidelda ebsarhing

Thys, when a frame addressed to cl is received from
thgraﬂﬁnﬁﬁﬁk bgi hhef pedet Gén Bhe ppdecfipapttempts to learn

| CLHBEOLR S0ek AT o S2ar S he AMeLEE ™ 0,
connected to the downlink side of the node G1 having the
- expansion tag address gl,'but does not initiate a new
leaning operation because the arrival of an ARP REQUEST
frame with a source tag suggests the completion of this
operation. Instead, the node G4 broadcasts the learning
frame received to the uplink side along the tree Tl1. As
a result, the learning frame is transferred to the node
G2.

The node G2 receives through the uplink port the

ARP REQUEST frame with the source tag gl which is sent
from the node G4. The node G2 then broadcasts the ARP
REQUEST frame to the tree T1 and the port on the
downlink side. The frame to be transmitted to the
downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or

remove the tag to or from the frame to be transmitted to
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the tree T1. On receiving fromthe uplink side a

learning frame sent by the node Gl, the node G3

attenpts to learn 5 that the. gsi-ent G having the MAC
address cl is connected to the downlink side of the

node G having the expansion tag address gl, but does
not initiate a new |eaning operation because the

arrival of an ARP REQUEST w th a source tag suggests

DR HROTNIAOR % [ Ths A0-BRIRLT eRe HhAPhCRTqnk N PAHE

&3 broadcasts the I earning rafe récerved e
uplridiovaldd® faledrd she-del @agllis tHNE¥Rrrelh %hlr%ﬁgjhn ¢he
frame is not transferred b€yond the node.- G3 becduse

t heldwr@dnk pogtt Kenedleedidlenitheanode G3. The client C3
recei ves the ARP REQUEST frame 15 transferred by the
node G3 buthdi acdeds2t hearhsafBatberauskibhe CeqHESLiAg the
| P address does not match the own |[|P address. The
nof@CGaddgesisved tibr coghecheduploi tkepdotwnihiak ARRe of the
REQUEST frane with the source tag gi sent fromthe 20

no#ede GlThaviapdetts empansioadtagt sdihessRBIRECUESY, when

frame to the tree T1 and_the port on the downlink )
si @eframReafddzpesed be claAsnrecedved fremdshal dawnlink

side is_rempyed of the source tag before being sent |
ouEIAR; EFRS EAERNAN, nBhepEXRANSAONS  AENRTdanEdRAgr 91 is

{r BRdR FEutPE FReRE PPokrePaEst ko ERpctopt, pert side of
f ' ransferred through the uplink port to the
nggggcﬁ§gFo?g'the tree Ti aﬁthout any tag -163

operation GerfQLiBFing from the uplink side a learning
frame sent by the node G4, the node G2 attempts to learn
that the client C1 having the MAC address cl is |
connected to the downlink side of the node Gl having the
expansion tag address gl, but does not initiate a new
leaning operation becaﬁse the arrival of an ARP REQUEST
frame with a source tag suggests the completion of this
operation. Instead, the node G4 broadcasts the learning
frame received to the uplink side along the free T1.
However, the leaning frame is not transferred beyond the
node G2 becausé the tree T1 is truncated at the node G2.

The client C2 receives the ARP REQUEST frame

transferred by the node G2 and confirms that the
requested IP address matches the own IP address. The
client C2 then generates an ARP REPLY frame with a
destination MAC address of ¢l and a source MAC address

of ¢2 and sends the frame to the node G2. This frame is
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The node 4 learns that the client C1 having the MAC
address cl is connected to the downlink side of the
node Gl having the expansion .tjgg.address gl. Thus,
when 5 a frane addressed to cl is received fromthe
downlink side fromthen on, the expansion forwarding
tag gl is added to the frane to transfer to the root
port side of the tree Ti. On receiving fromthe

LA 3 SRR A 35 T SR i

hayeRgyt,he MAC addreSS(ﬂ is connected to the
downli nk side of the node Gl having the expansion tag

address gl gnBuhodeeganebcbivbsakRe2rPEMe LARBLAN [Ehe
operation because the arrival of an ARP REQUES

f r deRmMibk ppﬁaurownéﬁgaSﬂgﬁeﬁéSbéh@d&éﬂﬂ%ﬁ&lé@ 6ﬁtput port
this operation. Instead e node (4 broadcasts the

| earei sgarthade fogcetivhdthe Heettiiphthknsuge ah@agabha key,
tree T1. As a result, the learning frane is

‘tramsfier sednt byt hhenpdevidus 28aThéngodpetdtienetlas the

through the uplink port the ARP REQUEST frame with the
so@kpangsagngfowrnpeding tagt glf mam baecadddd 4. thaeframe
node & then broadcasts the ARP REQUEST franme to the

t r eddresgad Epether deshinpsioaoMpli addsess. cThtof knanster

totbe hransn1tted to,the 25 downlink side is renoved
of *PhENSOPRE PAFtheidreoberhg txedt Thut Therefpge, the
L RBpera RS A8, ARoRRAob A Pheb SIRY Soh e
UPELBfe SLAS £ £8nBeLFSEL tnb N§o 4RI B, STONAI Trame
At the same time, the node G2 learns that the MAC
address c¢2 is cohnected to the port on the downlink side
because a frame having an unlearnt source MAC address c2
added has arrived from the downlink side and, at the
same time, broadcasts the learning frame having the
source tag address g2 added to the uplink side along the
tree T2. As a result, the learning frame is transferred
to both the node G3 and the node G4.
The node G4 receives through the uplink port the
ARP REPLY frame with the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1, the node G4 transfers the frame

received through the uplink port toward the node Gl. At
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renoved of the source tag is transferred through the

downlink port to the client C2. The node & Il earns

that the client Cl having the 1g8-MAC address cl is

connected to the downlink side of the node Gl having

the expansion tag address gl. Thus, when a frane

addressed to cl is received fromthe downlink side

fromthen on, the expansion forwarding tag gl is

ad fqithe tra t anst.ar I por i

on%% ? ggfr%g g%?h%ﬁ %%c@ﬁ?ﬁn%gf%ggmégghﬁﬁli%&éggg%re' @

a legy AisNfot! haedS o rRhobBa,Ngds gﬁe hag Qﬁgﬁeg%ﬁég'not
ent g the :

attenpts to learn that the cli havin

-adaleqgst+ekeni.S connected to the downlink side of the

node Gl having the 15 expansion tag address gl, but

does not imhéi Ab8eaGaeVeckeddsNghePLEathOAghesatseséhe by
arrival of an ARP REQUEST franme with a source tag

- sughesnedehe2cdmpiethenupl ihki sidepanat learnknsheadthe

the node G4 broadcasts the learning frame received to

t heldphtnk2shdwiabokbet MACt nddrdds @R Hewevenectbd to the

l eaning franme is not transferred beyond the node &

beéﬁW§21Phe5#¢ée°flth§ npdac@? edavinghthaodsp@rsioheag

client C2 receives the ARP REQUEST frane transferred

byasﬂgeﬁﬁdszez ThiEE comen ighe hade 4 regpisi® @ |frame
The 25 client C2

BB B o8 e ehb BEVAER T T A WO %, 16

R s M - )

"eLEEhEfet O GSLhECrABE BEFE s 1485 | Pnd NEr8ESES T PLONpe
same time, the received learning frame is broadcasted
toward the uplink side along the tree T2. However, the
leaning frame is not transferred beyond the node G4
because the tree T2 is truncated at the node G4.

The node G3 receives the learning frame sent by
the node G2 from the uplink side and learns that the
client C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. Thus, when the node G3 receives a frame
addressed to ¢2 from the downlink side from then on, it
adds the expansion forwarding tag g2 to the frame to
transfer to the root port side of the tree T2. At the
same time, the received learning frame is broadcast
toward the uplink side along the tree T2. As a result,

the learning frame is transferred to the node Gl.

The node Gl receives through the uplink port the
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bel ow. The node & receives the franme through the
downlink port. When a tag to be added and an out put
port 5 are searched for with tjae_destination MAC used
as a key, it is seen by the previous |earning
operation that the expansion forwarding tag gl may be
added to the frane addressed to the. destination MAC
address cl to transfer to the root port side of the
tr T refore, .the . adds the_expansign
f ofg, FEELIC IS e i el chS, BREE: B0 cp8peiBA a8 o1
noge, ;4. At [ e~pode e S h
NA%%la dﬁéégggg ?g%@bﬁﬁgnggEtgﬁfhes%%?%g%@t?éﬁfﬁsé éﬁ
downli e t&lad a LAg eggn |
source MAC ag rggg gggt%ggggggdEﬁggﬂg%??vggbf?%n%?ﬁeown
dowddirelsssi daiandxpahsiba sageiki FBmobEagdaaat 8hkh8utput
| earning frame having the source tag address g2 added
t opblré opl thk go#alahangitbeist EeartBedASod weSH! the
the learning frame is transferred to both the node G3
andeshéenatden@AC201Theedods &ikegceiTesn f hitough ddem by
uplink port the ARP REPLY frame with the destination
exphfispoaviaysgleaspingf eparahéonowbi@l. pant, of hehe
output port is retrieved wth the destination
expansldnkt a4dg| theenods hakipg tirpedesbépabientMaC
ouag t gort for the exgansion 25 forwarding tag gl is
al §§e 8t CLolBhEORBBETRDr tOsi JreyrefqnRy rﬂQé% Glee

t he_node

bR AR HaRR bR b S5k e

UigRe 89:6HE"0F 1S GBMR.LL.4NC frame. Therefore, a

The node Gl receives the learning frame sent by

the node G3 from the uplink side and learns that the

- client C2 having the MAC address c2 is connected to the
downlink side of the node G2 having the expansion tag
address g2. Thus, when the node Gl receives a frame
addressed to ¢2 from the downlink side from then on, it
adds the expansion forwarding tag g2 to the frame to |
transfer to the root port side of the tree T2. At the
same time, the received learning frame is broadcast
toward the uplink side along the tree Tl. However, the
leaning frame is not transferred beyond the node G1

because the tree T2 is truncated at the node Gl.

The client Cl1 receives the main signal frame with

the destination MAC address ¢l which is transferred by
the node Gl. Since the destination MAC address matches

the own MAC address c¢l, the client Cl receives this
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tag is not added or renoved, and the MAC address is
not rewitten. The node (4 receives the |earning
frame sent by 5 the node & fysam the uplink side and
| earns that the client C2 having the MAC address c2
Is connected to the downlink side of the node &
havi ng the expansion tag address g2. Thus, when the
node 4 receives a frane addressed to c2 fromthe

SO 00 R0 bl B8BTS P
TOQ%C@QEE thde Mt %Eﬁrﬁ%gecE%reg%gs?gagségetBEHEESEESation

recei ved | earni ng rrane IS broa towar

uplripnlgdeird@ sali ANgnkNRREr @8p1e, Hovever, the |eaning
frame is not transferred beyond the node (4 15 because

the tree T2nis &bwptated shet B8sBedELhn dhecnede G3
receives the learning frame sent by the node & from

t heomplunikagida sedubfaenbethiabnt BRe ehlientsC21haning2,
the MAC address c2 is connected to the downlink side

of whiiehnddepE2fhamedgbtierexphastoantmafs3Doaddf eBING2.
Thus, when the node G3 receives a frane addressed to
c2REQURSThErdowbhenkliede €iloimwt hbe ohient Cadils the
expansion forwarding tag g2 to the frane to transfer

t oSEHECREBt NR42t anddehaeht havelves Thwo pAstehe: theeclient
tine, the received learning frame is broadcast 25

t ofndr BrEREMLBF | ARP SREQUESTNEOt hRetgbiend CAs and ekl

the.learning f is transferred to the node GL. Th
oL 1 GACFSRRORAF EhERRChBFR RS hobt R KRR RGP IR

REPLY fr angy, V\‘":Itxg égxeigs?%j{-' ngéii:fgnsex r?rksﬂémsettﬂ%l%e N221,
-the address gl of the node to which the client C1
belongs, corresponding to the MAC address cl of the
client Cl, has been learnt by the nodes G2 to G4; the
output port for-the MAC address ¢l of the client C1l has
already been learnt by the node Gl; the output port for
the MAC address c2 of the client C2 has been learnt by
the node G4; and the address g2 of the node to which the
client C2 belongs, corresponding to the MAC address c2
of the client C2, has been learnt by each of the nodes

-Gl to G3. In addition, the ARP (association between IP
address and MAC address) for the Client Cl1 and Client C2
has been stored by the nodes Cl1 and C2.

The sequence N222 represents a communication

- sequence consisting of the transmission of ICMP ECHO

REQUEST (PING REQUEST) frame from the client Cl1 to {2

and the transmission of ICMP ECHO REPLY (PING REPLY) in




10

15

20

25

which is sent fromthe node G4. Since the address g

i ndi cated by the destination expansion tag is the own
address, this expansion tag is renoved, and-the output

5 port on the downlink side i s'%earched for with the
destination MAC ci used as a key. Then, it is seen by
the previous | earning operation which port of the
downl i nk side the node having the destination MAC
address cl is connected to. Therefore, the node Gl 10

t r HFPEr SHMe theafd 168t Fe dowRili-nkhisht tekesughasgi et a
the client .1 s connected. The npode 3 receives the

| e BPARYg 1y SEes ¥REDL @ LoRg fame 8ast pek {RESEH PARCe the

: _ 1eRe | ( PGfh EAeS

adPabdtesSR BF bR chifun ention apuihrnregrants M2RL,
: ' ' dd 2. Thus,

e ha Rofa taror £REr 38R phAfesR bR R 2hrpedss

fromthe dewnthakqssdei EQghingEﬂQ’sé e?%gs¥£f§ it is

expansion forwarding tag g e fra ransfer

t oabBame@OthRO! thei HaqeEsENg1t beerHe- nbliet P§ wRiSAMELe
time, the received learning frane Is broadcast toward

t heliphtnk1lsbdeoakspgcbheebpbfdihg tOWENErMAtNEddress c1
| eaning frame is not transferred geyond the node G
bec@utbet bdienteCI? hastbaenaledrat byethodeodds dheto G4,
client C receives the main signal frane with 25 the
dethahathenomponhdperessfor twhecHAL saddress ect edf byhe
the_node G . Since the destination MAC address natches

t hel3gRt MAE Bagir 2bseady beencleanet by rebeivedet®ls that

-168 frame and passes it to the ARP nodule, which in
t ubRe output port for the MAC address c¢2 of the client C2

has already been learnt by the node G4; and that the
address g2 of the node to which the client C2 belongs,
corresponding to the MAC address c2 of the client C2,
has been learnt by each of the nodes'Gl to G3.

| First, the c}ient Cl sends to the client C2 an
ICMP ECHO REQUEST frame with a destination MAC of c¢2 and
a source MAC of cl. This frame is referred to as the
main signal frame in the following description.

The node Gl receives the main signal frame
through the downlink port. When a tag to be added and an
output port are searched for with the destination MAC
used as a key, it is seen by the learning operation that
the expansion forwarding tag g2 may be added to the
frame of the destination MAC address c2 to transfer to
the root port side of the tree T2. Therefore, the node

Gl adds the expansion forwarding tag g2 to the frame and
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records the MAC address corresponding to the

destination |P address in the ARP table. This

conpl etes the description of tHg .5 comruni cation

sequence between the clients and C2, which is
performed before the transm ssion of PING REQUEST
fromthe client Cl1 to the client C2 in the sequence

N222 and whi ch involves two steps: the client C

tr ' RR.REQUEST .t o .t client , .and the .10

cl ﬁ%ﬁ%ﬂstésflré'eé%‘oen%éstugltt% B‘:I%laétﬁt %&tﬁ%t F?OﬁﬁPG%EPLY. -

In the seri ClkO i e ence, N221, ..t he

addr ess glﬁgg ?&ggnggegggeaﬁ%ghtgﬁgﬁgﬂigﬁ? EPllnk port the
belRngs s ieRa1e FRAMY B +h0 thiae 1AddE 8RS e

client gfg%Las been Iearnt%bydgggl%%gégﬁcf%%g%%#%gtﬁgg 92
15 widlcputi sP@eintf o @ M RoRAIGESS £hd Oftﬁﬁeo&ﬂt)&@tp&t is
has already been | earnt by the node Cj; t he out put
porfetirdevedh&iMACtadddest i6d tabnt BepahkeBh €4¢Ng2 h8eR as
| earnt by the node 4; and the address g2 of "t he node

t oankiegh thieeng! tleatnéRe bed otgsns £Or$ eSO NEL-dife t Leddtbred
MAC address c2 .20 of the client C2, has been | earnt

by tdzohgbf thieeupddek pGrtt bo@rdl thaddbtieo@2 bbeaARP the

(associ ation between IP address and MAC address) for
t heutppgnpoct 4py theepkpapsipnsiprwardingetapyglhés

nodes C and C2. The sequence N222 represents a.
coﬁiﬂﬁygaF?Bnto.EheséaeénﬁéréoﬁéﬂgtPﬁgtbﬁ shanning tree T2.

t ] ion of | CVMP, ECHO ,REQUEST (Pl NG REQUEST
f:gﬁzg%i%hggﬂg'cPPeﬁPaﬁﬂetbSCé%h%nHétFEetf%éééhsgﬁhﬁ¥ef°rer

oL ! 6, FE R BRI R, B0 09 AP a1 ) 1o
- not rewritten.

The node G2 receives through the uplink port the
main signal frame with the destination expansion tag g2
which is sent from the node G3. Since the address g2
indicated by the destination expansion tag is the own
address, this expansion tag is removed, and the output
port_on the downlink side is searched for with the
destination MAC c2 used as a key. Then, it is seen by
the previous learning operation which port of the
downlink side the node having the destination MAC
address c2 is connected to. Therefore, the node G2

‘transfers the frame to the downlink port through which
the client C2 is connected.

The client C2 receives the main signal frame with
the destination MAC address c2 which is transferred by

the node G2. The client C2 passes this frame to an
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point in tinme when a long time has not | apsed since

the conpletion of the communication in the sequence

N221, that is, before the agi process is perfornmed.

5 1n the description of the sequence N222, it is

assuned that the address gi of the node to which the

client C belongs, corresponding to the MAC address ¢

of the client O, has been |l earnt by the nodes & ;o
t.hat the output ort for the MAC address ci Q .

Cnape) iathin GF t?&ko‘%erreé:tﬂ’%@é‘h hecaufe fha Kestggation

f dd 2 of

thmﬂ RS Htad S, Do °rh géﬁﬁittr ' e h e node G4

d node to |c
et o' B8 52%? Rabiee,sha t050E BRD Nﬁeogﬁ&ﬁssghent

2 Aaf sth e
(r:10 es t(sﬁ%tsogdgy r;,otelsdtnhe é’ﬂ%?g% C %E@br‘%}i"t %% at! tﬁe
cl il <CEoAftwal onE@'ﬂQ ?E%%%chzr PR getsh al ICHP. ECHO
destination MAC of c2 an source

fraMQLWSf&%hermaﬁhtQh@sdb%%lnHQthSMQEahdﬁkégﬁ bﬁ bh& the
foll owi ng description. 20 The node G receives the

maisousicgnAACH bl esksheQuahdt Bendewthenkrpaet o8B Bode G2.
tag to be added and an output port are searched for

wi Thishérdest isatrederkidd@ tosad #heamady, signad feamebyn
the | earning operation that the expansion forwarding

t afhg2 £pdyowdngddegcrapthon25 franme of the destination

MAC address c2 to transfer to the root port side of

the tree TPheThRedef 6?2 ereentveddehe Framesthneugh the

expansi on formardlng tag g2 to the frane and -170

t r SREPLL 8Kt RETEes WHGMtA T Fatebq ¢ RAdRAIA S an output port

are searched for with the destination MAC used as a key,
it is seen that the expansion forwarding tag gl may be
added to the frame with the destination MAC address cl
to transfer to the root port side of the tree T1.
Therefore, the node G2 adds the expansion forwarding tag
gl to the frame and transfer to the node G4.

The node G4 receives through the uplink port the
main signal frame with the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1, the node G4 transfers the frame
received through the uplink port toward the node Gl. At
this time, no change is made to the frame. Therefore, a

tag is not added or removed, and the MAC address is not
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The node G3 receives through the uplink port the main
signal frame with the destinati on expansion tag g2 :
which is sent fromthe node Gy;5And, the output port

is 5retrieved wth the destlnaglon expansi on tag g2
used as a key. Then, the node G3 transfers the frane
received through the uplink port toward the node &
because the output port for the expansion forwarding
tag % g al ways set to the root port side of the
spARNEAG*PPée T2. 10 At this time, no change i s made

renoved,  ande: RESke fare et foehioloh FRE TR ing port tne
nogg i@ sk aghves Ergy A the HBELDKAR9bh ERBanBBLR tag g1
pighs o pOETol t3g

Sl gna estl nati on expansi on

V\hWﬁ*ﬂchSl%eBtanU Q%hh€haoﬂ8d@3G4S' @fnéé‘ett?é'da(cﬁaﬁfe&z gl

i ndicated by the destination expansion tag I's the own

addhasgatbhi byexpange8tihagibs &8pBMEHUonabdgt Ne euépa&n
port on the downlink side is searched for with the

deatidpasspntMAE eRpafiefoastagkey. rdfeved tahd sRENolyput
20 the previous |earning operation which port of the
25pdotnbinnkhei dewhhiénkogiddais ngeahehddsfonavith HHE
address c2 is connected to. Therefore, the node &
trdpsténation Mpdneltusedeasoankeyk pbran,t Hrtough seerciby
the client C2 is connected. The client C2 receives the
nthesP6ﬂ5¥°P$aﬁﬁamﬂ%hg PPRrAesen Ndhioh RACE a@fireke c2
whi. ch is trapnsferred b t he, node &2. The cljient C2
pagggg iRk side (khe ongde _hgwing the destination MAC

address ¢l 1is connected to. Therefore, the node Gl
transfers the frame to the downlink port through which
the client C1 is connected.

The client C1 receives the main signal frame with
the destination MAC address cl which is transferred by
the node Gl. The client Cl passes this frame to an
application or another program because the destination
MAC address matches the own MAC address cl. 1In this
example, the frame is passed to the PING program in the
basic software, by which the result of the PING command
is displayed.

