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-1 DESCRI PTI ON NETWORK SYSTEM SPANNI NG TREE

CONFI GURATI ON METHOD AND CONFI GURATI ON PROGRAM  AND
SPANNI NG TREE CONFI GURATI ON-NODE 5 BACKGROUNDS COF THE
I'NVENTI N "Field of the Invention The present
invention relates to a spanning tree system and nore
particularly to a spanning tree system a 10 spanning
tree configuration node, a spanning tree configuration
nmet hod, and its program cBB&OGREPBIONoONnecting the
trees without causing a |oop of path, in dividing a
spanning tree into domains. Description of the Rel ated

Art 15 Hitherto, this kind of spanning tree is.used to
or NETRORK, S¥ST8Ha PBAPNING, TREFnFARESGERAEION CUETHAR AND

oo SRk BRI oo

network. As the conventional techni que about the

spanning tree, .20 there exist the follow ng
exanpl es. For ex RO HFARENT S
(article 1) issue y e . LI ] EEE

St enelpg do £ 80Re 1EhédiEon St d 802. 1D), 1998", when a
loop (ring) exists in a network, in order to prevent

from dat a Ti9psre ferO TN RN At Xl d AP SR Eree

tree is defined (hereinafter, referred to as the
argystan,l)and mots partdichddrilye teoat sphnhDhgr #Péé Wystem, a
called as the Bridge Protocol Data Unit (BPDU) is
exa@ranmyony beteweronfiguration node, a spanning tree
configuration method, and its program capable of connecting
the trees without causing a loop of path, in dividing a
- spanning tree into domains.
Description of the Related Art
| Hitherto, this kind of spanning tree is used to
prevent from data loops, by forming such a tree link as
assuming that a loop does not exist logically even in the
case where a loop ring physically exists in a network.

As the conventional technique about the spanning tree,
there exist the following examples.

For example, in the standard documents (article 1)
issued by the IEEE, titled as "IEEE * Standard - 802.1D (IEEE
S5td 802.1D), 1998", when a loop (ring) exists in a network,
in order to prevent from data loops, a control method called
a spanning tree is defined (hereinafter, referred to as the

article 1), in which method the control information called

as the Bridge Protocol Data Unit (BPDU) is exchanged between




10

15

20

25

-2 nodes, and one portion of the physical |oop network .
is disabled, hence to formthe | ogical tree topology.
Further, in the standard doecg#ents (article 2) issued

by the I EEE, titled as "IEEE Standard* 802. 1W (| EEE

Std 5 802.1W, 2001", a control nethod called a

hi gh- speed spanning tree is defined (hereinafter,
referred to as the article 2), in which the tree
comPidgsraeidnone phetionvefit tbeaphyettaiqlieoplneswork is
speeded up by expanding the exchange nethod of the
coﬁﬂﬁableﬂmféeﬁﬁﬁuéﬁ fanw tbeth@glcaldér@artpn@hoqﬁn

be set pronpt g 10 .at an occurrence of a failure
pr evi ousl yFeEtReR iprghe aéﬁaéﬁreaicrcurrnqﬂetqoaﬁém@i? Pagissued

by BB LTS E%g,ﬁs red"h fﬁ%ﬁat Fiindand, “80300w gpER; Sta
s A i SR oo

: d?Eﬁééan | entlp"gh Leiﬁ Fhe é%%g?@ﬁigh éQS%lna?Hsle 2

Ion h icating des

| N{ QRABIIHOPhe 3@ &‘&nfié‘&ré&?&& &ﬁdtﬁ@ben%ﬁtﬁbns&%chnlque

franme and with a forwarding table configured by using

t he ispepeeded Upasy éQpaha82h8d HleRchEh§E R2ABICA ¥ he control
(hereinafter, referred to as the article 3). One

eximpbematiddhe aphinrtpety,easdeonii Batdl dah bBeset promptly
articles 1 to 3 is showm in Fig. 29. The created
spannmgectueeence | ofli  af &l e { Hey heseryidusikey isetting the
29. In this 25 conventional spanning tree configured

f oetowetRwEik; one spanning tree is configured on the
whol e network while the node 11 to the node 32 .
exchangetﬂhg(gﬁﬁqqﬂtxﬁgﬁ%§s "Institute of Electronics,

Information and Communication Engineers, Society Meeting
2002, B-7-11 to B~7-13, Proposal of Ethernet Architecture
GOE (Global Optical Ethernet) for Future Generation",
describes a method of transferring the Ethernet frame, with
an identification tag indicating the destination information
and the like inserted into the Ethernet frame and with a
forwarding table configured by using the spanning tree
created in a multiphasic way (hereinafter, referred to as
the article 3).