This completes the description of the
communication sequence between the clients Cl1 and C2,
which takes place under the following conditions: a long
time has not lapsed since the completion of the previous
commuinication between the c¢lients C1 and C2; and MAC

address cl of the client Cl and address gl of é node to
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application or another program because the destination
MAC address natches the own MAC address c2. In this
exanple, the frane sent fromthe client Cl is assuned
to be an | VP ECHO REQUEST, sd7Bhat the 5 basic
software on the client C2 creates an | CVP ECHO REPLY
frame with the destination MAC address cl and the
source MAC address c2 and sends the frane to the node
&. This frane is referred to as the main signa
f r a#hd chn theheliento@ilnpedeongsi prisomel10ashHAGodddEass c2
recelves the frame through the downlink port. Wen
thepeligasd Canangdn agddrpss parpf apdeséer whéghf giient
gE % g destipati on_MAC used as_a %a i's seen
feCBg5an P8R ﬁéFﬁéﬂHlH&ePaéeQFn ?Ybéheaﬁﬁéﬁstﬁl to
hg frame with the destination MAC address cl1 15 to
ﬁéfer to the root port side of the tree T1.
Ther ef ore, i he n . L he_expansi on for rdin
tag gl toTbﬁ n 8%n% aﬁa gﬁbﬁs?@?rg TR S FYHR %Mca%%@e
no c st gh,t [ 0
o1 GRRFAPPATGLNACa’ fRAUARs DRIUR hAE BoRImBITrigR ferugture

segk thembhe agde fxe éﬁéﬁlffﬁ%énﬁéﬁg ﬂ%”&lféﬁrs fﬁfm the

retrieved with the dest I on expansi on tag

asn8d&eg4 onheRe béﬁﬁéﬁfnéhfoﬁﬁtﬁéinQQEt iPrnéPehaving the
expansion forwarding tag gl is always set to the roo

pomemsigedaplithte spapsingtioee3dis, t @) ngde Kdving the
transfers the franme 25 received through t he uplink
poMACt berwardieg nbalel &lmentdry t 20431 i (B) Mot ChanDey i She
made to the frame. Therefore, a tag is not added or

r eh®96ai NG NEan AgeMt apidogsam | 3020and 16%e timer 306, and

(4) not sending or receiving the learning frame.

The effects of the second embodiment will now be
described.

Conventionally, when an asymmetrical flow which
has a different node where the flow passes depending on
a direction is flown on a network based on the Ethernet
(R), a learning process does not function, a frame
reaches the destination but it is also transmitted to
unnecessary destinations. Therefore, there were problems
that the network became congestion and bandwidth

Vusability became low.

In this embodiment, the learning process can be
functioned even when an asymmetrical flow occurs by
first inserting a source tagq indicating a source of
transmission into a frame with a broadcast MAC address,

a frame with a multicast MAC address, a frame with a
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rewitten. The node Gl receives through the uplink
port the main signal- frane with the destination
expansion tag gl which is sent fromthe node 4.

Since the address gl 5 indicat¥$ by the destination
expansion tag is the own address, this expansion tag
is renoved, and the output port on the downlink side
is searched for with the destination MAC cl used as a
key. Then, it is seen b the previous |earning
opeFEiGast WG rrdsdias soff orhahighd del isersied oft heansthd ssion
havi n he destination MAC address cl is connected

tol ﬁle’ﬂs%% Ak thede taansmidivdner Suche fragre vilshy he

downl i nk Qprt t hrough which_ .the client O is

CoMNECEd FoPh EVEY EnttTer rr WD CPed St FOTHEOn Vdithnkhe source
f ' t dest.inati MAC add | _whi '

tr S b TR 350 TRE H06Y GePEn sapngageBethni <
B o R SR AP R B fRSea eo

ad@hﬁ%ss%hrcbnOEhE§anEﬁ§gEh8n RgetE%ﬁg?eE§eggs§Eg€EBy

the PING programin the 20 basic software,

t hacheewlihgothehalRblEae9B8HBBE nbewdrRPL8YEEstiBhSand the
conpl etes the description of the conmunication

seqoasequbatWwemprohemeéhtenhsbehdandtB2usavhi ¢byt akes
pl ace under the follow ng conditions: a |ong 2% tinme

has not | afervestihorallye, colghedi Dramé hiei g ey i VA
conmuni cati on between the clients A and C2; and MAC
adéndisatingf at HestinahiotClwaadtaddsesred, oit awasde
tonééggsary to previously set on each node an expansion
tag (forwarding tag) to be added according to the
destination MAC address.
In this embodiment, the expansion tag to be added
can be set on each node according to the destination MAC
address by containing tag information in a frame with a

source tag, thereby automating the setting operation.

(Third embodiment)

A third embodiment of the present invention will
now be described in detail by referring to the drawings.

The third embodiment of the present invention
differs from the second embodiment in that, when the
setting to disable the transmission of learning frames
is being used as described in the second embodiment, a
table search unit 203 determines whether to insert a

destination tag containing the hit bit or to insert a
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which the client C belongs, as well as MAC address c2
of the client C2 and address g2 of node to which
client C2 belongs, have alreagy.been | earnt by the
nodes GL to &4, 5 The node 4 in this operation
exanpl e can be replaced with a node E4 which has a
sinplified structure of the node 4. The sinplified
node E4 differs fromthe node G4 on the follow ng

f ints: . (1L i dypl |
| o e e W MG Acion FRIWRLA AR A agaress
t i | '
et oh e S chis) iirctR ot thR° pluel T Whidn the

serdiikthtObe1Rm}YsY G the-dagR eds fedd®t . The effects
of the second enbodi nent will now be descri bed.

Conventionaligy, 4vhes anbasyRTaibyealh Ehewingi €A qbesia a

di fferent node where the fl ow passes depending on a

di rectfiigmriatibnowf ahea tadlleoskakehedndn 208 Btbhekdehg to

(R), a learning process does not function, a frane

r eddige £ imisd eémbodimentn shoewni tini Figl.sd0t.ransm tted to

20 unnecessary destinations. Therefore, there were

probl ems PRafrrhvahepfiorkunécast Evagestifnaasearch of the

bandw dt h usabilité became |ow. In this enbodinent,

t h¥ACedPRMRgIAPgcE8B1RaKeNEaLBUERALtORRE BFEBACHAEACRN

asymetric b fhg oggurs by 25 first inserting.a

SobFEaeeny thgMBL: PAGrSSsolfcEher depriRaRTeR| BhirAte Bbe

fr Wit h adcast NACPa%Er s, ,af Wi th

AR R PECARER el IR BB Ao LRI R
already been learnt, and hit information is received
from the information comparison unit 2032, the table
management unit 2031A according to the second embodiment
shown in Fig. 42 outputs the entry hit information 20312
and uses the table memory read control circuit 2046 to
store the hit reference address as a memory address in
the entry for MAC-Tag entry management information in
the aging management table 2044 shown in Fig. 19. And,
it uses the information comparison unit 2032B to
generate tag information 20323 and tag control
information 20322 which instruct the frame rewrite unit
205 to add the destination tag obtained by the search of
the MAC forward table. A forwarding tag indicating the
destination node is then inserted into the input frame
by the frame rewrite unit 205. The frame completed by

this operation is an Ethernet (R) frame 62 with a

forwarding tag as shown in Fig. 5.
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- 174 uni cast MAC address for which the source of
transmssion is unknown, and then transmtting such
frame with the source tag over_a.tree, which is

formed with the source node 5% the frame as the root
node, along a path 5 opposite to the path through

which a frame addressed to that source of

transm ssion is transferred, thereby achieving the

al ' eviation of network congestion and the consequent

i mpr overmrent!d FOBEFARtAt l‘i’%@éfmﬂvla:jly.OfC@n\W@an@ﬁa!fmi e, if a
when a fra avin tag 10 indicating a _destination
NPT P A b i dap i reiganpG abe

on e nqQde an _expansi.qn or war di a Q be,
SRR PR e bt a%ﬁsmffg%gge%és pation
t hi§ jeiod) troe t ansi tag to be an

be c:'Lelt on%égghl%hr?p g%a{:c;%)c%r ?i)!séngﬁieo %_ﬁig &é’stw?lﬂ'g i R _ lent
adyeahdy h%.%maqg:'&'a 1% R %%d' ﬂtl% ERAEM L0 is
a source tag, thereby autonmatingthe sefting™
Opefedidivd okl ¢ ™o RRb: 020 cAm 'a&rigogl"’gﬁﬂlt"g%z.?f the
the present invention will now be described in detai

by tiatfier an@gemehlte udidni20338 akberkintdtenkadi #RALgOf

the present invention differs fromthe second
emeotiodemenitn shbah, inh@igl.ha7 sekki BBet @aBlsakbfiotPeread
transm ssion of learning franes 25 is being used as

desonitijed carchéts@0dadtenederment, thet ahingsmanafement
unit 203 determ nes whether to insert a destination

"t a§abédnt a0AkNngnt Féghi L9bikte oherk ifisthe hitl1Bst is in the

hit state or in the no-hit state.

If the hit bit is in the hit state, the table
management unit 2031B thereafter operates similarly to
the table management unit 2031A; it uses the information
comparison unit 2032B to generate tag information 20323
and tag control information 20322 which instruct the
frame rewrite unit 205 to add a destination tag obtained
by the search of the MAC forward table. The forwarding
tag indicating the destination node is then inserted
into the input frame by the frame rewrite unit 205. . The
frame completed by this operation is an‘Ethernet (R)
frame 62 with a forwarding tag as shown in Fig. 5.

If the hit bit is in the no-hit state, the table
management unit 2031B thereafter operates differently
from the table management unit 2031A; it ignores the
destination tag obtained by the search of the MAC

forward table and uses the information comparison unit
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source tag, if the association between the MAC address
of a client and the address of the node to which the
client bel ongs has al ready bengLearnt. Fig. 47 is a
bl ock di agram showing in detail a 5 configuration of
the table search unit 203 according to the first
enbodi nent shown in Fig. 10. On arrival of a unicast
frame, if a search of the MAC forwarding table

R R PR R 515 5 B Sderen
i [ l. I dy b | Nt , .
o MRS iy VOIS ) RO T onse

[ It . bl it 1A
ComE SRS (e RRICHE ol 08

outoRw hodee ®Ntintdithe E&%&Eﬁti@ﬂezggégce1§a€n§n&§@§ting

the table nenory read control circurt 2046 t store

t hehdl bwnehedena® addiees ansar¥RAPENL3I¢h8SInblt thEme by
entry for MAC-Tag entry managenent information in the

agithg Fraagemrentitebueiz0445shovhe i firdthd. cdflp14¥Ed by tthis

‘uses the information conparison unit 2032B to 20

geppezbéioagisnfor Bhheane203R3 &pdmbag2cefithok source tag
i nformati on 20322 which instruct the frane rewite

unigs shownt 4naBdgt hd ldesTheatn Hornaiy abt comsalr byon henit
search of the MAC forward table. A forwarding tag

i nd0E4Bi kjennautpussi fhei eptEvdhitsinfiermphiont @831t and

the inp fragg 25 by the frame rewite unit 205. The
frﬁﬁﬁscghﬁIEP epPemPRY s T8adr SPNEROL sSCAECELhePfidf tR) store

1208 REe"LbleBent S30ELEY 129 %3RO "a0drEsd iR the
entry for MAC-~-Tag entry management information in the
aging management table 2044 shown in Fig. 19.

In the operation described above, if this entry
is retrieved for the first time by the frame search unit
203 since the association between the MAC address of the
destination client and the address of the node to which
the client belongs was newly learnt, a source tag,
instead of a forwarding tag, is additionally inserted
into the input frame, and the frame is broadcast along a
path within a tree formed with the own node as the root
node. By this, each node can learn the association
between the MAC address of the client which is the
source of the frame and the node to which the client is
connected.

An operation example of the third embodiment will

now be described with reference to Fig. 48.
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In contrast, on arrival of a unicast frane, if a
search of the MAC forwarding table reveals that the
associ ation between the MAC adggess of the destination
client and the address of the node to which the client
5 bel ongs has already been |learnt, and hit information
is received fromthe information conparison unit

2032, the table managenent unit 2031B according to
the t

the third h in

neﬁnryl:ea n?ggﬁngpdc%P§§?9h5856g?8u?8F8raFBgFﬁ@s' the

t t abl 0 Kk

CRe PR e miln MRt ekl Walh PR eﬁg‘éﬁ%?on' tag

t | £ st t BisS Al : t

TmaSaereRt GAEBbaTE Y ner SaF For buer aLg-si e ffyfene of
the mabhesE@ﬂa&eE@BﬁeuﬁhEhZQﬁ1@xghhs§§ﬁstkae(forwardlnq

i nformati on 15 conparison unit 2032B to generate tag

i ntagyatisonndddaddedaby haghtort 61 iANLoHERL i PHe 243AFence of

which instruct the frane rewite unit 205 to add a

dest mpahi shghal Obtmenedthbynt bgparsieh ehgt psodhEe tag)
forward table. The forwarding tag indicating the
ded&i hndioataddbyi 8 théaki bsekerdliei ntPhe hequegnde of a
frame by the frame rewite unit 205. The frane
coﬁﬁﬁ@ﬁéﬁgb§r@ﬁﬁswébbraﬂi@ﬁPaBSaQnEIherhSOU£G¢ tégpnks
wi.ith a forwarding tag as shown in Fig. 5. If the
h|%nﬂ%?aF%dlHYtﬂethbnhPFOE?%t%ln¢he tabl e managenent
unit 2031 her fter operates differently 25 fromthe
Labl e mandgkher® Ut z%%%@nqet 4%@% tiring che
n.ta talne the searc
FoFhefhadiet %ﬁ%’g {ESTRen OISR T LTS scbp e
" fHd client C1 sends PING REQUEST to the client C2 and
the client C2 sends back PING REPLY to the client C1
over the network according to the first embodiment in
Fig. 1. It is assumed that the setting is such that no
learning frames are transmitted.

The sequence N31ll is a communication sequence
between the clients Cl and C2, which is performed before
the transmission of PING REQUEST from the client C1 to
the client C2 in the seguence N312 and which involves
two steps: the client C1 transmits ARP REQUEST to the
client C2, and the client C2 responds to the client Cl
with ARP REPLY.

At the start of the sequence N311, the
communication status is as follows: a network operation

has just started or an adequately long time has lapsed

since the termination of the previous communication
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2032B to generate tag information 20323 and tag
control information 20322 which instruct the frane
rewite unit 205 to additionajgy. i nsert a source tag
containing the own node IDinto the frane. The source
tag indicating 5 the own node IDis then inserted into
the input frame by the frane rewite unit 205. The
frane conpleted by this operation is an Ethernet (R

| BT bt Coran e hind SEDUAL, s & o tne
oracHe dlnf{ﬁ{m ci rcél12 0?]0%6]11( d< % t"‘nﬁt B Q#%t client

menory r ead contr 0 store

r eferr eRa®mMAA! S5 Wi 18 SRR ARARSS d2 dhg ee%tl >ént c2
for MAC-Tag entry managenent information in t ng

nmarage Ridrdsadle® Y hodeows kwhilihd c15@nd @2t |B‘°elongs, have
operation descri bed above, if this entry 15 i's

r einoite\been§ drearing fiyr $het nodety Glhed Gaye theanklr dache of

203 since the association between the MAC address of

t heacheofi reduel avodelsi €1t, €2d thd addhess bebnt kdcngdd;t and

which _the client belongs was newy learnt, a source

t a@l PRE: é”@@oéﬂtaopoﬂ-ﬁaﬂfelqngrﬁdgberfgraddssumngl hyPING.

inserted 20,into the input frame, and the frame is

broadcast EL5AG, athachianth(h sendaetpothedchientt@2 an
root , node. this, each node can

ogﬁgﬁg§§2%FQ{“?oWltBerE@ﬁtﬂ-ﬁétme Magr E95 bropdeast
Co BB, R, BB o a5 Y e
exﬁﬁpégfg?ghggpt%Eéﬂeggbgghﬂg gm@Le dQQQQQStQSECBePow._

The node Gl receives the frame through the
downlink port. Since the destination MAC is a broadcast
address, the node Gl adds the source tag gl to the ARP
REQUEST frame and broadcasts the frame along the tree Tl
according to the first embodiment, shown in Fig. 34,
formed with the own node as the root node. As a result,
the ARP REQUEST frame, in the format of source tagged
Ethernet (R) frame 62A shown in Fig. 41, is transferred
to both the nodes G3 and G4.

Because a frame having an unlearnt source MAC cl
added has arrived from the downlink side, the node Gl
learns that the MAC address cl is connected to the port
on the downlink side. A learning frame is not
transmitted at this time, because the setting to disable

the transmission of learning frames is being used.

The node G3 receives through the uplink port the




10

15

20

25

In this and subsequent sequence di agrans, the

sequence of a main signal frane with no expansion tag
added is indicated by a thin solid Iine. The sequence
of a main signal franme wth anl8kpansi on tag
(forwarding 5 tag) is indicated by a thick solid |ine.
The sequence of a main signal frame with an expansion
tag (source tag) is indicated by a thick broken |ine.
The sequence of a learning frame with an expansion

t apRB RRUESBram: witdi catshdne addigl whiledn ils Rent
10 Fig. 48 is a sequence di agram showi ng the exchange
of frammedhearadeeGihodBbeanddel G8ntheni brohidchstshehe ARP
client G sends PING REQUEST to the client C2 and the
cl iRFRQUEST deipdre packh@ NGeREMlLY angl tifhe @omdntonCitheover
the, network according to the first enbodinent in 15 '
Fi fovplink jsddess Fhe £rame: he bet tragsmitsadntenbheno

| eay ni f,ranes are transmtted. The sequence N311 is
a g%ﬂﬁﬁ%@@éﬁ &g FENRYed OfndbR SORTSS &Rgs befogrgbeing

C2,. hi ch i . bef h i S| f
pi AEHEEDEST REoRRERCE HPFenPoPPREabboRnis chadn Sopag o
h Lch inyol t . th
ol Tone Ve T e 8" R bl BE° e E B, ¥ BrCRPems T g o
ot . K ' R
REETS, AR SIRRRTE ¢ het LG R i MouRdl Erane

comrendiedt be€ntdkakbarks @53f95|ﬁfﬁhs§e9§EHDEﬁrou h the
operation has just started or an adequately long tine

hadotvapie#t psirBCeot Bhet elibAat can of the previous
conmuni cation -179

The node G3 learns that the client Cl having the
MAC address ¢l is connected to the downlink side of the
node G1 haviﬁg the expansion tag address gl. Thus, when
a frame addressed to ¢l is received from the downlink
side from then on, the expansion forwarding tag gl is
added to the frame to transfer to the root port side of
the tree TI1.

The client C3 receives the ARP REQUEST frame
transferred by the node G3 but discards this frame
because the requested IP address does not match the own -
IP address.

The node G4 receives through the uplink port the
ARP REQUEST frame with the source tag gl sent from the
node Gl. The node G4 then broadcasts the ARP REQUEST
frame to the tree Tl and the port on the downlink side.

The frame to be transmitted to the downlink side is

removed of the source tag before being sent out. At this
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between the clients G and C2; MAC address cl of the
client C1 and address gi of a node to which the client.
Cl belongs, as well as NMAC aqgh?gs c2 of the client C2
and address g2 of node to whi client C2 bel ongs,

have 5 not been learnt by the nodes Gl to (4; the ARP
cache of each of the nodes O, C2, and C3 has been
cleared; and an ARP resolution is required before
issuing a PING First, the client Cl sends to the

cl iBéMe croaRPerbiRpQiESNatdeare widhoy yemeoveathentmBcto
for broadcast 10 (ALL.F) and a source MAC of ci. This

f r Qe from, Ehe, £Lame, tes benErAREMiEEBEsEOf EhReUPAiRKeside.

desgripti | ow.. . The node GL i th :
thPSugnTPREL SaoRlFi kPG 5 SFRBEZEhECHoLPFRASNoRNRAEPLink

2805E P8 AR npB]bRRanpbdreRRCReSe A LPuktuE ¥hF b

_gagggrgEQPg EEEfBEﬁngi according to the first

I men own In Fig. 34,. formed with the own

node as th@héox%déoé@-1é§rﬁsf€ﬁ&£tthet@ﬁﬁ§?n§tﬁqﬁgng the

frame, in the format of source tagged Et

frane BddreBeveli DsFednnédtelStd 8REf @6WRUidR §9d806P the
the nodes G3 and (4. Because a franme having an

unhedenGlshavirg Mike Cexpaddednhaagasddyress f oM thais, when
downl i nk side, the node GL I|earns that the MAC

addr ésame| addressedctedcl ois heepeitved ofwrdthetldovadinkink
side. Alearning frane is not 25 transmtted at this

t i fbdepBremsthencor et thagespans sabl forvdmed ingnsay sl obhs

of lLearning frames is being used. The node G3 receives

t nREE8R tPcthp| frmeoke trensfigp to the root port side of

the tree TI1.

The node G2 receives through the uplink port the
ARP REQUEST frame with the source tag gl which is sent
from the node G4. The node G4 then broadcasts the ARP
REQUEST frame to the tree T1 and the port on the
downlink side. The frame to be transmitted to the
downlink side is removed of the source tag before being
sent out. At this time, no operation is made to add or
remove the tag to or from the frame to be transmitted to
the uplink side. As a result, the main signal frame
removed of the source tag is transferred through the
downlink port to the client C2.

The node G2 learns that the client Cl having the
MAC address cl is connected to the downlink side of the
node Gl having the expansion tag address gl. Thus, ﬁhen

a frame addressed to cl is received from the downlink
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ARP REQUEST franme with a source tag gl which is sent
fromthe node GL. The node G3 then broadcasts the ARP
REQUEST frane to the tree Ti and the port on the
downl i nk side. The frame to bd®ransmtted to the 5
downlink side is renoved of the source tag before
being sent out. At this tine, no operation is nmade to
add or renove the tag to or fromthe franme to be
transmtted to the uplink side. As a result, the ARP

REQIEST frmomnthere mvedhef expensdiencéotragriding tag gl is

transferred through the 10 downlink port to the client
c3.adfigd {odéhes framend ot kxenshierctpetheCropsyboytt Béde of
MAC_ address ¢l is connected to the downlink side of

t h&PenbdgeaT thavi ng the expansion tag address gi.

Thus, when_.a frane addressed to c|] is_received from

t he domnliﬁﬁelgi%?ﬁg egoﬁ??ﬁéﬁeﬁth?h%R%xﬁﬁﬁgﬁﬁﬁ frame

f ot [ 0.4l ,is _added,to the franme to transfer
tot?%égﬁggfggoP% Eb el ge gﬁeappego?%?r$ﬁegEP%eEgecs
recgj erAR S a erpe t he
nogghéggghg ?éggggggghﬁggéﬁggeté% %%a%%eQPﬁéess' The

regyeshedchPraddr gafedae8sN2h gﬁéCﬁEﬁﬂﬁ 9Mmﬁl\§f{th a

address. The node (4 recelves rough the up port

t hgesfRRaREGWERACl haABebt Brt B SRMT §€sb@Bc8! MBENLddress
fromthe node GL. The node 4 then broadcasts the ARP

REQEEST ahdf sendist ehéherameetdi tBodndde @It Mid Mrame is
downlink side. The frame to be transmtted to the
dowafenkedi e as thenBRPIREPLY hEramerie thg desertption
being sent out. At this -181

below.

The node G2 receives the frame through the
downlink port. When a tag to be added and an output port
are searched for with the destination MAC used as a key,
it is seen by the previous learning operation that the
expansion forwarding tag gl may be added to the frame
addressed to the destination MAC address ¢l to transfer
to the root port side of the tree T1l. Since a check of
the hit bit has revealed that it is in the no-hit state,
the node G2 adds the source tag g2, instead of the
source tag gl, to the ARP REPLY frame and broadcasts the
frame along the tree T2 according to the first |
émbodiment, shown in Fig. 35, formed with the own node
as the root node. As a result, the main signal frame, in
the format of source tagged Ethernet (R) frame 62A shown

in Fig. 41, is transferred to both the nodes G3 and G4.

At the same time, the hit bit for the destination cl is




10

15

20

25

time, no operation is nade to add or renove the tag to
or fromthe frame to be transmtted to the uplink
side. As aresult, the frame is transferred through
the uplink port to the node @3along the tree T

wi t hout any tag 5 operation performed. The node 4

|l earns that the client O having the MAC address c

is connected to the downlink side of the node Gl
havi ng the expansion tag address gi. Thus, when a

fr &t dirtdsddt ¢t@ts.s received fromthe downlink 10
side fromthen on, the expansion forwarding tag gl IS
added to tf&er pgRe G4 resrives tbrewehr be ppidnki pert the

of h ree TI. The node & receives through the
PR REGILY. (Erane R tReGDESPONES e HABt 2t REMSofOD £hE

P 2o 208 ?ﬂé%é?%%j’%ﬁ%%’?&a%wlfﬁﬁ%ﬁf e%Gfa#Y trame
i 1 d T t
T A ey aor 17 dnd SAMTHeR e BhChe MEnRITI pleke e

t f Is sent t 2 Ah.S G . N
optihe 16 BE SRRt sal B0 SO ot LI 4o Penoved

frem the koaree! @aBepbEarembklae E@nttBﬁtQDLA€ktiiQetime,
As a result, the main signal frame renoved of the

soubCepbagtidnt ianmhaer ed hRHOBEhrbERE8vedenB! tAK B8 br from
to the client C2. The node G2 learns that the client
C thevitmgmeheo BE MRGnamdteed eb tBecapheakegifie.t Neowever,
downlink side of the node G having the expansion tag
adthesaRyi REFhYsframenisanbtaheandfleeseddbeponti the node
received fromthe downlink -182
G4 because the tree T2 is truncated at the node G4.
At this time, the node G4 learns that the client
C2 having the MAC address c¢2 is connected to the
downlink side of the node G2 having the expansion tag
- address g2. Thus, when the node G4 receives a frame
addressed to c¢2 from the downlink side from then on, it
adds the expansion forwarding tag g2 to the frame to
transfer to the root port side of the tree T2.
The node G3 receives through the uplink port the
ARP REPLY frame with the source tag g2 sent from the
node G2. The node G3 then broadcasts the ARP REPLY frame
to the tree T2 and the port on the downlink side. The
frame to be transmitted to the downlink side is removed
of the source tag before being sent out. At this time,
no operation is made to add or remove the tag to or from

the frame to be transmitted to the uplink side. As a

result, the ARP REPLY frame is transferred through the
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side fromthen on, the expansion forwarding tag gl is
added to the frane to transfer to the root port side
of the tree Ti. The client C2 receives the ARP
REQUEST. frame 5 transferred ¥¢ the node & and
confirnms that the requested |IP address matches the
own | P address. The <client C2 then generates an ARP
REPLY franme with a destination MAC address of ci and
asource MAC address of c2 and sends the frame to the
nod®ldpk Perd: ftoakbei gode Gdf witbgutoaay thg ARPTRERDY
frame in the description below The node &2 receives
t h@eﬁfgﬁ?@eeihla@@lgHSt ﬁésodémpisﬁl%rp‘@ﬁt thypeghathagdewnpank

added  and a put port .are searched for with the
de?PFﬁaFPoﬁ E&?@H &3 ¥ikbythesspurce sagnrspoved-

P orvar di ngAEabhgf P petiRnade bontest %gghiﬂdv%%ﬁ%lent
roo?hpor?ﬁ? fhe MR aeaRgehoas &8 LanhEARSHPEe Hhey 0°
h'Hoﬁgilﬂ sf &eggeghﬁhﬁbdéths Eglhgetﬁg ?kéﬁﬁg?aﬁhtag

20 t e source ag g

SOHHQEeEQQgI' $10ud he il K lnodd aP Advh RFQade ast e

the franme along the tree 12 according to the first

emhadraBsed 808P Edol Bhe3@owhPiARAsYHENEEHR EMENNOAE it
as the root node. As a result, the main signal frane,

i nad8st bhef expahsbbn sﬂumaramg etlaft er vet th&) £Eam@seLo
62A shown in Fig. 41, is transferred to both the
noteangBernntoGihe oot hpostineidéenef the tréebl2. f or
the destination cl is - 183
The client C3 attempts to receive'the ARP REPLY
frame which is transferred by the node G3 but discards
this frame because the destination MAC address gl does
not match the own node MAC address g3.
The node Gl receives through the uplink port the
ARP REPLY frame with the source tag g2 sent from the
node G3. The node Gl then broadcasts the ARP REPLY frame
to the tree T2 and the port on the downlink side. The
frame to be transmitted to the downlink side is removed
of the source taqg before being sent out. At this time,
no operation is made to add or remove the tag to or from
the frame to be transmitted to the uplink side. As a
result, the main signal frame removed of the source tag
is transferred through the downlink port to the client
Cl.
At this time, the node Gl learns that the client

C2 having the MAC address ¢2 is connected to the
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10 15 20 25 set to the hit state. . The node 4
recei ves through the uplink port the ARP REPLY frane
with the source tag g2 sent frogmthe node G. The
node G4 then broadcasts the ARPYREPLY frame to the
tree T2 and the port on the downlink side. The frane
to be transmtted to the downlink side is renoved of
the source tag before being sent out. At this tinme,
no operation is made to add or renove the tag to or

fr eWiak sdde of $@ﬂtm@ﬂénﬁﬂt@GVF@Qtﬁéeuswpﬁmsgpaetag
Fbmever gﬁe REPLY frame is_not_transferred

od

bePGTFeERe r bERSR sENE hRode ol TQe‘i’%TY?%m%af’ﬁ%F“e
d } , ode .4 t
Thedliteades B ¢ t-fﬁgmt ﬁéeﬂﬁewagapgsﬁés £Lof Ahep; ag, it

Lot (BRI S 0C Bl IR RGP (I Snb Brane to

expanS| onta ress

fe % S Eha%ﬁe ?@6&8 d £9q62ok" eHLt Reedonyl i nk
R9ES pi P

romthen on, i1t e expansion forwarding

tag 92 to ¢he Eiﬁaﬁttél regpshes Eﬂetﬂﬁlﬁogﬁgﬂﬁitfféﬂg with
of the tree T2. The node G3 receives throug

upkhekdpettinkReonARRCREBEYeb5a8® WhibBht N8 8PHhEEetP8d by
g2 sent fromthe node &. The node G3 then broadcasts

t hehARROBEPGY . f radicé othdaddgein i ol MAd eadiids Diindttthes
downlink side. The franme to be transmtted to the
dothei aknsMAe addresvvedll, bhetbdientirCt tragebeésrehis
bei ng sent out. At this tine,
frame and passes it to the ARP module, which in turn
records the MAC address corresponding to the destination
IP address in the ARP table.

This completes the description df the
communication sequence between the clients Cl and C2,
which is performed before the transmission of PING
REQUEST from the client Cl to the client C2 in the

'sequence N312, and which involves two steps: the client
Cl transmits ARP REQUEST to the client C2, and the
client C2 responds to the c¢lient Cl with ARP REPLY.

The sequence N312 is a communication sequence
consisting of the exchange of ICMP ECHO REQUEST (PING
REQUEST) and ICMP ECHO REPLY (PING REPLY) between the
clients C1 and €2, which is performed under the
following conditions: a long time has not lapsed since
the exchange of ARP REQUEST and ARP REPLY between the
clients Cl and C2 in the sequence N311;7the address gl

of the node to which the client C1l belongs,
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no operation is made to add or renove the tag to or

from the frame to be transmtted to the uplink side.

As a result, the ARP REPLY ﬂ&gg@ is transferred

t hrough the -184 uplink port’to the node G w thout
any tag operation perforned and is also transferred

t hrough the' downlink port to the Cient C3 with the
source tag renoved. At this tine, the node G3 | earns
that the client 5 C2 having the MAC address c2 is
cofPEEEsPonginge toddhel MK siddeess cheodogbecelagntngl,
t he expansi qgn ta% address g2. Thus, when the node G3
regﬁsv ex &P&ﬁ@ RydtbesBgaes 62 fPoftin&hgoRMtPHE Port
side from n it dd e expansi orwardi n

Cag oo T HAE lreseocT0ok her 61 160G Rd POG: ApoPRSY been
Si t e . e ient . C3. attenpts to. regejve

© ha SRB R, 78 PRRe 7R he ChERRL: BPFBA TRy ERE. HBte

&3 IS Car I §qf e S esLlLpa

R e 2P shE S A e R 8RN bR by

adghassodd i Zha eadeafhrbgsehyesst BhauaBabheqUphisk the
2
port the ARP REPLY frane wt e source tag g2 sent :

fremithe CQOBél@ﬁﬁsTh@oBQQSpghdiﬁﬁntBrQﬁécﬁﬁésaﬂéﬁeégpcz
REPLY franme to the tree T2 and the port on the ,

dowfl thk slldentTge, haanbBeéf Dheathansmitted to the

downlink side is renoved 20 of the source tag before

bei ng sentThetnod¢ Ghikasitike hho leperfvr othe MABdeddess

add or renpove the tag to or from the frane to be

t r AAsAPEt &a tnothétupl whklei the mede G2 has the hit bit
for the MAC address cl set to *hit.”

First, the client Cl sends to the client C2 an
ICMP ECHO REQUEST frame with a destination MAC of ¢2 and
a source MAC of cl. This frame is referred to as the
main signal frame in the following description.

The node Gl receives the frame through the
downlink port. When a tag to be added and an output port
are searched for with the destination MAC used as a key,
it is seen by the previous learning operation that the
expansion forwarding tag g2 may be added to the frame
with a destination MAC address of c2 to transfer to the
root port sidé of the tree T2. Since a check of the hit
bit has revealed that it is in the no-~hit state, the
node Gl adds the source tag gl, instead of the expansion
forwarding fag g2, to the main signal frame and

broadcasts the frame along the tree T1 according to the

first embodiment, shown in Fig. 34, formed with the own
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result, the main signal franme renoved of the source

tag is transferred through the downlink port to the

client 25 Cd. At this tine, the node G |earns that

the client C2 having the MAC a#dress c2 is connected

to the -185 downlink side of the node G having the

expansi on tag. address g2. Thus, when the node Gl

receives a frane addressed to c2 fromthe downlink

side fromthen on, it adds the expansion forwarding

t agrogie tas tthe fooatenbdeb tAansaf eestidt| hehe 00hiPOsignal

side of the tree T2. The client Cl receives the main

si dramet,r dme thist formaé oés somarieotalyg€dadthesnetl (R) frame

which is transferred by the node G. Since the

de§t PnSDOWR WRCFadr 43s Ast thensfensedwioMbothdthessodes
the client. C receives this 10 franme and passes it

toGPh€9§R§4nDd%Fe hensame i himar nthe debk dait heompiche

%F rres nding to the destination |P address

ﬁ%lﬂﬁ lPBb 1?hg§tCEHpFBFe§th§tB§§cription of

h { bet the cl c_and
| Ez,e 15 wnbhk PROR.ST FRERCRED oF B ORER R LLPEPEFE the

Cre BEEERL ERAbL"EakLERL C%:ﬁ:/ bodefhifatigh. bl o2
Choet, ehon' EBESAVAS AFF t?ﬁ%f hd LUt Bl (2 sdlitnea

REPLY. w2fh TERe S@as €S8 DA 2mh6E éz Cﬁ?ﬁ'@&'né&aé' P&y, but the
sequence consisting of the exchange of

. REGRESEh ( @b n&%ﬁ)a@ﬂﬂ@@a@&@ﬁ@ﬂé@hﬂﬁ\@ on the

REPLY) between the
MAC address c2 has not completed. Therefore, the node G3

broadcasts the main signal frame to the tree T1 and the
port on the downlink side. The frame to be transmitted
to the downlink side is removed of the source tag before
being sent out. At this time, no operation is made to
add or remove the tag to or from the frame to be
transmitted to the uplink side. As a result, the main
signal frame removed of source tag gl is transferred
through the downlink port to the client C3.

The client C3 receives the main signal frame
addressed to the destination MAC c¢2 which is transferred
by the node G3 but discards this frame because the
destination MAC address does not match own MAC address
c3.

The node G4 receives through the uplink port the
main signal frame with the source tag gl and the

destination MAC c¢2 sent from the node Gl. Since the main
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clients d and C2, which is perforned under the
follow ng conditions: a long tinme has not | apsed since
25 the exchange of ARP REQUEST and ARP REPLY between
the clients O and C2 in thé}§§duence N311; the
address.gl of the node to which the client C

bel ongs, -186 corresponding to the MAC address cl of
the client d, has been learnt by the nodes & to (4;
t he out put port for the MAC address cl1l of the client
0 SHS§aélﬁ§§&? basna FeHIrRe Kpgt Rddeddetlr; nede 6étput

L r the NSC 5 address c2 of the client C2 has
al 53&30685ﬁ £ srﬁrawﬁ alpBInshe Eﬁeeaﬁa ?ﬁé bAdFegsport
g2 of

h
coPPeEbSﬁgg%BEf‘Bgt ROaf e BopE L pe b oriRgHe SRREAR BSing
wmEngSgaskERRRLon R 8H% a5 2 REY. M [ e 1L RS

Fess 2 seéet.

E??ﬁ%ﬂgmﬂaeﬁ ke, t; Mol pRaes ?2%?‘?‘%‘%65°°f“b§ﬁ"

ECHGhEEQU%§E EéﬁHFe“béEna dent! 8at! OnMAG QY CigndD

source MAC of cCi. This frane is referred to as the 15

MbpeshgNsh igamadentbhadaob£0feﬁ6vée§ﬁéI@agoeo ofhfrom
node C receives the frame through the downlink port.

Wheheaftaget bobbe attleflshnittea oot phé @WeIlinkasede. As a
searched for with the destinati on MAC~used as a key,

| t resudeenthy maenpsegnalisftame nisgtopes feroadt thtotdglke the
20 expansion forwarding tag g2 may be added to the

f rapdlnki pora testheantde GRAGhougethe ofre@ Tb without any
transfer to the root port side of the tree T2. Since

a eddikieon oReremeval of a tag.

The node G2 receives through the uplink port the
main signal frame addressed to the destination MAC c2
sent from the node G4. And, the output port on the
downlink side is retrieved with the destination MAC c¢2
used as a key. Then, it is seen by the previous learning
operation which port of the downlink side the node
having the destination MAC address ¢2 is connected to.
Therefore, the node G2 removes the source tag 1 from the
frame and transfers the resultant frame to the downlink
port through which the client C2 is connected.

The client C2 receives the main signal frame with
the destination MAC address c¢2 which is transferred by
the node G2. The client C2 passes this frame to an
application or another program because the destination
MAC address matches the own MAC address c2.

In this example, the frame sent from the client
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bit has revealed that it is in the no-hit state, the

node Gl adds the source tag gi, instead of the

expansion 25 forwarding tag . to the main signa

frame and broadcasts the fra along the tree Ti

according to the first enbodinent, shown in Fig. 34,

formed with the own -187 node as the root node. As a

result, the main signal frane in the format of

sour.ce ta Et her net (Rﬁ ane  62A shown in Fig

418 Ui ds adaced 8 P po cnﬁeEﬁHeegﬂaeﬁszmdsenthaf the
$ sane tine, tlnatlgn c2

BB bk GpnthepsLisht £d°FRes ves e ferEchd
t
e SERER! ok 7 Ber pARE SRR AR ERSRRh e iEnd ehe
ougeu& cBOlihcl 3qBFLENRY r L LRE gRShEnEb 0RMAGae co.
Gsed ey, but fhe 10 search doesnot

h'&hggcﬁﬂﬁﬁetﬁg l-e2eRi-Bd 28 EBethgﬁﬁhﬁﬂg%gggaﬁZfPQﬁﬁeln

not conpleted. Therefore, the node G3 casts t

ﬁatﬁesE@ﬁibwﬁﬁ@”ﬁeb@r&ﬁelbhee Ti and the port on the
downlink side. The frane to be transmtted to the

downl i nk stHe nedeeapvedcoivédetBouf cané aghbeligh etid

being sent out. At this tinme, no operation is made to
addownlirkoperthe When tad tag ftorbd heidedirend abeutput port
transmtted to the uplink side. As a result, the main

si gnel sepuabhedefiovedibh theardestagagionsMAC ansédrasda key,
t hrough the downlink port to the client C3. 20 The

cl &niscseenchyveBet hearningspeppmptionnel bbersegeence

t he 9 stination MAC c2,which is transferred by the

notié Eﬁt%%F HRecEFRANERPR FPEVRI BLRYUERItHb may be added

to the frame addressed to the destination MAC address cl
to transfer to the root port side of the tree Tl. Since
a check of the hit bit has revealed that it is in the
hit state, the node G2 adds the forwarding tag gl to the
frame and transfers to the node G4 the main signal frame
in the format aécording to the first embodiment shown in
Fig. 5.

The node G4 receives through the uplink port the
main signal frame with the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
thg spanning tree T1l, the node G4 transfers the frame
received through the uplink port toward the node Gl. At

this time, no change is made to the frame. Therefore, a.
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| he, nod h.th k port
ey 18 RERE %ogh% Rupged - ostce dbae  nafrere o1

destinati on MAC address does not match own MAC address

c3. 25 The node (A receives through the uplink port

the main signal frame with the source tag gi and the
destination MAC c2. sent fromt¥e node G. Since the

mai n -188 signal frame has a source tag added, the

node 4 broadcasts the frane along the tree Ti and to
the port on the downlink side wi thout performng a
search using the destination MAC c2 as a key. The

f r dreg tie hots addes it treshaved, handowhlel MACS iadielriess is not
renoved of the source tag before being sent out. At

t hizeviilidemo operation is nmade to add or renove the
tag to or from the franme to be transmtted to the

upl i nk si dél‘ epgode Fdsgeceivee hraughghhe ppaspki port the

transferr hrou h the 10 upllnk port to the node &
nt ﬁé« Py they d eéaapﬁtéﬁ’noﬁwmam &pg gl

tneoiacabE byl Wl d8:ReNGF0n ERPaptnpnBude Rhe Sn
NAQdH%esgse@h§§ gxﬁ%&SlEHGgﬁgm%fcﬁeﬁssgd abﬁ the output

previous learning “operati

do nkns [ [ [
DqiREELbnskAS HOANIIn Siak! e é?érérﬁ%‘i FAL a2chRey

redeseinhBeoaoMacectiagsédf B8Mat Ry 20 FHaWE ANdis seen by
transfers the resultant frame to the downlink port
t hthegheaknthgt bpechitoh 62 tRecovg@ehed. N211 which port

of the downlink side the node having the destination MAC
address ¢l is connected to. Therefore, the node Gl
transfers the frame to the downlink port through which
the client Cl is connected.

The client C1 receives the main signal frame with

the destination MAC address cl which is transferred by

the node Gl. The client Cl passes this frame to an
application or another program because the destination

MAC address matches the own MAC address cl. In this

example, the frame is passed to the PING program in the
basic software, by which the result of the PING command
is displayed.

- This completes the description of the
communication sequence consisting of the exchange of
ICMP ECHO REQUEST (PING REQUEST) and ICMP ECHO REPLY
(PING REPLY) between the clients Cl1l and €2, which is

performed under the following conditions: a long time
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The client C2 receives the main signal frame with the
destination MAC address c2 which is transferred. by

~the node &. The client C2 passes this frane to an 25

appl i cation or another program3ecause the destination
MAC address natches the own MAC address c2. In this
exanple, the frane sent fromthe client - 189 d is
assuned to be an | CVP ECHO REQUEST, so that the basic
software on the client C2 creates an | CMP ECHO REPLY

f r dvas wath hdpsetbstines ithe M¥Chaodreesf ARPAREQUEST and ARP
source MAC address c2 and sends the frame to the node

& REPLHh betweate tihe cdfientsd Glo amsl (O2e imaities isgaomence
frame in the follow ng description. The node &

r edBiMgs thee addnass: iilo Rfh thee nogewko whisdr thewsddeat C1
ta t.0 be added and out put port are searched for

lORgSye SALTHSPOR GQ]?J'h&s MAC ggldresg ol s
?%eﬁégban3|g%%% r %%:H%gfiﬁ &W ﬁgﬁq gﬁﬁdgé G?heth
t SR ST Fou0 chaOuAES sl cl Gy EHETRTiERL ET has
a gheeadayf pelae Richhi ebgg%hgeﬁsﬁ ee#th@he Eukﬁu%npbgﬁ for

15 hit state, the no ds t brwarding-ta

t o thiee MALr agRirasd thapgf ehs Laikhe @Qdﬁa§4a§98a39'ﬂeen
signal frane in the format according to the first

enfedira®nbys kbennode Eig. abd the BEdee54 HCBIEVEHe node to
through the uplink port the 20 main signal frame wth

thwhdehtthetcaneaxpelsbemohgg,gboseekpbhamhgheQneHe MAC
&. And, the output port is retrieved
address c2 of the client C2, has been learnt.

The sequence N313 represents a communication
sequence consisting of the transmission of ICMP ECHO
REQUEST (PING REQUEST) from the client Cl to C2 and the
transmission of ICMP ECHO REPLY (PING REPLY) in reply
from the client C2 to Cl1l, which takes place at a point
in time when a long time has not lapsed since the
completion of the sequences N311 and N312, that is,
before the aging process is performed.

In the description of the sequence N313, it is
assumed that the address gl of the node to which the |
client Cl1 belongs, corresponding to the MAC address cl
of the client Cl, has been learned by the nodes G2 to
G4; that the output port for the MAC address cl of the
client Cl has already been learned by'the node G1l; that
the output port for the MAC address c¢2 of the client C2

has already been learned by the node G4; and that the -




with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always Sﬁézto the root port side
of 25 the spanning tree Ti, node 4 transfers the
frame received through the uplink port toward the
node GL. At this tinme, no change is nade to the frane.
Therefore, -190 tag is not added or renoved, and the

ddress _is not rewitten, The node Gl receives
thPSaﬁﬁSFhS 2(pfi thepspraer ke Whirh $hgnaliepsne2vpehongs,

{ hEoREaER gﬁ&aggnggpgﬁg' ﬁ%&? ggglgsrw. ﬁﬁheét shepgl ?ﬁeyg?

d t

exhanoPerfy 14PR9R. A3, b9r. s PRe BRenl CLoERican the
NAC cl nﬁSZ%HS hgdéeé.i Cﬁﬁgn’?ﬁ%tﬁéh@%‘gﬁf‘%‘geﬁ‘éﬂ b dadress

| egpnigg pRERRALLOR ﬁﬁdtbggSﬁSHénég ﬁ%&é HQ&C@hQOﬁERMQ;t

the downl ink sidé the no aving t estination

adgeesehel mhe ganpeskedit fet THEr h9Ler the node GL
transfers the frane to the downlink port through which

the clientFitsts €ehaneTietk 4D Jéed€! t&Nthél cIEeet UMES an
the main signal frame with the destination MAC
adOCMBSECHOWREQUEST framsfwitkdabgestbratibor MBIC dhec2 and
client Cl1 passes this frane to an application or

anat seurge ojp@nebechus e fiwua niat imefer®@ dddress $he

mat ches the own MAC address ci. In this 20 exanple,

t HBain opibonal phtase ib the ﬁmlka#@@r@%$¢rnmtm9nbaS|c

sof t war e, by whi ch the result of the PI NG conmand
he node Gl receives the main signal frame

through the downlink port. When a tag to be added and an
output port are searched for with the destination MAC
used as a key, it is seen by the learning operation that
the expansion forwarding tag g2 may be added to the
frame of the destination MAC address ¢2 to transfer to
the root port side of the tree T2. Since a check of the
hit bit has revealed that it is in the hit state, the
node Gl adds the expansion forwarding tag g2 to the
frame and transfers to the node G3 the main signal frame
in the format according to the first embodiment shown in
Fig. 5.

The node G3 receives through the uplink port the
main signal frame with the destination expansion tag g2
sent from the node Gl. And, the output port is retrieved
with the destination expansion tag g2 used as a key.

Then, the node G3 transfers the frame received through
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is displayed. This conpletes the description of the

communi cati on sequence consi sting of the exchange of

25 | CMP ECHO REQUEST (PI NG RESQ%ST) and | CMP ECHO

REPLY (PI NG REPLY) between theY¢lients A and C2,

which is performed under the follow ng conditions: a

long tine -191 has not | apsed since the exchange of

ARP REQUEST and ARP REPLY between the clients C and

C2 in the sequence N311; the address gl of the node

t o thRi BRliRE ppréntowardhhengedecE?r bspanapngheoonhput

MAC address cl of the 5 client C, has been |earnt by

t hBORGdESrGhheoeapanghen FRrpardaBet thgr 9ghés Mabways set
al ready been_ | earnt

: | |
Dby BhnCaOk POT RO bR At Bhe: SPaRRERHLtRAS E%dr 55 ehis
i h I ' b I t t :
ot he) "o thiRbe f5 A308 F85PHe PEERna. Hknd¥odd a tag
. . f
L age chbebabea BEOPERevER ) BAROPAL Mial abffe b G s not

address c¢ een | earn

sedugpeerd@13 represents a communi cation sequence

consi sting of the transm ssion of |CVP ECHO REQUEST

(PING REQUES ) ndd@ gl heedd 1 wdd @ré%ﬂt%‘%ﬁﬂﬁq]&%ort the
transm ssion of | CMP ECHO REPLY (PI REPLY) in reply

20maionsigeall feane Gitl fHe abseiniekes PkP&esPdndtag g2
point in time when a long tine has not | apsed since

t rehiclnps esénh Hfom hehes emoden ce3. NElihcendhd3 Eddridsat g2

is, before the aging process is perfornmed. In the

detedipated by the despuimaeidBiSxpansien tag is the own
address, this expansion tag is removed, and the output
port on the downlink side is searched for with the
destination MAC c2 used as a key. Then, it is seen by
the previous learning operation which port of the
downlink side the node having the destination MAC
address c2 is connected to. Therefore, the node G2
transfers the frame to the downlink port through which
the client C2 is connected.

The client C2 receives the main.signal frame with
the destination MAC address c¢2 which is transferred by
the node G2. The client C2 passes this frame to an
application or another program because the destination
MAC address matches the own MAC address c2. |

In this example, the frame sent from the client
Cl is assumed to be an ICMP ECHO REQUEST, so that the

basic software on the client C2 creates an ICMP ECHO

REPLY frame with the destination MAC address cl and the
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assunmed that the address gi of the node to which the
client C belongs, corresponding to the MAC address ¢
of the client C, has been Iegﬁqu by the nodes & to
4; that the output port for t MAC address cl of the
25 client Cl has already been | earned by the node Q;

“that the out put port for the MAC address c2 of the

client C2 has already been | earned by the node (4;
and that the -192 address g2 of the node to which the
cl IS MBG éﬁ&§?88c6@r@§%oﬁﬁnﬁg ther hsaprctadghesgode G2.

c2 of, the client , hgﬁ been | earnedq by each of the,
nodBd S TAgecdS FRECTEEE &0 Ris tARCTRLD BionAd frAme in

MAC, ad 2 "hit," and the node G also h
O 358, Wl Ty o210, 10 22120 s
Fi t, th i . t i L I
Foo Reoudier Bl G2p Fedaskes! Rip shath Shrdlan e .

. ahi i 5 yef ¢
ﬁgﬁﬁ%?%3§§|gﬁf§ﬁe ?ﬁéﬁh%r?%§|%§n%§ %éé§§2%§?2%9 dfepd port

nodeeGheh@e8bMeEokNGi BRI Bnai AB8L 1 hhAS o4ghgt
downFinE port. vﬁen ; tag to be éddegggngﬂgnu'gﬂtgﬁta key,

poit aseseefr ehad the wkbpAnthendesiaaBing MA§ qUSREy be
as a key, it is seen by the |earning operation ?hat {5

t haddepanei thef framedwhght afjegdesBynheioaddnact addhess c1
frame of the destination MAC address c2 to transfer to

t htor bvanpber todbhef robt poet F2deSpoficekha theekTdf Since
the hit bit has revealed that it is in the hit state,

t heé chegk of bheshihebékphasi vevealedrthay itgiglimothe

the 20 frame and transfers to the node G3 the main
siﬁhﬁls??ﬁﬂe the node G2 adds the expansion forwarding tag

gl to the frame and transfers to the node G4 the main
signal frame in the format according to the first
embodiment shown in Fig. 5.

The node G4 receives through the uplink port the
main signal frame with the destination expansion tag gl
sent from the node G2. And, the output port is retrieved
with the destination expansion tag gl used as a key.
Then, because the output port for the expansion
forwarding tag gl is always set to the root port side of
the spanning tree T1, the node G4 transfers the frame
received through the uplink port toward the node Gl. At
this time, no change is.made to the frame. Therefore, a
tag is not added or removed, and the MAC address is not
rewritten.

The node Gl receives through the uplink port the

main signal frame with the destination expansion tag gl
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in the format according to the first enbodi nent shown
in Fig. 5. The node G3 receives through the uplink
port the main signal franme with the destination
expansion tag g2 25 sent from¥Ré node GL. And, the

out put port is retrieved wth the destination
expansi on tag g2 used as a key. Then, the node G3
transfers the frane received through -193 the uplink
port toward the node G2 because the output port for

t hehaghads Gentofinamithe megegS4i.-s Ginagstbet addoeshegl
root port sjde of the spanning tree T2. At this tine,
no Jeﬁﬁﬁ@équ byadbe destdraties expansione tag dgg the ewn

ded . d, d the VMAC add i t
R Hid o e a8 108, SAde £ 5 REBEYR ey hey catput
h [ [ | f ith the.destinati,
o beEd on £h8 Bl et Serdtre Zf'z?%ﬁav'l%i}. the
Si : indicat b esiipation
e&?%%%ﬁ%%t?g%r?§ﬁt%§ é%ﬁhnggggeggy'¥H¥§g%kp%%s% nsg%% by

| S theMRYed ofld 1688 nANLPBberRRE bnORnk B dawp! bek  gide
EpingLers FnRBES bE ok

is searched for w estination used as a

kelowhl@Rk klideStheehol¥r hbbeng’ eMbOHSskeRRRIBH MAC
operation which port of the 15 downlink side the node

hawddgesbecdesti sahnedtMACtoaddriasse £3ré 5 €I NESAL 31

to. Therefore, the node G transfers the frane to the
dowrhnakepsr thehfoagh whi ¢he dbentinknpo€? through which
connected. The client C2 receives the main signa

frihe eiidant201t he desnheagbedon MAC address c2 which is

transferred by
The client Cl receives the main signal frame with

the destination MAC address cl which is transferred by
the node Gl. The client Cl passes this frame to an
application or another program because ﬁhe destination
MAC address matches the own MAC address cl. In this
example, the frame 1is passed to the PING program in the
‘basic software, by which the result of the PING command
is displayed.

- This completes the description of the
communication sequence between the clients Cl and C2,
which takes place under the following conditions: a long
time has not lapsed since the completion of the previous
communication between the clients Cl and C2; and MAC
address cl of the client Cl and address gl of a node to
‘which the client C1 belongs, as well as MAC address c2

of the client €2 and address g2 of node to which client

. C2 belongs, have already been learned by the nodes Gl to
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the node @. The client C2 passes this frane to an
appli-cation or another program because the destination
MAC address matches the own MAC address c2. In this
exanpl e, the frane sent fromtf€-client 25 Clis
assuned to be an | CvP ECHO REQUEST, so that the basic
software on the client C2 creates an |CMP ECHO REPLY
frame with the destination MAC address cl and the -194
source MAC address c2 and sends the frane to the node
&@G4.This frane is referred to as the main signa

frame in the follow ng description. The node &

recei ves tHRbefpade €frdnghhincoBenathPR nRx@aple §Rrnbe
tag tg be addeﬂ and gn outgut ort are,seiccheg for

wi ERPLRECHe¥EFRafi BRARNEALWBRACshgsaysimplifiedghructure
t ha e expansi,on forwardi Ia I be. . added. to

t n8%r iR RRAE Ctne TR ITHIRT T TR aafinia s F5 i ehe
tr fep,to t r EL Si of the_tr T.,.. 9
101836164, 8gr finc 2Rt 1BRihonk6Er cheliEat | hS) "hot hffng che
th ' e . add e ! '

{ enbeh ShB5catbesAedEniEiB0d501A0 PAIAISL Rving the
nogigc Choti8raRhY tabY8hehb2PE20431 NE3§ ORERL h2GERE JERE

to the first embodiment shown in Fig. 5. 15 The node
mléaﬁﬁiﬁﬁsmﬁagéﬂépt her&d@kafk302r ind hehe "BiRe s 908 and
frame with the destination expansion tag gl sent from

t hedpordet Rendilg dbheredépuingothei lesehingvedamed t h

the destination expansion tag gl used as a key. Then,
because the output port for the expansion 20

forwarding tag gl is always set to the root port side

. of The effects of the second embodiment will now be

described.

Conventionally, when an asymmetrical flow which
has a different node where the flow passés depending on
a direction is flown on a network based on the Ethernet
(R), a learning process does not function, a frame
-reaches the destination but it is also transmitted to
unnecessary destinations. Therefore, there were problems
that the network became congestion and bandwidth
usability became low.

In this embodiment, the learning process can be
functioned even when an asymmetrical flow occurs, by
first inserting a source tag indicating a source of
transmission into a frame with a broadcast MAC address,
a frame with a multicast MAC address, a frame with a
unicast MAC address for which the source of transmission

"is unknown, or a unicast frame which is flown for the
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the spanning tree Ti, the node 4 transfers the frane
recei ved through the uplink port toward the node 4.

At this tinme, no change is made_to the frane.

Therefore, tag i s not added ort%émoved, and the MAC
address is not 25 rewitten. The node Gl receives
through the uplink port the nmain signal franme with

t he destination expansion tag gl -195 which is sent
fromthe node 4. Since the address gl indicated by

t hEigsst tamei afitexpahsi tagt dgarsingeopanatigns eybichever
this expansion tag is renoved, and the output port on

t hd SdGRRILLARPIPde ang $bEPCREANSHALHLPH SHEhsframe with the
destination MAC cl used as a, i,S. S

key. Then, it een by
t hEOPFEGi 689 P¥SFnPnETEFer YREER hAi EATPEEHL WaEhy fBe sdurce
adfPeEstor FheconAls 88 Ebe TREFPONS! PARRHoAePEED
108PRBEEEechp Eh8TBaLE, FaEpLEt vhEChr Rerr el "HadePRRl co
2dr a5 Safit iR of FoaneHikpioh sl FPhhRELLE  (pheseby

cl heRtetingaengSat NEihE8BR bF ﬁ&tﬁr@fﬁ' £6R4E8Ri B8R and the
anot her program because the destination 15 MAC address

mat6Rgegh8st OMipMbbendatess BhndiildtRi §saBkaiple, the
frame is passed to the PING programin the basic

sof twar e, GynwéhthohdElyeswihén 0d £1emd NGy Diogmanglag i S

di spl ayed. This conpletes the description of the 20

coimdicabingnasdegtinatbehvwees thansferneéd, Clt amals C2,
necessary to previously set on each node an expansion
tag (forwarding tag) to be added according to the
destination MAC address.

In this embodiment, the expansion tag to be added

can be set on each node according to the destination MAC

address by containing tag information in a frame with a

source tag, thereby automating the setting operation.

(Fourth embodiment)

A fourth embodiment of the present invention will
now be described in detail with reference to the
drawings.

The fourth embodiment of the present invention
differs from the first to third embodiments in that this
embodiment additionally has an input port table memory
that allows one to determine a destination tag based on

an input port and an input VLAN (VMAN) tag without
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whi ch takes place under the followi ng conditions: a

long tinme has not | apsed since the conpletion of the
previ ous comruni cation betwed®the clients C and C2;
and MAC address c1 of the client O and address gl of
a node to 25 which the client Cl belongs, as well as

"MAC address c2 of the client C2 and address g2 of

node to which client C2 belongs, have al ready been

| eappddngytbhpendden &lléarnid§bopéHatitee. node A in

this operation exanple can be replaced with a node E4

whi ch has Bigi nd?iis eal Blocktdiagrad shevinoreliGAietihid a
sinplified node E4 differs fromthe 5 node G4 on the

f ofPBfLagrabienpef nkke tableosedssh ngpihe203nargording to
duplicate information 3013, (2) not having the MAC
fogﬁﬁrg?ﬂﬁt?aﬁmﬁoﬁ%ﬂ%my-2043, (3) not having the

(55 ot SR ICRTS LSRR A akongdingnEo tge

Th f .th d di il b .

sofaFH B EmEtdis: SEEORS-S TRt T Snde ehith jypit 203

whi [ .
é&@?ré%ﬁ?i?&ﬂéﬁé?{ﬁ%s{KgﬁiaﬁigéﬁérEiJ&ﬁanPqﬁﬁifk}o in

dependi ection | own on a net

bagiegh Otfhé heatd eiﬁe&%gen(ﬁ) lﬁ'l.'ilJﬁ 210(}612%5; r&ﬁia%béjcf’ %Ircitth the

not function, a frane reaches t atio ut

| Sta B hd idiedidie WIRE QSRAMShed 8SAIId t3h
Therefore, there were problens that the network

 bemaweariongeatr ian 2082 haindwitheh i2{Fotsaiiildd Ydagran®son

| ow.
unit 2032cC.

The table management unit 2031C issues a search
instruction via table search key information 20131 to
any of the tag forwarding table memory 2041, MAC
forwarding table memory 2043, broadcast forwarding table
‘memory 2042, and input port table memory 2049.

More than one piece of table search kéy
information may be designated for input into the table
management unit 2031C. If two or more pieces of table
search key information are designated, the input port
table is first searched, and if there is a hit, the tag
forwarding table is then searched. If a mishit results
from the search of the input port table, the MAC
forwarding table is then‘searched, and if there is a hit,
the frame is sent to the port designated in the MAC
forwarding table. If a mishit results, the broadcast

forwarding table is searched to determine the port to
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In this enbodi nent, the | earning process can be

functi oned even when an asymetrical. flow occurs, by
first inserting a source tag-ilh@i cati ng a source of
transmssion into a frame with a broadcast MAC

address, 25 a frame with a nulticast MAC address, a

frame with a  unicast MAC address for which the source

of transm ssion is unknown, or a unicast frane which

I swhiietnther frhRe- $Adulidrbé bubpudft efhd heedrath instruction
| ear ni.ng operation, whichever is applicable, and then

t r doseathi hgb3achsf cahput tb the feowardinggotavke 204 as a
tree, which is formed with the source node for the

fr sablasrehd addreasdef3ileng a path 5 opposite to the
path through which a frame addressed to that source |

of transmi ‘g%?%nai frapgareives, therbdyle Jeanadsnppt nait
aIIBV|at|on of network cgngestion and the = consgquent

ééefrEﬁPrﬁﬁnﬁahamF]a? ht{i5abi ?lemgewpd% AByFig. 14,
i s i L e
aaHACHLAERE, RoFAPRIC 28, IR g R Sk B i
t hi81 MRS e ﬁécof@fmgx{’@néﬁé’ntﬁﬂg% é’%@&i HGk &

est

be set on each node cording to |nat|on MAC

adﬁ16334b ?éffﬁfmi%éﬁkéﬁﬁb'@foiﬁ@IEéElé§1fhfﬁﬁﬁﬁpﬂ!dfhty
source tag, thereby automating the setting

Opef@ér opf {IOUEAd EsbeskAENG )20, Tt thomratingniable,
of the present invention will now be described in
dednd | brvddcaet ef ercerding heable.

In contrast, when a frame arrives, the table
management unit 2031C of this embodiment shown in Fig.
49 performs searches in the priority order of the input
port table, tag forwarding table, MAC forwarding table,
_and broadcast forwarding table.

As a result of searching the individual tables,
if the retrieval header information matches the table
entry information, the table management unit 2031C
receives hit information from the information comparison
unit 2032. If the retrieval header information does not
match the table entry information, it receives mishit
information and causes the same table to be searched for
different addresses until there is a hit, or issues to
the forwarding table 204 a search instruction for the
next table in the priority order. If there is a hit

- while referring to the MAC forwarding table, the table
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draw ngs. The fourth enbodi nent of the present
invention differs fromthe first to third enbodi nents
in that this 25 enbodi ment adddti onally has an i nput
port table nenory that allows one to deternine a
destination tag based on an input port and an input
VLAN (VMAN) tag without - 198 needing to performa

| earni ng operation. Fig. 49 is a block diagram show ng

| N rd@ladiement GAAEI goB AL Qﬁt?ﬁtkhﬁhéaéh€r§eﬁi€ hi pfibimation
203C according to the fourth enbodi nent. 5 The table

seangh2uant 2@3€escier dhnghtoayhfg mahagemenbotabEat 2044
differs fromthe table search unit 203 according to

t heff Figt. éfboHroegh thewhabheFngmoi readtdatbttd: circuit
tabl e managenment unit 2031 is replaced with the table
mad@dénein thet eR0BYOANMACHEagnéDtITt dnagOment
conparison unit 2032 with the information conparison
unithfggmatioghwhenppe aRhtyehERe LAi MACHBAT 9Esimsthe

search instruction via table search key information
20881 ¥ 0°f JMPCoFOr heCREEY { BRIATEIAGE t BT RQUARMPY Woen the

MAC 15 f dj | 2043, by oad
FoPREFH REPEabF aGEREF s SoRsta e | Abh T Er TGl adress
neggrg %Q - NQ&%ré%@” one pi ece of table search key

I nfor na %ay e de

on Signated for input into the table

nanagenentiﬁ@igak%f@%ngieﬁé/& %%%Lég:g&e tssdj_feﬁ@.cfﬁ&s the

20 search key information are e inpu

ngéé?g%ﬁbiﬁféﬁméﬂéﬂ SEH EPEro e | faB e Sed TR #Hdm the
frame header information 20141 and outputs the extracted
information to the information comparison unit 2032 so
as to compare it with the table information obtained
from the forwarding table 204. The header information to
be output differs depending on the table memory
searched: VLAN ID tag information 6202 is output when
the tag forwarding table memory 2041 is searched;
destination MAC address 601 and VLAN tag 606 when the
MAC forwarding table memory 2043 is searched, VLAN ID
tag information 6202 and VLAN ID 6064 when the broadcast
forwarding table memory 2042 is searched, and VLAN ID
6064 and input port information when the input port
table memory 2049 is searched. The table management unit
2031C instructs the information comparison unit 2032 to
output a remove tag command as tég control information

20322 only for a forwarding tagged Ethernet (R) frame

addressed to the own node.
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- forwardi ng tab

forwarding table is then searched. If a mshit results
fromthe search of the input port table, the MAC
forwarding table is then searebed, and if there is a
hit, 25 the frane is sent to the port designated in
the MAC forwarding table. If a mshit results, the
broadcast forwarding table is searched to determ ne
the port to -199 which the frane shoul d be output. The

search insthSFEEEtibﬁ & 1abbe tfe OLLWLE hond ent unit
e 204 as a abl e read address 20311.

VWhew3dcf wane Ber déesribBa& babbe.managenment unit 5
2031 according to the first enbodi nent shown in Fig.

14, the t ab)ewhanagefeate uhh t t RO 3fdrmat oo fli Bighéndthe(R)

. second enbodi mrent shown in Fig. 42, and the table

mafzgeeefl ionthe203t8taewbedimgntoshbent hrdig. 2 is
enbodi nent shown in Fig. 47 performsearches of the
t aBPRBYt| fromethei devnyink sider bhet heblegnavrggmenpgunit
table, MAC forwardjng table, and broadcast forwarding
taEpéiclﬁeESHPﬁﬁsFPemh%Huﬁ PrERetabie a4 tpeiRant e

ORI O e B R TP e e
[ 1 . , i , . MAC
A AR b oBbe, o0 er g LARLE M hoy 1o
a LReHLT ;8T 2 SRAL Chh Ny { hegd iy 'tﬁr—%‘bééé%'nééiéz?e
retrlevaf' header 1T nfornati on nmatches t etane entry

i né@&f@ééof‘oﬂ@ﬁetﬁﬁf%&mgfé@ﬁér&iﬂé 1 Ak added is

receivgs hi t |nfor ion fromthe !nforna i on
coppeaised, thetdedSthation eddedss eval adbadleimmediately,

i nformati on does not
the tag forwarding table is searched for a destination
port, and the frame is output to the retrieved port. The
MAC forwarding table 2043 and broadcast forwarding table
2042 are not searched if there is a hit in the séarch of
the input port table 2049. In this case, the table
management unit 2031C examines the destination MAC
address and, if the destination MAC address is a
Universal Administrative MAC address (“01-80-c2-00-00-
0x” in this example), it instructs the frame rewrite
unit 205 via frame header information 20141 to convert
-the destination MAC address into a MAC address for
identifying a tunneling frame (in this example, “00-00-
4c-00-00-1x", where x is any value between 1 and f). If
there is no hit in the search of the input port. table

2049, similarly to the table management unit described

in the first to third embodiments, the table management
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match the table entry information, it receives mshit

i nformati on and causes the sane table to be searched
for different addresses until208here is a hit, or

i ssues to 25 the forwarding table 204 a search
instruction for the next table in the priority order.
if there is a hit while referring to the MAC
forwarding table, the table -200 managenent unit 2031C
outumitts 21034 Cembivgshioh itbf ar sehiroRl o20842 BMAdJ Sbow&sdihg
in the agi ng managenent table 2044 of Fig. 19 through
t héabdlel @0d8noandr éhdnctnt robearchubf tB84broadcade
entry of MAC-Tag entry managenent 5 information when
anf@ﬁﬁﬁydﬂyﬁetﬁglﬁﬂépﬁiaéfoneCﬁsshéY-entry of MAGC- Port
entry managenment information when the entry type is
MACOPort, 64D nheRed nframes bp chiee %@E?@%sOfd%ngnﬁﬁﬂﬂ%ﬂ

address. Th abl e mapagenent unit 2031C also extracts
t hgtﬁf6nﬁ8a385 ?ﬁfﬂa? T BRACQEBIREt tPothR el 1 BB colbod pent
141. and

- f . f d [ ti 2 t
TR ol 8T, TERAkobBLOFERM R 204 PR SHAEY e

Cabra P e ng%%%ﬁg o EP A0 PRHRES Heriisht Eore
20¢abT, ¥ | i
dopanarng. o Che o) meed for HP LR, R Ha S

| n{gpaRt VOAN 6262 VEARHI Py aded kdpe @Y thereandi R0hit in
tabl e nmenory 2041 is searched; destination MAC
adtl £s ss é8dchnan L tdgs Bl tiwD ddered G doram di ng

tabl e nenory 2043 is searched, VLAN ID 20 tag

i néxpamsiom H5@ORawdichd)lydy {2 GB6Aadded 1hebraatehstthe

forwarding table nenory 2042 is searched, and VLAN I D
destination address is added immediately, the tag
forwarding table is searched for a destination port, and
the frame is output to the retrieved port. The MAC
forwarding table 2043 and broadcast forwarding table
2042 are not searched if there is a hit in the search of
the input port table 2049. 1In this case, the table
management unit 2031C examines the destination MAC
address and, if the destination MAC address is a
Universal Administrative MAC address (“01-80-c2-00-00-
0x” in this example), it instructs the frame rewrite
unit 205 via frame header information 20141 to convert
the destination MAC address into a MAC address for
identifying a tunneling frame (in this example, “00-00-
4c-00-00-1x", where x is any value between 1 and f). If

there is no hit in the search of the input port table

2049, similarly to the table management unit described
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6064 and input port information when the input port

tabl e nenory 2049 is searched. The tabl e nanagenent

unit 2031C instructs the inf@38ation conparison unit
2032 to 25 output a renove tag command as tag contro
informati on 20322 only for a forwardi ng tagged

Ethernet (R) franme addressed to the own node. -201 An
operation exanpl e of the table nmanagenent unit 2031C

W liln kted€dceitbed baliow. efibdpdiMenta, f tAeetablé hkanagement

format of Ethernet (R) frame 60 in the first
emoaditm28B 1€howwesnoki o 2 ssabchnpfit the oMAC hforwarding
downl i nk side, the table managenent unit 2031C
se&nbRes 20Hé,i apdt tpent toadl ee20dd afi blyeabroadcast
conbi nation of the input gort and the input VLAN (the
VLARTYardéngs tablet 80@@09 aReE@s8aryme) as a key. If
there is a hit _in this search and, the destination 10
address fof31 h@h%Qp%ng%‘FPf orARA TR By VPHSHRHYed
obt ai.ned, .t he stina ddress is,added
| feAParERgS tpAcafdgers m.ﬁa 1 GBR Se€ REF heep rasided
t t h t t s
reﬁ??ebgg G%ARTLSr ﬁﬁgF¥ Fads t ngi$%§€ f%%ﬂ-éhétﬁﬁllnk
br as 0 [ if
Cheraef s’daé rPBL! Rl g 0%5“%9‘% A
208B0adBatPi €268 Cmethdy L BPA £ 1 STBNGOEHE N npihd tVI%‘Qﬁl(%et to
exam nes the destination MAC address and, if the
despooet i 80 MM s adieP Sad Sa &epi QY ecadenA&@n@v@tsr &hleve

MAC address (-01-80-c2-00-00 20 Ox" in this exanple),

i texpeshs Lich SEoieafdame tayy idenveitd 205 fiand riane the

header information 20141 to convert
format of Ethernet (R) frame 60 in the first embodiment
shown in Fig. 2, and transfers the resultant frame to
the port on the downlink side specified in the output
port information. At this time, the table management

. unit 2031C examines the destination MAC address and, if
the destination MAC address is a MAC address for
identifying a tunneling frame (“00-00-4c-00-00-1x" in
-this example), it instructs the frame rewrite unit 205
via frame header information 20141 to convert the
destination MAC address into a Universal Administrative
MAC address (01-80-c2-00-00-0x, where x is any value
between 1 and f).
(4) When a frame with a VLAN {(or VMAN) tag added,

in addition to the expansion forwarding tag addressed to

the own node, is input from the uplink side, the table

management unit 2031C searches the broadcast table
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the destination MAC address into a MAC address for
identifying a tunneling frane Bin this exanpl e,

"00- 00- 4c-00-00-1x", where x2P%-any val ue between |

and f). If .25 there is no hit in the search of the

i nput port table 2049, simlarly to the table

managenent unit described in the first to third

enbodi ments, the tabl e nmanagenent -202 unit 2031C
nowesosy £642 seanghtbé tLhpulMATLABr GardVMyN) tbhyeas a key.
2043, and then to a search of the broadcast

f ofkat8ERgrempres2bhe ekpAREESBaf9rwaRIiNGchaq, f¢omeerts
in the format of VLAN Tagged 5. Ethernet éﬁ% frame 61
actBrdfrgmeolnke FhesformpbdphebAN sRadmed nEFhgrneat | (R)

i nput fr the downlink side,  the table panagenent
un'Fa§83ggI§BaFgﬁ2£lFﬁE FHBAELIPRRE SPABN e1BOMYY ust ng?Rd
cogbi nation the input, port and jnput VLAN (or

VRRFIEES 2 Chel Bl Pahy CPEARE"Eo | HRE  Ront bh | She

se d i Lon. ad SS _f t e | on
rodHHL PR e Eoee PRl el f GRS e ' piee “TRASER S Lo,

desti PRt s opiALAr eas 4’:&9@%%%@;5%&@%% 38%1¢ Wkamines

forwardi ng table is searche destination port,

anghet BsEiRgRibS WAL Paldt&sd hend £11# eMedl dQSdindthfon Mac
MAC 15 forwardi ng tabl e 2043 and broadcast forwardi ng

t ablidre@94Ps as eMAOt addpe € efbi fiddf BFy End didurddelieg
search of the input port table 2049. In this case,

t hEramd| € 0 orah@rgbrreil - 0 1x 2031 G lekaraxmspidle, it

destination MAC address and, if the destination MAC

adtReteudss st Dname rsewr Aoeriunist r205 el Ve awkd riesssier

("01-80-c2-00-00- Ox" in this exanple), it instructs

t henformati3@el to convert the destination MAC address
into a Universal Administrative MAC address (01-80-c2-
00-00-0x, where x is any value between 1 and f).

The information comparison unit 2032C compares
the result of a search of the forwarding table 204 made
by the table management unit 2031C with the header
information which is subject to the search to determine
an output port. As described above, the information
comparison unit 2032C receives input port information of
the frame, the VLAN ID tag information 6202, the
destination MAC address 601, the VLAN tag 606, header
information of the VLAN ID 6064 from the table
management unit 2031 according to each table search,

~receives as table information 20451 a result obtained

when the table management unit 2031C gives table a read

instruction to the forwarding table 204, compares
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‘resu

unit 205 via franme header information 20141 to convert
the destination MAC address into a MAC address for
identifying a tunneling frame205n this exanple, "00-00
25 4c-00-00-1x", where x is any val ue between 1 and
f). If thereis no hit in the search of the input

port table 2049, simlarly to the table managenent
unit described -203 in the first to third enbodi nents,

t hdntfalinetienagegoptiingntd 2834 G-aPYE St PPe | OaRd SGRE St s

of the MAC forwarding table 2043, and then to a
se&heheotryhénboomdtaeh ahdroatpiitgpdabl EnPvRation 20321.
necessary. 5 (3) Wien a frane, to which the expansion

f oPgdpdengutpygthidgetbedovttpuheponn inflermakidre0321, the
added but not a VLAN (or VMAN) tag, is input fromthe
upPRARTMEEgen EABPARbS el nakby WCPTRP203a Gl s sl ehashe

t he broadcast ,table nmenory 2042 using the input VLAN
(sePPREb PRBt- 5BEerMatieR; s2pd nbf Bhew &g the $ams port
reppyes the expansion forwardi ng t converts the

(- SRESTRR B one STEaERs oFhet HepTe v fRIOTE deRE FAT Hibe

fi j ' [ an r e
SitpaE oI L rofiion b0 &b, € SN T R & B £v0m

SPESoHLRY. | Tddifs QULHPYL 13 )PPl okt LN yal gbtaS1 of
tinezﬁthg tghle_ngnggene#t) uni t 28%%%Eéxanings t he
deghé NGbé Lt IRE Sfedthed feadl& A8Rd | ARG .
address is a MAC address for identifying a tunneling
frame ("00-100#erdEHOday fotwarding @sbIY Gemdrly 2041 is
instructs the frame rewite unit 205 20 via frane
heselterred orttereni 2 Gicl Indeal canweirparee heteddr naifcymation
MAC address into a Universal Adm nistrative
because the VLAN ID tag information 6202 is a memory
address to be referred. Output port information and
fault-time output port information in the tag forwarding
table memofy 2041 of Fig. 17 are output to the output
port 20321. If there is no entry, entry mishit
information is output to the table management unit 2031.
(2) When referring to the MAC forwarding table
memory 2043, retrieval header information is compared
with MAC destination address and destination's first row
TAG information on the table entry of the MAC forwarding
table memory 2043 of Fig. 16, and if they match, output
port information and fault output port information
contained in the table entry are output to the output
port information 20321, tag information is output as the

tag information 20321, and tag control information is

output as the tag control information 20322. If they do:
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MAC address (01-80-c2-00-00-Ox, where x is any val ue
between 1 and f). (4) Wen a frane with a VLAN (or

VMAN) tag added, 25 in additi2oé-to the expansion
forwarding tag addressed to the own node, is input
fromthe uplink side, the table managenent unit 2031C
searches the broadcast table -204 nenory 2042 using

the input VLAN (or VMAN) tag as a key. It then

I eRRME matlh , e xpRRY AlsheEVWahHbPElatd8n £9N¥EEHSE tbHethe
frame into the formt of VLAN Tagged Ethernet (R

f r amblel manaybeehir shienpodivent shown in Fig. 3, and

5 transfers the resultant frane to the port on the
downl i nk s{d¢ Wheni feferiing heo cthpubrpadcast forwarding
information. At this tine, the table nanagenent unit
20%ablexmemasy 20A8,dtbei heatlen Mfoumatier amda pemory
t he destination MAC address is a MAC address for

i deAfregenghachupferrRAETIEAS FankY (the- BodN IBOt89- | x"
in,this exanpl it ipstructs_th ame rewite upi
D04PSPETREARE Rebderr FREOVHEY: Bh 604he to thbert fhenot

C address,.into.a Unjvers

nanerigbnad; R GREOAES e "t R SmALish o0 Pddlra} qutemg port
X iﬁf89¥a¥§bﬂelgegggcﬁr&aéggs{)f?%g J@fﬂ ﬂ@HhQEOé%

conmpari son uni conpar es resu a sear

of 2phe serwpydi Ng §ablRelPdd "BIL 2 Watdie ﬁé‘@df@en the port

managenent unit 2031C wth the header 1 nfornmation

 WhhGlbéBs SHOE eb gt OréPEd SeArSTuES dstEsIE %r@mﬁﬁﬁh&tlon

port. As descrlbed above, the information
coapdrtieoninpit 262G ihEseha€ton NPLSE ﬁﬁ&felﬂéOﬁﬂ@ﬁt&ﬂy the

of the franme, the VLAN ID tag information 6202, the
frame is discarded, and if there is no match, is output
as the output port information 20321. If there is no
entry of destination memory address to be referred,
entry mishit information is output to the table
management unit 2031.

(4) When the input port table memory 2049 is
referred, it is not necessary to compare the header
information because the VLAN ID tag information 6064, as
well as the input port information, is a memory address
to be referred. It is checked whether or not forwarding
tag information is contained in the input port table
memory 2049 of Fig. 51. If it is not contained, the

frame is discarded. If it is contained, a request is

- issued -to the table management unit 2031C for a search

" of the tag forwarding table memory 2041. In addition,

forwarding tag information is output .as the tag
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destinati on MAC address 601, the VLAN tag 606, header
informati on of the VLAN ID 6064 fromthe table

managenent unit 2031 accordi ng0¥o each table search

25 receives as table information 20451 a result

obtai ned when the table managenent unit 2031C gi ves

table a read instruction to the forwarding table 204,
conpares -205 information according to each table

t ydefoamatdhpr0sS21t handnthy cbheroBt i ARoaMEt OGh PEbT

port information 20321. Before outputting the output
poproviddngatnondd@82énailhénstonfiotirahi ba cotpati asnthe tag
unit 2032C conpares it with the 5 input port

i ntonkgeloanfgnmaitionhédf3die the tgwmne poy tno entry of

i nformation, discards the frane w thout outputting the
ou@ﬁﬁ?lﬁéFﬁopnﬂémﬁﬁY|éﬁd§ésﬁst90b9r§9§ﬁ¥r@@e epprp mishit
from_ | oop |nﬁ (1) t §4 bel ow descri be the
det-@FPTRRELP elﬁpBFEPPBntﬁeF 81 HBBLAHBAN AR B B F 52031C.

efer 0 A0y g e L%y YRl Rt P16, TEIELY o
| EghEskearBRcayeg HAmbALEAT bas 1 ELLO %o che

|n§9ﬁg§ﬁlgﬁb§@gm eh@ul t-time output port |nfornation in
the tag forwarding 15 table nenory 2041 of Fig. 17 are

out put to e kkdimPdaridB 2l ad faddBids tﬂp the fourth

entry, entry mshit information is output to

t adrhieo A N@IE £ el t £ 268 lehd 2foMbeara 11ef efdb g zma t he
MAC formardlng table nenory 2043, retrieval header

i descatibed is doephied: Zdnbed indddC desthatatilon table
address and destination's first row TAG information
ormemery aitad erentyrel ¢iwcwWAC I0tevarslirgplaced with the

table memory read control circuit 2046C, the table
memory write control circuit 2048 is replaced with the
table memory write control circuit 2048C, and the input
port table memory 2049 is added.

The information contained in the forwarding table
204C is the same as the one contained in the forwarding
table 204 of the first embodiment with respect to the
part used in association with the tag forward table
memory 2041, broadcast table memory 2042, MAC forward
table memory 2043, aging management table 2044, memory
information output circuit 2045, and aging control unit
2047.

The table memory read control circuit 2046C reads
a table address to be read and outputs the result. 1In

this operation, it performs a step described below, in
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tabl e nenory 2043 of Fig. 16, and if they match,

output port information and fault output port
informati on contained in the-28dte entry are output to
the output 25 port information 20321, tag information
is output as the tag information 20321, and tag
control information is output as the tag contro

i nformati on 20322. |If they do -206 not match, entry

-m sldidi tiphotoathenstepsu( pyit tdO( 8 hepet Abtmeduipoeh@ntable
unit 2031. (3) Wen referring to the broadcast

f omgEEdynyeatappatmehoeyr20iR, 2046 hecoedingfor nelbé ofiirst
is a nmenory 5 address which is referred to by the
VLENPPEimgti nf or mati on 6202 or the VLAN I D 6064, so

that it is not_ necessary to conpare the information.
Plural outptl Pdr2 redd ATRETDE? thh e WaR: table

A B e R
SRR RAR R A EHT (d Pal cn

'S'U‘?%ﬁ%@%%r?ﬁ@d Ao ore S iy, R Ko B e

of mélfsty né’&d:@ébﬁei@f%é‘df’é@éfvé@ eSS TRE, i Rdplts

mishit Information is output to the table nanagenent

unthe 203dpuf éboivw efh fd¥amd i O trdall | IR A4 Sort

is referred, is not necessary to conpare the
he:adﬁrmatnicm mhm}n dme s tde ad Alid Rdda@ess to the

i nformati on 6064, as 20 well as the input port
irWqunﬂiinﬁOﬂmatiqnﬂuugpuﬁkhirnuiﬂ(ﬂdﬂS.retfrthé.ehtries
is checked whether or not forwarding
are invalid, the absence of entries is output as the
entry hit information 20312.

The table memory write control circuit 2048C
writes entries into each table. When a memory address in
the MAC forwarding table memory 2043, tag forwarding
table 2041, broadcast table memory 2042, or input port

~table memory 2049 is input from the table write address
3011, the table memory write control circuit 2048C
writes the table write information 3012, as a table
entry, to that memory address.

Fig. 51 is a block diagram showing in detail a

"confiquration of the input port table memory 2049 shown
in Fig. 50.
The input port table memory 2049 is used to store

the expansion destination forwarding tag information to

be added to IEEE 802.3 Ethernet (R) frames and IEEE
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tag information is contained in the input port table
menory 2049 of Fig. 51. If it is not contained, the
frame is discarded. If it is-@B%tained, a request is

25 issued to the table managenent unit 2031C for a
search of the tag forwarding table nenory 2041. In
addition, forwarding tag information is output as the
tag. -207 information 20321, and tag contro

i nf8dBnat VOANf Brggpdoiidengean (BRydftamaal iIrstthectdame of
is output as the tag control information 20322. |f

t hdbepPEtndnpntr papfgenesti nkheonangeoey mewprysadadreeses
referred, entry mshit 5 information is output to the

t abFe lhnhalenkRtvaant 02684¢ toFPEFFED,  and BPoeR 65536
di agram showi ng in detail a configuration of a

f oPR&FAPAGCRALPE 5B9¥S€cording to the fourth

Fourth - LCTRROBOFRErTOR PLHE TF o e o by aodress
tne-fgf) SnafEREC BEeh Wifye) i EOPRE Taabitd Idficate

reptagedpwi t i hedahl e Jremrapread file Ciirscgiftsrfiosrmed

2046C, the table menory write control circdit 2

r epyagesli ¥habih§Ca remdAP! SAEEEDE VEd¥hdE BP e ini
cir%uit 5%%8(% gn% t he ?ﬁput port table‘ﬁgnnry Eﬁﬁ&? 2

| spegteand TheviAN orpat iorheaenilsd, nad ik Poesfinlwand Age the
table 204C is the sane as the one contained in the
f ouppedi tgeltalib et 0do aindieate rEAN Ml anedttive tlower
respect to the 20 part used in association with the
t afoworivetsl tablrdiowrmryorll, Iir dadedso palsisd bibembioy
2042, NMAC forward
.support a different number of ports by increasing or
decreasing the number of bits from 16.

The fourth embodiment provides an input port
table in which to previocusly set expansion forwarding
tag information for use with a frame that matches the
.pre-set input port and input VLAN tag ID, so that frames

- may be prevented from being unnecessarily transferred to
‘destinations by transfer using the tag even when the
learning process does not work, thereby achieving the
alleviation of network congestion and the consequent
improvement of bandwidth usability.

Conventionally, when the learning process is not
used, it is necessary to previously set on each node an
expansion tag (forwarding tag) to be added according to

the destination MAC address. This embodiment can

considerably simplify the configuration process because
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tabl e nmenory 2043, agi ng managenent table 2044, nenory
informati on output circuit 2045, and aging contro
unit 2047. 25 The table nmenpRy0read control circuit
2046C reads a table address to be read and outputs
the result. In this operation, it perforns a step
descri bed below, in -208 addition to the steps (1) to
(3) performed by the table nenory read contro
Ci ites 204€ zegoidengoh@iyhieatibat arenbedisddtto(dnly
In a read access to the input port table 5 nenory
204900f aFvVBANS lwhiibh fabbke addpeysreadthentenhinal level,
circuit 2046C receives the VLAN ID 6064 as a table
reatdd avdiepstapdrinpatwhbdch phtivabatéominaks$easet o
the sane nenory address as the received information,
angobpepted vineEbhepnetpbR) svibehest on and
fault-tinme_output port 10 information which are
entered atFifie 2ddtesd }?%Oqlﬁedlmﬁl‘-ys et i on

are inval

Lt 2045.
oheBRELShFSEi bR, eiarals Phor HeVEhERL ShEryORE taceotdfng to

oi PR TBOLB I CORGa 0N ' b FndCIRYHIBAT SR O wer
2 Oegﬂ?iguégeisxﬁs énszu{ub gqéﬂla%ron ta@éef

OI‘V\BI‘ I Ng adcast

rree%adiaﬁéﬁt Shoi P mgt 1t8@i@eﬁ€r%&wt 29&%&&{5&5113,
fromthe table wite addiess 3011, the table menory

Whi€ £0811i@ht CC4 £fUEhIHSC AD) Wiviesh e, tall eEthdittet
informati on 3012, as a table entry, to that nmenory
ad(Rpsswitch wW2.

The Ethernet (R) switch W1 has two types of port,
UnTag port and Tagged port, and performs the following
steps:

(1) It additionallf inserts a VLAN tag, which is
.a pre-set ID, into a frame input from the Untag port in
the Ethernet (R) frame 60 format shown in Fig. 2,
converts the frame into the VLAN Tagged Ethernet (R)
frame 61 format shown in Fig. 3, and outputs the frame
through the Tagged port.

(2) When a frame in the Ethernet (R) frame 61
format shown in Fig. 3 is input through the Tagged port,
it refers to the pre-set information. If the frame
matches the pre-set information, removes the VILAN tag
from the input frame, converts the frame into the

Ethernet (R) frame 60 format shown in Fig. 2, and

outputs the frame through the Untag port.
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" Fig. 51 is a block diagramshowing in detail a

configuration of the input port table nenory 2049
shown in Fig. 50. 25 The inp@ilport table nenory 2049
is used to store the expansion destination forwarding
tag information to be added to | EEE 802. 3 Et hernet

(R) franmes and | EEE - 209 5 803.3 VLAN Tagged

Et hernet (R) frames. In the case of 16-port i nput

nmanagenment ast BRowANYE P gresP| yrREIEEESESet | R GsWitSh W1
bet ween 0x0000 to OxFFFF, and up to 65536 entries can

be hefsor-be. cIhentpper cbatiecbetistbnitbeunfali porenanyd the
address range indicate ports, while the lower 12 bits

i naodet €1 VYbARNtsDFagdedapoess tThe daf syurtdieiaaf drse,such
is performed by designating a nenory address forned
by téakbifmangsawipbr & ¥hANat®gANE| DDOQD heave seransmitted
possible to use the 10 upper twelve bits to indicate
VLARA| pgcgaveghshrawgh tﬁ@uTaggﬁé Portndi cate ports.

It is. also gossible to support a different nunber of

ports by ihe?ehthenet (Rbcehsfndi4 nd diiher® oPghaves
from16. The, f t di ' ' t
58P Rar Ty s kR ERPEGR B Ok PERT LR JaRs e edh¥rnet
f j t j t] i f

o KR c£oBlen ' B b5 LI £ £eh i ca Eothode 8y 4G Tl Piya

SOpbhat shiaPRe nddY &f @5%@@@&%@;@&%99 The

unhecessarily transferred to ations by transfer
USEHBEL erhedoRVES NG LAt 20r AREE Nr{ith X ORERS GOPSof

not work, thereby achieving the

ID0001 are transmitted and received through the Tagged
port. |

A first operation example of the fourth
embodiment will be described with reference to Fig. 52.

In the first operation example, the input port
table memory on the node Gl is set up so that an
expansion forwarding tag of a destination tag address g2
is additionally inserted into each of frames that are
input through the port D/L1l, while the input port table
memory on the node G2 is set up so that an expansion
forwarding tag of a destination tag address gl is
additionally inserted into each of frames that are input
through the port D/L1. Based on the foregoing, a
sequence of the exchange of frames between nodes and
clients, in which the client Cl sends PING REQUEST to

" the client €2 and the client €2 sends back PING REPLY to

the client Cl, will be described below. It is assumed
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al l eviation of network congestion and the consequent

i nprovenent of bandwi dth usability. Conventionally,

when the |l earning process is-a2- used, it is

necessary to previously set on each node an 25

expansion tag (forwarding tag) to be added according

to the destination MAC address. This enbodi nent can

consi derably sinplify the configuration process

beamste thel Aript B Bhakatgqeks easbigugation are

reduced to only twod: a VLAN, which is an address on

the term naefbegebegianingntonpuansRit foamés £htipe uidde Gl
termnals are connected via Ethernet (R) switches. 5

Fi ¢s ®2nfdgarkbdosk tthayr am ekpanadoa foowhidingttag of a
exanpl e of a physical network according to the fourth
enbegitipation the pddeaskoug? Thi sddibhbngliut inserted into
simlar to the one in the first enbodinent shown in

Fi §ack ofxéepreshhhatt aggdiepvhathyoughhbBeapertep{Ll. In
4, $thernet %R% switch W, and Ethernet (R)_swtch

Ve OrSRE EPn&PREET(R) deftivAt¥@nnbad: 48dr$pRsIdf ipbeteach

ot SR RQkts IR GASTLRBRE  +GPOWEE! HEE [Botfp iDL, ML s
whj j = . [ f ' f h .
Unp&SenSard, o 608 Lhike The foac NEF Attt O Jifsertion
inofjQ-fngEP@YSQtéaégg%g%%gﬁééfgfhé@ef%%é@igaﬁ%%g'tags

Et hernet (R) frane own I n

OutRat Satdeihp@erh2SudrondpdPe JAagped MY tehis purpose,

‘g2 is designated as expansion forwarding tag information
in a total of 4096 entries in the input port table

- memory 2049, from port D/L1 and VLAN0O0OO to port D/L1
and VLAN4095. In addition, in the broadcast table memory
2042, the D/L1 port is additionally inserted in the
plural output port information contained in a total of
4096 entries from VLAN000QO to VLAN4095.

Then} the node G2 is éonfigured so that an
expansion forwarding tag of a destination tag address gl
is additionally inserted into each of frames that are
input through the port D/Ll1. 1In order to insert a
destination tag gl into each of frames that are input
through the port D/L1l, it is necessary to configurée the
‘node G2 so that the insertion of a forwarding tag gl is
performed for all VLAN tags that are input throﬁgh the
port D/Ll1. For this purpose, gl is designated as

expansion forwarding tag information in a total of 4096
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(2) When a frane in the Ethernet (R) frane 61 format
shown in Fig. 3 is input through the Tagged port, it
refers to the pre-set infornmafldn. If the frane
mat ches the pre-set information, renoves the VLAN tag
25 fromthe input frame, converts the frane into the

Et hernet (R) frame 60 format shown in Fig. 2, and
out puts the frame through the Untag port. -211 As
shemtriiesFig. the, ihpetEpbet neabl&) membtgh2d9, hfsom hsort
client C4 connected to its Untag port and the node Gl

t oD/Ld TndgWBABOPL0 ThepeohfPYul adndnviaN40eh. tImataddition,

| franes with a VLAN tag_of 1D0001 are transnmtted 5 and
redBi {88 bﬁPéGQRSthéatrbgg@@nwt20ﬂe Ehach il pagt is

switch W in_Fig. 52 behaves mlarly to the
Et ﬁsﬁhs%om}lgmﬁlz%ﬁrwd Rethe hié}%@l ?wp%w R V2

h nt C3 ted t t_and
A P R S R R A éroem

sughalh ?§ f£8n§f%ﬁ%é§3a VLAN tag of 1DO001 are

transm ed through the Tagged port.

Afirst o i

b1l be QRAct Bl AP fleddif ‘{éggﬁ% ‘Ezgngqlrwg
fi&ShpDOLER] | QNP EXNGNMREGUESTEL 4 Ut pf’fém {3bl & MBI to
on the node Gl is set up so that an expansion

f oEN@r &l Tent age of Thed E3ameatiisOn nt 2thea@HHRIT1e®2 (R)S frame 60
additional Iy inserted into each of frames that are

I npotmathrshginm tie Pogd IY ldnd idd ea tdeestiymiiqromMAC
taﬁ&éless of ¢2 and a source MAC address of cl.

The node Gl receives the frame sent from the
client C1 through the portD/Ll. Since the input port for
this frame is D/L1 and the VLAN is not tagged, the node
Gl searches the input port table memory 2049 for a VLAN
value of 0000. Since g2 is set as expansion forwarding
information, the node Gl inserts the expansion
forwarding tag into the frame, and searches the tag
forward table memory 2043 to determine an output port.
_The tree T2, which is a tree for the tag address g2, is
formed as shown in Fig. 35, and thus the frame,.in the
format of the Ethernet (R) frame 62 with a forwarding
tag shown in Fig. 5, is transferred to the node G3.

On receiving the frame sent from the node G1.
through the uplink port,:the node G3 searches the tag

forward table memory 2043 to determine an output port.

The tree T2, which is a tree for the tag address g2, is
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20 nenory on the node & is set up so that an _
expansi on forwarding tag of a destination tag address
gl is additionally inserted-gMeo each of frames that
are input through the port D/LI. Based on the
foregoing, a sequence of the exchange of franes

bet ween nodes and 25 clients, in which the client C
sends PING REQUEST to the client C2 and the client C2

sefdgmbacC ksPEhowREPhYFig. 85¢ shdephu§l thdM frake€ is
descri bed below. It is assuned -212 that the ARP has

al eeatdyfbeeadr esotnednoefeze beginning to transmt

frames, the node Gl is configured so that an

expansi.on Thevwaode ne2 treeraives idestfirate wentad o rides node
g2 is.additionally inserted into 5 each of franes that

ar €3i hpuoughr thghuphenkopor®y LISinae Wriderfname dse@dded an
destination tag address g2 into each of franmes that

ar 8Xpapaionhfetygardhed pbry #idressed o Hheawmryodey the
configure the node GL so that the_insertion of a

f oRREF dFAGEL BB gISRECHRS rchomreaficast tabde mgpomp 2042.
t hat [ t th h t t D LI. t hj
purpoEhls' §84rch i e it €2 isqha i Y oFiieiah, 9089 2

oot EEB et Aod e 13 ok 00 ek o iy since
broRtkast tan Py aAERe s B e (R plaral

adsli £ o abdyt | NPESERLL 1 dh s r i il el Al t KUY He REY tremoves

i nformation contained in a total of 4095 entrigs from
VLAND 066b 4 165 M AN Pa rJieN tdeF vl e e firsangonfdrur ed

so that an expansion forwarding tag of a destination
t agramkifesss tle resultant frame to the port D/L1.

The client C2 receives the main signal frame with
the destination MAC address c2 which is transferred by
the node G2. The client C2 passes this frame to an
application or another program because the destination
MAC address matches the own MAC address c2.

In this example, the frame sent from the client
Cl is assumed to Be an ICMP ECHO REQUEST, so that the
basic software on the client C2 creates an ICMP ECHO
REPLY frame with the destination MAC address cl and the
source MAC address c2 and sends the frame to the node G2,

- This frame is in the Ethernet (R) frame 60 format shown
in Fig. 2. This frame is referred to as the main signal
frame in the description below.

The node G2 receives the frame through the

downlink port. The node G2 then searches the input port
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20 is additionally inserted into each of franmes that

are input through the port D/L1. In order to insert a
destination tag gl into each-éi5franes that are input
through the port D/L1, it is necessary to configure

the node & so that the insertion of a forwarding tag

gl is 25 perfornmed for. all VLAN tags that are input
through the port D/L1. For this purpose, gl is

degiapiet meémasy ERA&nasdngf ar vambdingtiag ofif btheaninput i port
a total of 4096 -213 entries in the input port table
meRdiy 2049ther ¥RANOPO00DAE 1aakedy VLANGDO®h i ch pot t i€ $den
and VLANA095. In addition, in the broadcast table
meibey BbgonogdreGEy maypedd the eypansbenl f9rvasdipgdtag gl
in the plural output port 5 information contained in a

t ofQl tBF 453BCeARfi BXARFERT VRANDRBRL RNt ARABOSto ChRe

Pi RESRERbETE 143 et ERP GREPRORLI BRI RSt i of /i mode

roSharognobe Feppsidf BrafhiEins av i8R rame and
d .

G ransrdes FRefe R SF A Tt e R

t heopast Dbk LehSi PeRethet | pgytfpaﬁé §PTwidhi S feéj-%&ﬁlg

D)L1 and the VLAN is not gged, the node 15

seasghescoéP@ingPed €10 t £180t corBi@ierd®4Shdwt B AN 5.
val ue of 0000. Since g2 is set as expansion forwardi ng

i nformati @y teweinodyy Ghd N ddift SyEaNLEN node G2
forwarding tag into the frane, and searches the tag
f otlweouigh abhe wehinly 12043, ttthelaiaien G seamchgrittlporiag
forward table memory 2043 to determine an output port.
The tree T1, which is a tree for the tag address gl, is
formed as shown in Fig. 34, and thus the frame is
transferred to the node Gi.
The node Gl receives the frame sent from the node
G4 through the uplink port. Since this frame is added an
.expansion forwarding tag addressed to the own node, the
node Gl first searches the broadcast table memory 2042.
In this search, the node Gl uses a VLAN value of 0000 as
a key because the frame is not added any VLAN tag. Since
D/L1 is the only downlink-side por£ set in the output
port information retrieved, the node Gl removes the -
expansion forwarding tag from the frame and transfers
~ the resultant frame to the port D/LI.

The client Cl receives the main signal frame with

the destination MAC address ¢l which is transferred by
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20 The tree T2, which is a tree for the tag address
g2, is forned as shown in Fig. 35, and thus the
frame, in the format of the-EBithernet (R) frame 62
with a forwarding tag shown in Fig. 5, is transferred
to the node G3. On receiving the frame sent fromthe
node GL 25 through the uplink port, the node G3
searches the tag forward table nenory 2043 to
dethembaea@lout it FDidnt dhgddRes ThisWirtdhnd A an
tree for the tag address g2, is -214 formed as shown

I nappic8bioandrt Anethée prageamsbedizssf e ededvitdieion
node &. The node &2 receives the frane sent fromthe
noHaC eddrassughtchesuphenkwpodC Sidress s f rghis
added an 5 expansion forwarding tag addressed to the

owAXABRES, t hBe nfHemeEis| passedare heke tRHENGrpoegEam in the

taple,menory 2042. In this search,_ the node (& uses a
VLRREVSI ﬁ%f%va%oobﬁswhaclkeyh%e%%ﬁ@ett% $henRING ¢Rmand
added ahg VLﬁy tag. Since D/L1 is the only

downl FhRPL#¥R9nort set in the plural 10 output port

expans: on Tt IR ted MG G g exchange of
t rf‘Pélfl@é Sbé&?eéﬁ%&ﬁgtarfuﬁ %ér&% ,heirp%ﬁic,q{ Lllhe Téfi.ent Cl
clrent C2 recetves the main sighal” frane wth the

degdhdatp G NMORES 655 Ofe WH Tdhi o TS TEId &h fond T2

the node &. The client C2 passes this frame to an

apendaibafk QFING GHELY O H NS et heiglest i nati on
MAC address nmatches the own MAC address c2. In this

exaonpt Byuitdiel §r arteersenthe fricde tdie i it uClsd Shat an

assuned to be an | CVP ECHO REQUEST, so that the
expansion forwarding tag of a destination tag address g2
is additionally inserted into each of frames fhat are
input through the port D/L1 and the node G2 is set up so
that an expansion forwarding tag of a destination tag

. address gl is additionally inserted into each of frames
that are input through the port D/Ll.

The node G4 in this operation example can be
replaced with a node E4 which has a simplified structure
of the node G4, The simplified node E4 differs from the
node G4 on the following four points: (1) not having the
memory duplicate information 3013, (2) nbt having the
MAC forwarding table memory 2043, (3) not having the
learning management program 302 and the timer 306, and
(4) not sending or receiving the learning frame.

A second operation example of the fourth

embodiment will be described with reference to Fig. 52.
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20 basic software on the client C2 creates an | CWP

ECHO REPLY frame with the destinati on MAC address cl

and the source MAC address c2land sends the frane to

the node Q. This frane is in the Ethernet (R) frane

60 format shown in Fig. 2. This frame is referred to

as the main signal 25 frane in the description bel ow.

The node & receives the franme through the downlink

port. The padehé&lsébeid sepeétiebon hexampLd, Poid imddc port
tabl e nenory 2049 using a conbination of t he I nput :
poteblE/ nkmang bheteAhbOB001ats as&eyupfsonibt cénit

is seen that the node & nmy add the expansion

f orvpedEAgNt gryardingt hagf ofine destinanidéertadeaddress g3
resultant frame to the 5 root port side of the tree Ti
shéﬁmaﬂﬁlmena%hy Jm&eﬁ‘é@‘é igpogaldirame eikpanshan0001 that
forwardin he frame and transfers to the

noﬂ@ EAPY etHﬁPH9§|EB%IPPFEn%/F%rth41¢o?@%Il%EU¥rgprt

o RRES PPEPTE o cH e fHORRRh T F. U8, 5Q GFRAE A8

pr b Elon "FoluEs hag (B 3 o e?ﬁgﬁﬁ%m [ fapidts o1
taPéea&@{@ IngPAP 0. LeLed M A, A AL, AL V&Aﬁml chat

tree T1, e tag ad
f of grethsst &hﬂM@u?} B il pe ﬁyﬁhthﬁishﬁe o' ¥R E%r@301ng,
transferred to the node Gl. The node 3 receives theé

f ransegedticd roMm the ddtanded drttiied etiddmnhdidd -.and

Since this frane is added an expansion forwarding tag
adol Barste, tim twlel Wt del, idite CMatendsl FiNG iRESRESThas
t he broadcast table nmenory 2042.
the client C3 and the client C3 sends back PING REPLY to
the client C4, will be described below. It is assumed
that the ARP has already been resolved.
Before beginning to transmit frames, the node Gl
is configured so that an expansion forwarding tag of a
destination tag address g3 is additionally inserted into
the frame with VLAN0OOl that is input through the port
D/L2. For this purpose, g3 is designated as expansion
forwarding tag information in the entry with port D/L2
and VLAN0OOOl in the input port table memofy 2049. In
addition, in the broadcast table memory 2042, the D/L2
port is additionally inserted in the plural output port
information contained in the entry with VLAN0O0O1.
Then, the node G3 is configured so that aﬁ

expansion forwarding tag of a destination tag address gl

is additionally inserted into the frame with VLAN00O1




10

15

20

25

20 In this search, the node Gl uses a VLAN val ue of
0000 as a key because the frame is not added any VLAN
tag. Since D/L1 is the only-dmwlink-side port set in
the output port information retrieved, the node Gl
renoves the expansion forwarding tag fromthe frane
and transfers 25 the resultant frane to the port D/ LL1.
The client C receives the main signal frame with the

de%hheaibom eS8 Che WoEH HALLT anverhad Ryirpose,
216 the noggﬁﬁa Th§§§||é%$&%| passes this frame to

anglappl §68LyRALEd &80eRSAnPIOYr BOTWECELISE tde information
destination MAC address matches the own MAC address

cl inl sheéheatrgxaiph epottieD/L Anend sVIRSGEQL tin tiee RNGt
programin the 5 basic software, by which the result
of pohe Pabi3: coemeryl 2049 di I @deutlm,s igorepleebroadgast
description of the exchange of frames between qfdes

antableeneBery n2 (i chtheeD L1 appriciis sadrikt i
REQUEST to the client. C2 and the client, C2 10 sends
baiRSErfed REPEY £Re (kikd] epiiteyt Bpeory idimatdt i on

wher e, t he node is set u expansi on
{oFRAFaH AR o e LR %ﬁ?ﬁﬁ@i‘%ﬂ@dress g2 is
addi ti onal erted Nt 0 r;

i nput thro chet porx}flﬁuﬁa t(i]eg"{]%gs%sd&%?;svegelt% up

t f
des%ﬁ% %IQ%n tag adm %# 'S a |tiie%?1ngﬁ§?/e |cn]éleerl%te f4 o
| NEQe TNt ¢35 2aMife FHAneAlQ iRPYhe! BideRethq RO rame 60

DLI. The node 4 in this operation exanple can be

rte%ﬁ?&@l S ai Matey o whikd s & sddqinddiash MAC
) ééﬁ;;g: of ¢3 and a source MAC address of c4.

On receiving the frame from the client C4, the
Ethernet (R) switch W1 inserts a VLAN tag of ID0001 into
the input frame, converts the frame into the VLAN Tagged
Ethernet (R) frame 61 format shown in Fig. 3, and
transfers the resultant frame to the node Gl.

The node Gl receives the frame sent from through
the port D/L2, and searches the input port table memory
2049 using a combination of the input port D/L2 and the
VLAN ID0000 as a key. Since g3 is set as expansion
‘forwarding information, the node Gl inserts the
expansion forwarding tag g3 into the frame, and searches
“the tag forward table memory 2043 to determine an output
port. The tree T3, which is a tree for the tag address

g3, is formed as shown in Fig. 36, and thus the frame,

in the format of the Ethernet (R) frame 62C with a
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20 of the node 4. The sinplified node E4 differs from

the node 4 on the following four points: (1) not

having the nenory duplicate-indormati on 3013, (2) not
having the MAC forwarding table nenory 2043, (3) not
havi ng the | earning managenent program 302 and the

timer 306, and 25 ~(4) not sending or receiving the

| earning frame. A second operation exanple of the
fOlfb_E:*ﬂrardiﬁ@bQQ?”EﬁH wLhly Begdsaswhbed wgh sfefence

to Fig. 52. 7-217 In the second operation exanple, the

i nputane@eirretiabbetABNAGE003t he node Gl is set up so

that an expansion forwarding tag of a destination tag

addr ess g3Thesnedei ¢3 onaddivensend efirand csent rianem withidh node
VLANOOO1 that 5 is input through the port D/L2, while

t h&li spuougbr thet uplénkepory. orbinwe dde Erame set adgsled an
so that an expansion forwarding tag of a destination

t agxpansass §prwasdigdi trenaddyespedrtedtheton 1oder the
with VLANOOQ1 that is input through the port D/LI.
BaBeHeofi3t RerFbr 88T Rlaes 1811% REgadrRet gkaklR weIPEhge042 -

f_f bet d d.15 client [ ich th

ol FRnERER SERHE i REs RRRRRH (9ot . THABYA Lo i (L as
[ Cc3 d k .PI REPLY t t-h | i.ent .
i PR SIS B ARG, i R PRRAEY e tReet in
ha@h@h?tf@)?éll b&?@pt{iﬁé{%f’@di LE B RO d®, the node

transm rames,” t node I's configured so that an
exX@ansbRdyd o1 ¥Rk db RS 206101 £ SrwiLS A A A PG %@rﬂ?ﬁne,

g3 Is additionally inserted into the frame wt

VLANG Odah$8érs Sthé ek s b b Mg he tdife POd tthe port D/LL.

On receiving the frame from the node G3, the

Ethernet (R) switch W2 checks the VLAN ID of the input
frame. Since the Ethernet (R) switch W2 is configured to
handle a tagged frame with VLAN0001l at the Tagged port,
the Ethernet (R) switch W2 removes the VLAN tag from the
frame, converts the frame into the Ethernet (R) frame 60
format in Fig. 2, and transfers the resultant frame to
the client C3 through the Untag port.

The client C3 receives the main signal. frame of
the destination MAC address c¢3 sent from the Ethernet
(R) switch W2. The client C3 passes this frame to an
application or another program because the destination
MAC address matches the own MAC address c3.

In this example, the frame sent from the client
'C4 is assumed to be an ICMP ECHO REQUEST, so that the

basic software on the client C3 creates an ICMP ECHO
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D/ L2. For this purpose, g3 is designated as expansion
20 forwarding tag information in the entry with port
D/L2 and VLANOOOl1l in the inp@E0port table nenory

2049. In addition, in the broadcast table nenory

2042, the D'L2 port is additionally inserted in the
plural output port information contained in the entry
wi th VLANOOO1l. 25 Then, the node G3 is configured so

t hNREPAN feapansioh €bewdesthgatbgn afir@ alddtéswmtddbrendigthe
address gl is additionally inserted into the frane

wi EhuyveaNgB0lad@ngss had éndi spuds t bheufhandetpothe

D/L1. For this purpose, gl is designated as_expansion
f oERleENAY (RY FWiteheW? on This thyamentisy iy thepdithernet
D)L1 and VLANOOO1 in the input port_table nmenory |
2048) fremadbyi bormath shevwhrbadthst -t Ais dEirgley is

2042, the L1 port is additional i nserted [nto the,

o BFEPEDRE oED BRr The (P it 1 UL AR ndl TIF (dRF S on
mﬁﬁglg$AN0001. Once the configuration described above

is conpleted, a PING REQUEST is sent fromthe client

C4 to 10 i ent. 5 nt 1
(R rame dége?%rér%g’t% e %ﬁ%rﬁfffg% #}gegl@?fﬁetthe

degt heBhd O M\ GwadN 685 A& AN A APWLE MGD0001l into

address of c4. On receiving the frane fromthe client

CAthé henpdt heFdied, (ddnvardshendl f RS timtd AN 2y ofagged
I DO001 into 15 the input franme, converts the frane

| rtthéimet/LEN Tagged 6 Ftiwmrel (HRywd rianeiGl. f3r raid

shown in Fig. 3, and transfers the resultant frame to

t her arosiee 18] . t Heh eremnlle: @it riacener g0 tile frrcsdee Gant from

t hr ough

; The node G3 receives the frame through the

downlink port. The node G3 then searches the input port

. table memory 2049 using a combination of the input port
(D/L1) and the VLAN (0001) as a key, from which it is
seen that the node G3 may add the expansion forwarding
tag gl to the frame and transfer the resultant frame to
the root port side of the tree Tl shown in Fig. 34. The
node G3 adds the expansion forwarding tag gl to the
frame and transfers to the node Gl the main signal frame

| in the format of the Ethernet (R) frame 62C with a

- forwarding tag and VLAN tag shown in Fig. 53.

The node Gl receives the frame sent from the node

G3 through the uplink port. Since this frame is added an
expansion forwarding tag addressed to the own node, the

node Gl first searches the broadcast table memory 2042.

In this search, the node Gl uses a VLAN value of 0001 as
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the port D/L2, and searches the input port table
menory 20 2049 using a conbination of the input port
D/)L2 and the VLAN IDO000 as-ag2key. Since g3 is set as
expansi on ,forwarding information, the node Gl inserts
the expansion forwarding tag g3 into the frane, and
searches the tag forward table nenory 2043 to
deternmi ne an output 25 port. The tree T3, which is a

- trsekégr. t@ﬁé@%/@ﬁrfg%@%nif Jdﬁ;rrﬁql@%mo%#m set in

Fig. 3 and thus the frane, I'n the format of "the

Et haenplucR) bh8pBRL686rW L hAf8rmadfoh OFdeF b REd | agh&ntbde
VLAN tag shown in Fig. 53, is transferred to the node
&SBe1iThembode her egphnesoh heotwandisgntad r orah hehd ofteame,
G through the uplink port. Since this frame is added
ancohvexpanshenffanwaindtogthagvhalr Bsgeed t Btlhdmeneown(R)
node, the node G3 first searches the broadcast table
mefivepe2632formnatt shewseidnchigt hd, nanié GRansters than
value of 0001 as a key. Since DL1 is the only
doRapPAkast derpwet taethe nooxheDHlbral out put port
information retrieved, the node 10 G3 renpve thF

expansi on $RrE@EeRVPI P riorath LR e Gl, the
trﬁgﬁfers the resultant. franme to t
re

SFREE  HE) 1 PRHEST 1 FRESFD QEAGaV R o0 e, S
& hedte o aflest M GpiEna N R P Ssn i, gobls wea o
- .
popehLe & Sgded EERg Lk IO T ok he TR

I ofie | BEherhd TER ) COMAEER Si Needd?d® 4Hd ilMe EAdeF st the
(R) frane 60 format In Fig. 2, and transfers the

r eprdh@Nt cdfive®t$ Othe frame into the Ethernet (R) frame 60

format in Fig. 2, and transfers the resultant frame to
. the client C4 through the Untag port.

The client C4 receives the main signal frame of
the destination MAC address c4 transferred from the
Ethernet (R) switch W4. The client C4 passes this frame
to an application or another program because the
destination MAC address matches the own MAC address c4.
In this example, the frame is passed to the PING program
in the basic software, by which the result of the PING
command is displayed.

This completes the description of the exchange of
frames between nodes and clients, in which the client C4
sends' PING REQUEST to the client C3 and the client C3
sends back PING REPLY to the client C4, in a

configuration where the input port table memory on the.
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the client C3 through the Untag port. 20 The client C3
receives the main signal frane of the destination MAC
address c3 sent fromthe Etheppet (R) switch W2. The
client C3 passes this frane to an application or

anot her program because the destination MAC address

mat ches the own MAC address c3. 25 In this exanple,

the frame sent fromthe client C4 is assuned to be an

| CMBJECHY REQUBETupSeo! Rahe B oBBahE SAT FURYELaInG Eag of
client C3 creates an | CWP ECHO -220 REPLY frame wth

the destiRatien address §4 28daHA8ciSANILE Merted
address ¢3 and sends the frame to the Ethernet (R

swiheéb W2 fraheswlitANeLAR0001t BRaEt her pgput (Rrdughietiod
format shown in Fig. 2. This frame is 5 referred to as

t hpomti B/&Rgaald thanknputt bertesablet memorpebowwthémode G3
receiving the frame fromthe client C3, the Ethernet

( Risse#etchp\W\eoi hbatt snaexpansiay H6rveaodbagi tee of ha
input frame, converts the frame into the VLAN Tagged
109efhépabiopRragraddressf ot nit addhhienaHy. imsexprd into
trangfers the resul&&gi frane to the node G3. qu node
G323 EERTG ¥ EReVEAY hFoRlg PRt RIS PFRUGR rEhe Rt
nOQZL then searches the input port table nenory

20 8ing a conbination of the input port 15 (D/L1)

fhot The e (e S 4 it SRS Rddndte SFe

that the n may expansion for
O\ FIAREAEOOE, AToAs USSR B0 S0P Jructure
Thf the node G4. The simplified node E4 differs from the
node G4 on the following four points: (1) not having the
memory duplicate information 3013, (2) not having the
MAC forwarding table memory 2043, (3) not having the
learning management program 302 and the timer 306, and
(4) not sending or receiving the learning frame.
A third operation example of the fourth
_embodiment will be described with reference to Fig. 52.

- In the tﬁird operation example, the input port
table memory on the node Gl is set up so that an
expansion forwarding tag of a destination tag address g3
is additionally inserted into a frame with VLAN0OOl that
is input through the port D/L2, while the input port
table memory on the node G3 is set up so that an
expansion forwarding tag of a destination tag address gl

is additionally inserted into a frame with VLAN0O001 that

is input through the port D/L1. Based on the foregoing,
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node G3 adds the expansion forwarding tag gl to the 20
franme and transfers to the node Gl the main signa

frame in the format of the E2#®rnet (R) franme 62C

with a forwarding tag and VLAN tag shown in Fig. 53.
The node Gl receives the frame sent fromthe node G3
through the uplink port. Since this frane is added an
25 expansi on forwardi ng tag addressed to the own node,
the pedeefidel bESthéc@LENSEgé NG DE PAAEESHet e HRRFDIY
2042. In . this search, the node Gl uses a VLAN val ue

of E6R@tnag {RY1lswikely.wWbhi ek thé2EtBetdet o(RYy switch W2,
downl i nk-side port set in the plural output port

i nfiorwhitcbnthet Etkexget t (R) nedibtclGlW: ebpamsnite a BPDU
expansion forwarding tag fromthe frane, converts the
f rénamenfort nee ULN\th'%dg‘éUlCE%Mr(hﬁta (*R;e% Yiarghe ispanning
format shown in Fig and transfers the resultant

fr*aﬁ%eter%ec%mrﬁ@lb% #%c%ﬁwwt% Cflf aWeE]?EPQﬂn 1w to
th de GL, the Ethernet (R) swtc ks th
VURRE | BERFTRAE f%mwf%erfé RERANTUE Rl Bl

. \?\nWIt LCCLXWN&Swaé%é{e?gd}ge Of?qandd}e ﬁgnbté)[a %l %g)ec'issumed

ion%/g% \S/XI% hég?r a%reﬁﬁt#ﬁ#&ﬁg% ‘#%ﬁ tp}(.%s ’{ rame RB)O frame 61

M OSHn | Th e fly. 23 AW 44 alsfer e tdwdaspd Jaiod ! IR is
the client C4 through the Untag port. 15 The cl'i ent

Hy eSE td ey $d 0 dmifd i £fivd Madesddmald ,9%6!‘6“@5 a
a dress c4 transferred fromthe Ethernet (R) switch

Wieshhin £t i @ntMXA ahsass this frame to an application

or anot her program because the
In this embodiment, taking the transfer of a BPDU

frame as an example, it is described that a frame having
‘a Universal Administrative MAC address can be exchanged
from the Ethernet (R) switch Wl to the Ethernet (R)
switch W2, or vice versa. However, this embodiment is
not limited to BPDU frames only, but can be applied to
any type of Universal Administrative MAC address having
a destination MAC address of 01-80-C2-00-00-0x (where x
is 1 to f) (hereinafter referred to as a BPDU address).
Before beginning to transmit frames, the node Gl
is configured so that an expansion forwarding tag of a
destination tag address-g3 is additionally inserted into
the frame with VLAN0OCl that is input through the port
D/L2. For this purpose, g3 is designated as expansion
forwarding tag information in the entry with port D/L2

and VLANQOOl in the input port table memory 2049. In
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destinati on MAC address matches the own MAC address

c4. 20 In this exanple, the frane is passed to the

PING program in the basic sof2hare, by which the

result of the PING conmmand is displayed. This

conpl etes the description of the exchange of franes

bet ween nodes and clients, in which the client C4 25
sends PING REQUEST to the client C3 and the client C3
serddlitaoh , PiiNGtREPhbYotdchhe thbkatmédoryi 1042, the D/L2
.configuration where the input port table nenory on

t h@or22isnedditionslipyt inpesbedhan theegppansgl oputput port
forwarding tag of a destination tag address g3 is

ad aﬁtfpawa%nyni geptadBed| apothef pakEY vivi Bh \WhAROYAL ¢ hat

o i e pori iz g L g pa,
O R e, TESLI e, 8 ASEE 1
node A kiBhaRlg LOBMLELA! OHES, R FPRle sl yrdiiopos
theRal (RS bl hESupRDC e SOOI D)L, PG IS plirpose,
noge {4 @@si&ﬁaé@&'@ﬂ?‘ﬂgé@é‘ior@%%réﬂﬁ%r@ég hﬁl’fcﬂﬂnatiqn

the nenory duplicate information 3013, (2) not having

then MHE EEIRreiflg peubt ep NENTING 2040 d@) DNPttH@viriht
the 15 | earni ng managenent program 302 and the tiner

3060orandabld ) medrs @i Ng ah wekditdiong tihe theabfioadcast

frame. A third operation exanple of the fourth

. chifoti meemmony | 2042, ddveDAled portth Isefatddbncieornadl I g.

52inserted into the plural output port information
contained in the entry with VLAN0O0O1.

Once the configuration described above is
completed, a spanning tree is set on the Tagged port of
the Ethernet (R) switch Wl. This causes a BPDU control
frame in the Ethernet (R) frame 61 format shown in Fig.
3, having the BPDU address as its destination MAC
address and wl, which is the MAC address of the Ethernet
(R) switch of W1, as its source MAC address, and having
ID0001 in the VtAN tag, to be transmitted from the
Tagged port of the Ethernet (R) switch W1.

The node Gl receives the frame sent from through

“the port D/L2, and searches the input port table memory
2049 using a combination of the input port D/L2 and the
VLAN ID0000 as a key. Since g3 is set as expansion |

forwarding information, the node Gl inserts the
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In the third operation exanple, the input port .20
table nenory on the node G is set up so.that an
expansi on forwardi ng tag of a2gfestination tag address
g3 is additionally inserted into a frame with
VLANOOO1 that is input through the port D/L2, while
the input port table nenory on the node G3 is set up
so that an 25 expansion forwarding tag of a
degkpBakbion Eagwaddingstgl g3 simesli théonptine | nedd teshrches
into a frame with VLANOOOL1 that is input through the
potheDthYy. fBagaddobabbe menmegpi 2@ 3 - 22 dat saqiws can cdutput
t he exchange of franmes between the Ethernet (R)
swpbth. WThendctdee T2 hevhiath (i) aswirtesh ff; thien twld @ddress
the Ethernet (R) switch WL transmts a BPDU frane for
us@3i nighfopueddangsbewa incBigi a3@ heanparhhgtise tframe,
protocol prescribed in | EEE802. 1D or | EEE802. 1IWt 0
t hénEFh%r E@%’m«m ofykhe nEvherpet | (Bh feame | ¢ Witsrbu
me in.the fourth enbodi nent is assuned be, i n
gom?ﬁ%%n%ftww%\gfg%% RASHB (7 THomeS b1 Lhown

parfég%feirfﬁﬁg P % R vt ve Bﬁcogddr“‘ééih et as

The'tranar er%#“%ﬁ%%‘iﬁgl%%h;fﬁgdﬁﬂ?%é G

desghvdeds (Rl dod £ AR 1Y MK aﬁi&ﬂl‘&é@rﬁ%m the BPDU

Adm ni strative MAC address can be exchanged 15 from

t hgadatds NBitd R 9 t&duMsd rdhe ddierfping B tudinidichg

W2, or vice versa. However, this enbodinent is not
| i £ dreesl (t'OO(BRmJ-éd-amBeommW' initccian damiid ) edThe purpose.

any type of Universal Adm nistrative MAC address
hawvi nghis conversion is:'to prevent the frame from being
processed as a Universal Administrative MAC address by a
relay node.
The node G3 receives the frame sent from the node
Gl through the uplink port. Since this frame is added an
expansion forwarding tag addressed to the own node, the
node G3 first searches the broadcast table memory 2042.
In this search, the node G3 uses a VLAN value of 0001 as
a key. Since D/L1 is the only downlink-side port set in
the plural output port information retrieved, the node
G3 rembves the expansion forwarding tag from the frame
-and transfers the resultant frame to the port D/L1.
Before transmitting the frame, the node Gl
converts the destination MAC address from a MAC address
‘-for identifying a tunneling frame (*00-00-4c-00-00-10"

in this example) into the BPDU address. By this




10

15

20

25

t hat
ol Spgrgss; BRGeuES

a destination MAC address of 01-80-C2-00-00-Ox (where
Xx 20is 1 to f) (.hereinafter referred to as a BPDU
address). Before beginning t@26ransmit franmes, the
node Gl is configured so that an expansi on forwarding
tag of a destination tag address g3 is additionally
inserted into the frane with VLANOOOl that is input
through the port 25 D/L2. For this purpose, g3 is

desiogvetredoas exphBebABs HEEVALUENEoagubBEQnaRL! ORitdhes
the entry with port DL2 and VLANOOO1l in the input
potto hahkdemeher ¥rafd9asl & nd2daddPPbuoBontfol hErame.
broadcast table nenory 2042, the D)L2 port is
addi ti onal Oy reseivingi hhé hfraherfitonutipeitngde tG3, the
information contained in the entry with VLANOOOL.
ThE&fherretn6Bé eBitshcWaf chackd thetVWbANaRD Sofxpamsinput
forwarding tag of a destination tag address gl is
addFrem8nal The ?ﬁi‘é@ﬁ%t i (R gl éﬂ%e thiarh enaRNGEEL the MAC
i 'S i nput through the,gort D)Ll . For this purpose,
LRpEANSTOR RaF WReeR ngeRbtgured to

T
i . 2042 L1 '
o T BT ye, hab PR Er RO Futy Sodt i pegefed Serame

| NHhRE NRLEBHY &&&‘Eééé‘%féh&ﬁ‘f%% ;%xé{i{&ﬁbé%@l\,p% thus

Once the configuration destcr ove 1S

COpPaRs B6lrs AP AamE {6 Ond Ssifiin Yy theed JAARD RN t
of the Ethernet (R) switch . Thi s causes a BPDU

caniinming fémnEhé NE4eridherroetswided nane 61 f or mat

shown in Fig. 3, having the BPDU address as its

desti nati dthidMACompletes the description that a frame
having a Universal Administrative MAC address can be
transferred from the Ethernet (R) switch W1 to the
Ethernet (R) switch W2. This embodiment allows the
transfer of a frame having a Universal Administrative
MAC address in the opposite direction to the above-
described example, i.e., from the Ethernet (R) switch Wl
to the Ethernet (R) switch W2.

From the foregoing, it will be appreciated that
this embodiment can realize the transparent transfer
(tunneling) of a Universal Administrative MAC address,
which has not been possible in prior arts.

The node G4 in this operation example can be
replaced with a node E4 which has a simplified structure

of the node G4. The simplified node E4 differs from the

node G4 on the following four points: (1) not having the
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address and wi, which is the MAC address of the
Ethernet 20 (R) switch of W, as its source MAC
address, and having 1D0001 i-m2the VLAN tag, to be
transmtted fromthe Tagged port of the Ethernet (R
switch W. The node Gl receives the frame sent from
through the port D/L2, and searches the input port
tabl e nenory 25 2049 using a conbi nation of the input

POlenPirly2 qapd ithee YhAN-R:988038%332 key. n&nﬁﬁvgﬁa £he

set as expansion forwarding i nformafion, the node

| ngACt Sorhard2adg expassmemot¢r pandi ng3y agog3hatingt bRe
frame, and searches the tag forward table nenory 2043

t o léetredngnmaangeneptt prpgrem Jh2 andetld, tiheéch306, aand
tree for the tag address g3, is formed as shown in

Fi §4)380tamdntdhng therérehving thet heafninut fnémehe

Et hernet (R) frame 62C with a forwarding tag and VLAN
fag shown TheFREEests of the afenerh cembodimentn ol igiow be
Before transmtting the frame, the node G converts

t h8e8EEEPRdt i on MAC address fromthe BPDU 10 address

758 5 Ry AT e WAg L
or AL S ERY S lP L PoR R e T e Sarets Ty
s e R L e S e R R

A A A LR S R R

br @estetsdt 1 6b | 1eacres@d Yo £H42.

The fourth embodiment can considerably simplify
the configurafion process even when the learning process
described in the second and third embodiments is not
used, because items that require configuration are
reduced from MAC addresses, which are addresses on the
terminal level, to only two, i.e., a VLAN, which is an
ID representing a network having plural terminals, and
an input port to which the plural terminals are
connected via Ethernet (R) switches, by providing an
input port table in which to previously set expansion .

forwarding tag information for use with a frame that

matches the pre-set input port and input VLAN tag ID.

As described above, the following effects can be
achieved by the present invention.

First, the network congestion can be remedied, .
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In this search, the node G3 uses a VLAN val ue of 0001

as 20 a key. Since DL1 is the only downlink-side port
set in the plural output port2g8nformation retrieved,
the node G3 renoves the expansion forwarding tag from
the frame and transfers the resultant frane to the

port D/L1. Before transmtting the frame, the node G

25 converts the destination MAC address froma MAC
addnds shef banoweathf MEABiaitynoghi PE {mphved.
("00-00-4c-00--00-10 in this exanple) 1nto the BPDU
address. Bytthssbe@@sepneessi DO, thé denanesrioskifiler is
for subsequent switches to handle the frame as a
nofdatnPBlecbaerningr pmecess caunchei opetdeed rbyesénading
the node G3, the Ethernet (R) switch W2 checks the
ULERe| bearning frpne threughahbe makh RpRestte (W) the path
swi,tch W2_then exam nes the MAC address because this
swiBcHihgh bhemabnfsiunrady fvanehlpwsa tagged frane

AT N T e
adgag 8 égﬁ%gh?éﬁéﬁ?ﬁéﬁm nation, and thus 10

transéers he™ f he spanning tree protoco

runni ng onpd he, %{tga{d@ (e %%mﬁ%ﬂ%(ﬁl GAR RH8%ed in

the description't a franme ving a versal™
Adph @i BhaAhiNE MAm&address can be transferred from
the Ethernet {R) swtch W to the 15 Ethernet (R
switch W2. This enbodi nent allows the transfer of a
frame having a Universal Admi nistrative MAC address

in the opposite direction to the above descri bed

exanple, i.e., fromthe Ethernet (R switch W
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to the Ethernet (R) switch W2. 20 From the foregoing,
it wll be appreciated that this enbodi nent can
realize the transparent transggg- (tunneling) of a
Uni versal Adm nistrative MAC address, which has not
been possible in prior arts. The node 4 in this

~operation exanple can be 25 replaced with a node E4

which has a sinplified structure of the.node G4. The

si npl kheed19ode: E4 differs fromthe node 4 on the
followi ng four points: (1) not having the -227 5

menory duplicate information 3013, (2) not having the
MAC forwardi ng table nmenory 2043, (3) not having the

| edrni ng Managenerkt syogrmniidad2 artwdirk thawimg’ e, ursald
(4) not sending or receiving the |earning frame. The
ef hedes ofnnéeté¢durvherebodi nent will now be

descri bed. Conventionally, when a frame having a tag

i ndi cat i ngd NS thekANBINIelz0 t9alh MEtwark itragsmit a
necessary to previously set. on each naode an expansi on
10l¢aFnt SrhERTR REX LTI be Wi Padt MRIIY 1D thehat
destination MAC address he fourth enbodi nent can
cohdi WAt B FEgPat ?ﬁﬁﬁ#iﬁﬂ%ﬂj on process even
when the | earning process described in the second and
third. enbodi nents is not 15 used, because itens that

reguire c ' ' f VA s es,
Wbh aor o The AL ighonl BRIGRE PRl RAGHER S
t Whete®, @ VLAN, which is an

said node
learns a forwarding tag to be added according to

said learning frame.

3. A network system for a network having plural
_ nbdes connected, wherein

a node belonging to said network is provided
with:

a learning frame management unit which refers to
a-MAC SA table cache to determine whether a learning
frame transmission request is made or not, and

a MAC SA table cache which stores a source MAC
address (MAC SA) which has made a learning frame

transmission request.

4. The network system as set forth in claim 3,

wherein
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I D representing a network having plural term nals, and
an input port to which the plural termnals are 20
connected via Ethernet (R) swi230hes, by providing an

i nput port table in which to previously set expansion
forwarding tag information for use with a frane that
mat ches the pre-set input port and input VLAN tag ID.
25 As described above, the followi ng effects can be

achi eved bygatilenpaesenrei p¥eGihea. wEkhst, the network
congestion can be renedi ed, -228 .and the bandw dth

usability aanabénpnmpequesdt hbcéﬁtbﬁ@éuﬁﬁlteWEﬁchfa§@§ of
asymmetrical flowis flown, the |earning process can

be seper #AE€d SBy tabidi ngcheheahdarning frame through the
path opposite to the path 5 in which the main signa
frane fl ows. teapsmiisside requesy oititehich weaksgat ag
to_be added can be automated. It is because, the tag

i nleAFRLNGn framensranewisAionhseneashi kg ar6hB: 10

-229 In the, dainms: 1. A network systemfor a network
havi ng plural nodes connected, wherein a node

b [ k, t t f
pertodi cu e t%egwca%ﬁ@%mré?‘e”%r%%t R GELR REE 2
nakﬁe§ggﬂal frame fl ows.

saild nodes

have a learning management program which conducts

a learning frame process.

6. A network system for a network having plural
nodes connected, wherein

a node belonging to said network is provided with
a learning management program which conducts a learning

frame process.

7. The network system as set forth in any one of
claims 3 to 6, wherein

said node

has an equipment control program which conducts a

variety of configuration.

8. The network system as set forth in any one of
claims 3 to 7, wherein

said node
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2. The network systemas set forth in claim1l, 10
wherein said node |learns a forwarding tag to be added
according to said learning frame. 15 3. A network
system for a network having plural nodes connected,
wherein a node belonging to said network is provided
with: a learning frane nmanagenent unit which refers to
20 aMAC SA tabl e cache to determ ne whether a | earning

frame tranggi peoONde80wesh AS£PRAE EYp80jud@iehe MNML which
SA tabl e cachg whi ch stores a sourcngM(§ address (MAC

SA)judlgesh ahadnpade feaalmear ni ng frane transm ssion
request. 25 4.. The network systemas set forth in
claim3, wherein -230 said nodes are provided with: an
agi ng request acceptance unit which ages of said MAC
SA%-abl e cBbtenebtwdrk sysbemi asi oet r Eopidstinrany whie hof
makes a 5 learning frame transm ssion request to a
crglagmsTRetReBwovRes9iRem as set forth in claim 4,

wherein 10 15 . . . .
a node belonging to said network is provided

with:

an aging control unit which ages an entry to be
aged, and

an aging management table which stores an entry

to be aged.

10. The network system as set forth in any one of
claims 3 to 9, wherein

said node is provided with

a MAC forwarding table memory which stores an
output port for a destination MAC address (MAC DA) and

tag operations.

11. The network system as set forth in any one of
‘claims 3 to 10, wherein

said node is provided with

a broadcast table memory'which stores an output.

destination port at the time of broadcasting to a tag.

12, The network system as set forth in any one of

claims 3 to 11, wherein
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sai d nodes have a | earning managenent program which
conducts a learning frame process. 6. A network
system for a network having plzegal nodes connect ed,
wherein a node belonging to said network is provided
with a |earning managenent program which conducts a

| earning frane process. .7. The network system as set
forth in any one of 20 clains 3 to 6, wherein said

node has apaeqUhHABNLs CHRGY PHe@RHERM Whi ch conducts a
variety of configuration. 25 8. The network system as

set forth antagytorwapdiingl 8aPbe Snémory wiislei sketddl an
node -231 is provided with a frame type judgnent unit
whoulkpuitugges &ori apfibrivaadeng9tadhe network system as
set forth in any one of 5 clains 3 to 8, wherein a
node belonging to said network is provided with: 10 15
an_aging control unit which ages an entry to be aged,
and3an agi Bee netiieRenIY3tem aswseh Snesimmmntgne of

claims 3 to 12, wherein
said node is provided with
a table, an aging circuit and a forwarding table

- having a table read/write circuit.

14. The network system as set forth in any one of
claims 3 to 13, wherein

said node is provided with

a TAG address management table which stores an
address of a forwarding tag on a MAC forwarding table

memory.

15. A network system for a network having plural
nodes connected, wherein

a node belonging to said network

also applies a learning function of Ethernet to a

flow which flows asymmetrically.

16. ~ A learning bridge node for a network having
plural nodes connected, wherein
2 learning frame is transmitted periodically to a

path opposite to a path in which a main sighal frame
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to be aged. 10. The network systemas set forth in any
one of clains 3 to 9, wherein said node is provided
with a MAC forwardi ng table neapry which stores an

output port for a destination MAC address (MAC DA) and
tag operations. 20 11. The network systemas set forth
in any one of 25 clains 3 to 10, wherein said node is
provided with a broadcast table nmenory which stores an
OUtFpUtys .destination port at the tine of broadcasting

to a tag. 12. The network systemas set forth in any

one of clains 3 to 11, wherein -232 said node is
provided with a tag forwardi ng table nmenory which

st d7es an That begrping Buoidge frovd@ral nget afprith 1ih citeim 16,
network systemas set forth in any one of clains 3 to
12wh@reiBin said node is provided with a table, an

aging circuit and a forwarding table having a table
read/ writ e@ cferwa¥ding tag ﬂmg)mea%ﬁi i sheanned Lt said
foith N an¥ one of clainms 3 to 13, wherein said node
is

PRV E8 ot W R

-18. A learning bridge node of a network having plural
nodes connected, comprisings:

a learning frame management unit which refers to
a MAC SA table cache to determine whether a learning
frame transmission request is made or not, and

a MAC SA table cache which stores a source MAC
address (MAC SA) which has made a learning frame

transmission request.

19. The learning bridge node as set forth in claim 18,
comprising:

an aging request acceptance unit which ages a MAC
SA table cache, and

a transmission request unit which makes a

learning frame transmission request to a CPU.

20. The learning bridge node as set forth in claim 19,
comprising
a learning management program which performs

learning frame processing.
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a TAG address managenent table which-stores an 15
address of a forwarding tag on a MAC forwarding table
menory. . 20 15. A network sy$Bém for a network having
plural nodes connected, wherein a node belonging to
said network also applies a |earning function of
Ethernet to a flow which flows asymmetrically. 16. A
| earni ng bridge node for a network having 25 plura
nodes connected, wherein a learning frame is
transmtted periodically to a path opposite to a path
i n2dhi ch aAnEEﬁrsigﬁabr¥d9@9n0®83f¢rI@mnetﬁdrk1hﬁying
| earni ng bridge node as set forth in claim16, wherein
5 RL P6ﬁiaﬂ&ﬂﬁ§ fapneeted, age@BErisingar ned by said
learning frape. 18. A |l earning bridge node of a
netvvork ha®i AG2PRHIG MaRRIRReRE peRd el Wbkl iR§THPI™D
ar.ni.n enment unit which refers to a

gﬁpfgglgregﬁhgrnag%%f%gnine whet her a | ear ni ng

frane transm ssion request is made or not, and a MAC
SA tabl e cache which stores a source MAC address (MAC

2t 0 e 10 MO AT e AUy e
clefi18ims 18 to 21, comprising

an equipment control program which makes a

variety of configuration.

23, The learning bridge node as set forth in any one
of claims 18 to 22, comprising
a frame type judgment unit which judges an input

frame.

24. The learning bridge node as set forth in any one
of claims 18 to 23, comprising:

an aging control unit which ages an entry to be
aged, and

an aging management table which stores an entry

to be aged.

- 25. The learning bridge node as set forth in any one
of claims 18 to 24, comprising
a MAC forwarding table memory which stores an

output port for a destination MAC address (MAC DA) and
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conprising: an aging request acceptance unit which
ages a MAC 20 SA table cache, and a transm ssion
request unit which makes a |I'@8bning frane

transm ssion request to a CPU. 20. The |earning bridge
node as set forth in claim19, 25 conprising a

| ear ni ng managenent program which perforns |earning
frame processing. -234 21. A learning bridge node for
a rragvererediiong. pl ural nodes connected, conpri sing

a | earni ng managenent program which perfornms 5

| earning franme processing. 22. The |learning bridge
node as set _forth in ang one of clains 18 to 21,
co%ﬁri si ngThBR LEAFPLRAt PEERAGE OROGE 0BF aFE W@t hmkesany one

ariety of _confj uratlon 23. The learning bridge
gda %é? ﬁﬁrg ' 'aHVmBﬁéSlBQ cl ai ms 18 to 22
co risin nent _uni.t a
X nSEt R e e A T s

{Ohblch aR04n0per O CLALTBLAE b2 ggoaaggp%mg 0 2ag.

agli ng contro ages an en
and an agi ng nmanagemnent table whi ch stores an entry

to be aged.
27. The learning bridge node as set forth in any one

of claims 18 to 26, comprising
a tag forwarding table memory which stores an

output port for a forwarding tag.

28. The learning bridge node as set forth in any one
of claims 18 to 27, comprising
a forwarding table having a table, an aging

circuit and a table read/write circuit.

29. The learning bridge node as set forth in any one
of claims 18 to 28, comprising

a TAG address management table which stores an
address of a forwarding tag on a MAC forwarding table

memory.

30. A learning bridge node for a network having
plural nodes connected, wherein
a learning function of Ethernet is applied to a

flow which asymmetrically flows.
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25. The learning bridge node as set forth in any one
25 of claims 18 to 24, conprising a MAC forwardi ng
tabl e menory which stores an-2ggtput port for a
destination MAC address (MAC DA).and - 235 5 10 tag
operations. 26. The learning bridge node as set forth
in any one of clains 18 to 25, conprising a broadcast
tabl e nenory which stores an output .destination port
at the tine of broadcasting to a tag. 27. The | earning
bri dge node as set forth in any one of clains 18 to
26,31conpri ai hgagning metneddoPgat AGtRoRRNBAYiNGI fhural
stores an output port for a forwarding tag. 28. The

| eamodiesg connegéedodehazednat forth in any one of
clainms 18 to 27, conprising 15 a forwarding table
havi ng a tabhedeaheighggngctocsdidametworkhbtransmits a
read/wite circuit. 29. The |earning bridge node as
setlepsRingi framp pesiodicalivntol8 pathkgoppesptestagthat
20 .a TAG address managenent table which stores an
addPe¥Bi6P § PiflaPdPRglt 552BR ELR¥E: forwardi ng tabl e
menory. 30. A learning bridge node for a network
having 25 plural nodes connected, wherein a |earning

fu_gﬁt.i on o'{'hgtfgé{]r?}.ng';smgi&%é eags t&e@ forth in claim 31,
wherein
said node
learns a forwarding tag to be added according to

said learning frame.

33. A learning method of a network having plural
nodes connected, wherein

a node belonging to said network:

refers to a MAC SA table cache to judge whether
or not a learning frame transmission request is made,
and

stores a source MAC address (MAC SA) which has

- made a learning frame transmission request in said MAC

SA table cache.

34. The learning method as set forth in claim 33,
wherein
said node

performs aging of said MAC SA table cache and.
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flow which asymetrically flows. -236 31. A |learning
met hod of a network having plural nodes connected,
wherei n a node bel onging to sad-network transmts a 5
| earning frame periodically to a path opposite to that
in which a main signal frame flows. 32. The | earning
met hod as set forth in claim31, 10 wherein said node
| earns a forwarding tag to be added according to said

| earning fhares 83Ledyhdd NfrdmeethogsHfsai etvdilest to a
havi ng plural 15 nodes connected, wherein a node

belpugi ng to said network; refers to a MAC SA table
cache to judge whether or not a |learning frane

transm ssion request is made, and 20 stores a source
MAC address (MAC SA) which has nmade a |earning frame
trdhsm ssiBhe r bepresing methed MY seA fatle nchkaigf4,
The | earning nethod as set forth in claim33., 25 .
whBR@F@iBai d node performs aging of said MAC SA table

cache and -2%; . . .
sald node is provided with

a learning management program which performs

learning frame processing.

36. A learning method for a network having plural
nodes connected, wherein
a node belonging to said network is provided'with
a learning management program which performs

learning frame processing.

37. The learning method as set forth in any one of
claims 33 to 36, wherein

said node is provided with

an equipment control program which makes a

variety of configuration.

38. The learning method as set forth in any one of

claims 33 to 37, wherein

said node discriminates an input frame.

39. The learning method as set forth in any one of

claims 33 to 38, wherein
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makes a learning frame transm ssion request to a CPU
35. The learning nethod as set forth in claim34, 5
wherein said node is provided2a8th a | earning
managenent program which perfornms |earning franme
processing. 10 36. A learning nmethod for a network
havi ng plural nodes connected, wherein a node

bel onging to said network is provided with a |earning
managenent apnodeabebbnghngetbosakd hedtwarkg frane
processing. 15 37. The learning nethod as set forth in
any one of pexfarms 88ing G£, anhentiyn taille nagedi and
provi ded with an equi pnent control program which nmakes
a 20 vari8E9ref dBneRBLYatPobe dged The 4rargimg management

neghgg as set forth in any one of clains 33 to 37,
wh&P8i-fi*sai d node discrimnate$ an input frame. 25 309.

The I earning nmethod as set forth in any one of clains
33 to 38, wherein -238 a node bel onging to.said

neyer K OB 1B A0 B0 U od SBRASES B one o
claims 33 to 39, wherein
said node
stores an output port for a destination MAC
address (MAC DA) and a tag operation in a MAC forwarding

table memory.

41. The learning method as set forth in any one of
claims 33 to 40, wherein

said node

stores an output destination port at the time of

broadcasting to a tag in a broadcast table memory.

42, The learning method as set forth in any one of
claims 33 to 41, wherein

said node

stores an output port for a forwarding tag in a

tag forwarding table memory.

43. The learning method as set forth in any one of
¢laims 33 to 42, wherein

said node is provided with
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table. 40. The learning nethod as set forth in any one
of clains 33 to 39, wherein said node stores an

out put port for a destination2BfC 10 address (MAC DA)
and a tag operation in a MAC forwarding table nmenory.
15 41. The learning nethod as set forth in any one of
clains 33 to 40, wherein said node stores an out put
destination port at the time of broadcasting to a tag

in a broadgasériaphenger®bYe Havidheal€as1d Noaieidoey
as set forth in any one of 20 clains 33 to 41,

whedecnisaafidnadeabler esadpwoit@ueipenitfor a

forwarding tag in a tag forwarding table nenory. 25

43. The learning nethod as set forth in any one of
claims 33 to 42, wherein said node is provided wth
-249.a f orWae dlegrnr iy endilvodas sebl Born fyiany one of
circuit and a table read/wite circuit. 44. The

| eSLALRE ABt hOd43s WeeredRth in any one of clains 33
to 43, wherejn said node stores an address of a

f or war di ngP34g e MAC

stores an addregs of a forwarding taqg on a MAC
fofwarding table memory in a TAG address management

table.

45. A learning method for a network having plural
nodes connected, wherein

a node belonging to said network also applies a
learning function of Ethernet to a flow which flows

asymmetrically.

46. A network system for a network having plural
nodes connected, wherein a node belonging to said
network transmits a frame after adding a source tag to

the frame.

47. The network system as set forth in claim 46,
wherein said node learns a forwarding tag to be added

according to said frame with a source tag.

48. The network system as set forth in either one of

claim 46 or 47, wherein said node refers to an aging
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forwarding table nenory in a TAG address managenent
table. 10 45. A learning nethod for a network having
plural nodes connected, where4o-a node bel onging to
said network also applies a |earning function of

Et hernet to a flow which flows 15 asymetrically. 46.

A network system for a network having plural nodes
connected, wherein a node belonging to said network

tr aRdsRigemeat! tabReatbeletddnideawhOUREL £8Jall@ a280hib€e
frame. 47. The network systemas set forth in claim

46 tagwber ai fogaagddnagethgarns a forwarding tag to be
added according to said frame with a source tag. 25
48. The network systemas set forth in either one of
claim46 or 47, wherein said node refers to an aging

- 248 .managhneetvonb| sy stemefer nd neetwethehavingdeleral
source tag or a forwarding tag. 49. A network system

f oRCdefieERBARCKEG I nYhprainl @ Redesbebongtrgdtowheidi n

a node bﬁlgngin ,to said netwrk determ nes a

f oPREFEFRgIEREgT o6 AdfeEWaRding tagste e addedopr the

t hy ough [ the fr s input. 50. net wor k, system
t oPSYER B0 Fhe L BGFh T ondh WRECR ot FefifecheatiRiat !
wherein a node belonging to said network determ nes a
forwarding tag to be added on the

50. A network system for a network having plural
nodes connected, wherein a node belonging to said
network determines a forwarding tag to be added on the

basis of the VLAN tag added to an input frame.

51. The network system as set forth in either one of

claim 49 or 50, wherein said node determines a
forwarding tag to be added on the basis of both said

input port and said VLAN tag.

52. The network system as set forth in any one of

claims 49 to 51, wherein said node outputs a MAC address

resulting from converting an input MAC address.

53. The network system as set forth in claim 52, .
wherein said input MAC address is a Universal
Administrative MAC address and said output MAC address

is a MAC address for identifying a tunneling frame.
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basis of the VLAN tag added to an input frame. 51. The
network systemas set forth in either one of 15 claim
49 or 50, wherein said node degerm nes a forwarding
tag to be added on the basis of both said input port
and said VLAN tag. 52. The network systemas set forth
in any one of 20 clains 49 to 51, wherein said node
outputs a MAC address resulting from converting an

i Ny, MAC addr 888wopR- syHEeMCAYOE&L SYSEEM B3 S8 k¥ L
in claim52,. wherein said nput MAC address is a
Unicigisal 32%0Addl, NiyakralihVeaMAChoddr esspapdigéddwith a
out put MAC address is a MAC address for identifying a
t urabllenpahagslent2d4hibdwhibe nefgpsktsyst eabbs tet
forth in any one of clainms 3 to 14, wherein said node
i sdptevinded whehtgpet abl tagahageeeatddadit which refers
to a table to deternmine the type of tag to be added. 5
55. The network systemas set forth in any one of
claims 3 to 14 and cl aim 54, wherein_said node is

pr89rded wWrhh BREYOPKtSYHUEen 13| tehefRrih i i iR PR of
i nput | d i VL hed, 10
aobLeibRcs: A8 18pandlaiis B ponanes Soid Mof i k
temf . pet wor k_havi | d t ed,
WHBFEY RIS PERE ARi SR E e betolets MEIPEY phcdii e an
Pffﬂ%ﬁ@;i%&ﬁhaﬂds Hffr?%%é%ﬂé e J0SrORLYCES SYStem
r In C )

as s aim
determine the type of tag to be added.

56. A network system for a network having plural
nodes connected, wherein a frame which flows between

said nodes is provided with a source tag.
57. . The network system as set forth in claim 56,
wherein said frame is provided with a MAC address for

identifying a tunneling frame.

58. A learning bridge node for a network having

plural nodes connected, wherein a node belonging to said

network transmits a frame after adding a source tag to

the frame.

59. The learning bridge node as set forth in claim 46,

wherein said node learns a forwarding tag to be added

according to said frame with a source tag.
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wherein said frame is provided with a MAC address for
identifying a tunneling frane. 20 58. A | earning

bri dge node for a network havigag- plural nodes
connected, wherein a node belonging to said network
transmts a frane after adding a source tag to the
frame. 25 59. The learning bridge node as set forth in
claim46, wherein said node |earns a forwarding tag
to be added according to said frame with a source
tag. -242 60. The learning bridge node as set forth in

ei eloer  onghef 16h2hMh46bPidde, nvber £s Nsé@i forElein either
refers to an agi ng nanagenent table to determ ne

whenkebft alada 46508047 cewhagenn aaidrnaddi ngféag. t6lan
A learning bridge node for a network having plural
nodgéngonaseyenenthtnble tonddtebminagwhgtherstodadd a
network determnes a forwarding tag to be added on the
10spusre 6f9t A pofervardind wABeh the frame is input.
62. A learning bridge node for a network having

plural nodes connected, wherein a node belonging to

S B SRR sl AL, 58500,
el RO BT Bl o s
TR s o

'eﬁé@i@goPrtHQQp8PQetﬁ§o§&E %ﬁ&éﬁ tﬁeaﬂﬂmﬁgelsoinput.

clains 49 to 51, wherein Said node outputs a

62. A learning bridge node for a network having
plural nodes connected, wherein a node belonging to said
network determines a forwarding tag to be added on the

basis of the VLAN tag added to an input frame.

63. The learning bridge node as set forth in either
one of claim 49 or 50, wherein said node determines a
forwarding tag to be added on the basis of both said

input port and said VLAN tag.

64. The learning bridge node as set forth in any omne
of claims 49 to 51, wherein said node outputs a MAC

address resulting from converting an input MAC address.

65. The learning bridge node as set forth in claim 52,

wherein said input MAC address is a Universal




10

15

20

25

address resulting fromconverting an input MAC _
address. 25 65. The learning bridge node as set forth

in claim52, wherein said inpagt3 MAC address is a

Uni versal -243 Administrative MAC address and said

out put MAC address is a MAC address for identifying a
tunneling frame. 66. The | earning bridge node as set
forth in any one 5 of clainms 3 to 14, wherein said
nogdemii 61BERY LS MAEhaddrédb! gndBoaNE B pWH | iadhiddiress
refers to a table to determne the type of tag to be
adilgda HXC db@résear fbngi@ehdyLy iNgea abumedl 1196 t firde.

any one 10 of clainms 3 to 14 and clai m54, wherein

said node is provided with an input port table nenory

in which an input port and an input VLAN are searched
fobbto deflke ewrning thypdgd nede tas wetaddutth 1 681y one
A learning bridge node for a network having plural |
noB€sctaimecd et0 Wherdherein raaid wedn is dweovidedwerth a
said nodes is provided with a source tag. 69._ The

g
IeﬁﬁhiﬁgmﬁP?@@@e%Bd%n%% wich orefers &9 4 hafsle &
wherein said frame is provided with C address for
TP TG it R 1o TArES B, 98ednrnng met hod
for a network having plural nodes connected, wherein
a node belonging to said 25 network transmts a frane

af ! addiﬂﬂelai i tl:?&é JJ&% T2 fot4n’in B§ one

| earni ng metho aslgg ortg%incalm ét ‘
of claims 3 to 14 and claim 54, wherein said node is
provided with an input port table memory in which an

input port and an input VLAN are searched for to

determine the type of tag to be added.

68. A learning bridge node for a network having
plural nodes connected, wherein a frame which flows

between said nodes is provided with a source tag.

69. The learning bridge node as set forth in c¢laim 56,

wherein said frame is provided with a MAC address for

identifying a tunneling frame.

70. A learning method for a network having plural
. nodes connected, wherein a node belonging to said
network transmits a frame after adding a source tag to

the frame.
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wherein said node learns a forwarding tag to be added
according to said frame with a source tag. 5 72. The
| earni ng nethod as set forth-i2adeither one of claim
46 or 47, wherein said node refers to an agi ng
managenent table to determ ne whether to add a source
tag or a forwarding tag. 10 73. A learning nethod for
a network having plural nodes connected, wherein a

noda .bel ongh8gléarfahg mEChIQr &s ISLEM FOAEE Bn claim 46,
forwarding tag to be added on the basis of the port

t hwbegkinhsalidt hedér asarhs anpotwat8irdd. tagl earne nadded
net hod for a network having plural nodes connected,
wherepndangotie belidnfraget withi d soetreerkadet erni nes a
forwarding tag to be added on the basis of the VLAN
tag added to an input frame. 20 75. The | earning
net hod as set forth in either one of claim49 or 50,
whéfein safFlae nbaRTHERE IFHRRd S Yk o Yy imeihese one of
added s of both said input _port and said
VLﬁiFf"ﬁg 32 ReTre L3 fRHY %@%oﬁeﬁgréeﬁof%?mgmg
an 0, 51 mherel no out put s
¥atidsfte slcg#géﬁ?.%atﬁ%% LihER Faraad £ e

ad SSr &2 rning nmethod as set forth in
clg%ﬁwéi ﬁﬁegéfﬁlsg %ggnput MAC address is a

Uni versal Administrative MAC address and sai d out put
MAC address 5 is a MAC address for identifying a

tuppel i ng A red@eniffy mdedE gy Y dEbkk asavwiad f;ardﬂhl
in any one of <clains 3 to 14, wherein said node

provdee dconndced, wherein a node belonging to sald

| network determines a forwarding tag to be added on the

basis of the port through which the frame is input.

74. A learning method for a network having plural
.nodes connected, wherein a node belonging to said
network determines a forwarding tag to be added on the

basis of the VLAN tag added to an input frame.

75. The learning method as set forth in either one of
claim 49 or 50, wherein said node determines a
forwarding tag to be added on the basis of both said

input port and said VLAN tag.

76. The learning method as set forth in any one of
claims 49 to 51, wherein said node outputs a MAC address

resulting from converting an input MAC address.
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tabl e managenent unit which refers to a table to 10
determ ne the type of tag to be added. 79. The

| earning method as set forth i,n-any one of clains 3
to 14 and claimb54, wherein said node is provided
with an input port.table nmenory in which an 15 i nput
port and an input VLAN are searched for to determ ne
the type of tag to be added. 80. A |earning nethod for
a network having plural nodes connected, wherein a
frame which flows between 20 said nodes is provided

SR e SIS BCTESOOR 5 PELyn o2
‘é\ﬂsb'ﬂeéey%csﬁﬁﬂr ¢apubOfiac! 88LEEY 9 3 HHDPELLRY frame.

‘Administrative MAC address and said output MAC address

is a MAC address for identifying a tunneling frame.

78. The learning method as set forth in any one of
claims 3 to 14, wherein said node is provided with a
table management unit which refers to a table to

determine the type of tag to be added.

79. The learning method as set forfh in any one of
claims 3 to 14 and claim 54, wherein said node is
provided with an input port table memory in which an
input port and an input VLAN are searched for to

determine the type of tag to be added.

80. A learning method for a network having plural
nodes connected, wherein a frame which flows between

said nodes is provided with a source tag.

81. The learning method as set forth in claim 56,
wherein said frame is provided with a MAC address for

identifying'a tunneling frame.