One example of the spanning trees configured in the
articles 1 to 3 is shown in Fig. 29. The created spanning
tree is indicated by the heavy line in Fig. 29. In this
conventional spanning tree configured for a network, one
spanning tree is configured on the whole network while the

node 11 to the node 32 exchange the control frames
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-3 (information) with each other. The above
conventional techni que, however, has the follow ng
problens. At first, in any ednvention technique, it
takes a long 5 tinme to configure the spanning tree.
In the technique of the article 1, although the
spanning tree is configured by exchanging the contro
franme called BPDU frane, when performng a state
tr Ad8fPrpatienshwihbdeaebnpthas-arrival of a new BPDU
frame and therefore, 10 perforns a state transition by
usi ng a tiFee.ahRR ATEHElonde teghpdausy hRYWeNgHeshas the
acconnndg%id in a network increases, it takes a

b
}SEBEFOV?HQ PEOR o Fgure the spanning tree. The

nb f .BPDU f h d b h 5
ruror o e 0 LS R AR STy  ono
f j . | ' K.
ThEHER 68" OMELGOPESLE SRBhRING R0t il F e takes

of the petimre® TR TSR b OF° (R SAF £ A ROUGH ene

of the network. The te

| depahsdhg titrddes OneogueBEI BPalxdREiyIngUend &onthsl frame
the spanning tree is configured by exchange of the

cowdl béd fBHNE feamke dwBEDbér fofminqaRdsthtehpineN€ition, each
speeds up the state transition, by exchange of a

comdde nepnbiriis arericzd ]l eolf Rx apoe BPENE Agre earedhttherefore,
Therefore, conpared with the article 1, the technique

of PO @ tSiteite 2reawsidliomt by vadngoaftijuent ikecerding as
of the spannin tree, but conplicate the shape of the

t G JYPheT Ahdihe diades %o thikacaamaqdstgd 40 e network

configure the sganning tree, . . .
increases, it takes longer time to configure the spanning

tree.

The number of the BPDU frames exchanged between each
node increases according to an increase in the number of the
bridge nodes belonging to a network. Therefore,

' configuration of the spanning tree takes the longer time
according to an increase in the size of the network.

- The technique of the article 2 is identical to the
conventional technique 1 in that the spanning tree is
configured by exchange of the control frame called BPDU frame,
and it, however, speeds up the state transition, by exchange
of a confirmation frame called Proposal and Agreement.
Therefore, compared with the article 1, the technique of the
article 2 can shorten the configuration time of the spanning
tree, but complicate the shape of the topology and therefore,

it takes the longer time to configure the spanning tree,
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according to an increase in the nunber of the nodes to

be accomopdated into a network. In the technique of

the article 3, since the spa#hning tree configured by

using the nmethod of the article 2 is created 5 in a

mul ti phasi c way, configuration of the spanning tree

takes the longer tine for the sane reason as the

article 2. At second, in any conventional technique,
théFSOFglnguEﬁ aonBSFéﬁﬁFhaﬂ theopumbesned phe gnodes to be
failure, it affe a Iarge area. 10 In the

c?ﬁggﬂFPBHQFeﬁeéﬁﬁPqﬁenﬁFw RE- a;tiﬁle 1, in the case
owi ng o Al uﬁégfl{lﬁﬁﬁé‘?ﬂfghgﬁﬁwic%?%& 5he spanning
e Y SR S TPRALEA Jf B3 A2 creote

r econ I gure

arthd Iﬁlﬂ?tlf)ﬁ]as%é gespanm(ﬂj %ﬁg&ggb@%ﬁéqg annlng tree takes

configuration o oW n

f ath&r Bon§s8e Qiméhfoﬁeiﬂ@rgamé f@&@&ﬁya§t9ﬂge§rt1éﬂ§ 2.
configuration is gradually changed, and then the

spanni ng A %dﬂhd,hdn\/\/aﬁbfecﬁﬁbéﬁtiohélrEé@ﬁﬁi?l% ?dthere is
Therefore, even in a place distant froma failure '

| astuchta ipgrobelces 3drat aZ0otousirepcehernat fwt kure, 1t affects

“tenporarily. In the conventional technique of the

ard i baege, axgace the spanning tree configured by
using the nmethod of the article 2 is created in a
mul ti phasil® W@g comFeatieonadcheghnpavpl ef thatarticle 1, in
occurrence of a failure, it affects a |large 25 area,
By 559 RE g%ﬁ%%@asw sonfigunatiqreof thy spanning tree

abo e ntioned.con tional technique 1_to
co%‘ivﬂe‘rﬂ”ec&n'& FéEHﬁ?\éu %P%Fﬁ@‘bﬁﬂ‘%u‘dhelﬁoﬂ%t‘t’%lﬁ gLe once

E%losed and then the spanning tree has to be reconfigured.

In the conventional technique of the article 2, in
the case of changing the configuration of the spanning tree
owing to a failure, one of the network is locally stopped,
the configuration is gradually changed, and then the spanning
tree on the whole network is reconfigured. Therefore, even
in a place distant from a failure, at last it is necessary
to stop the network temporarily.
| In the conventional technique of the article 3, since
the spanning tree configured by using the method of the
article 2 is created in a multiphasic way, there is such a
problem that at occurrence of a failure, it affects a large
area, owing to the same reason as the article 2.

In the above-mentioned conventional technique 1 to

the conventional technique 3, since only one node that is
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_partial

10 15 a connecting point to connect the existing

network can be provided, in order to prevent the

spanning tree frombeing a-koop shape, it is

difficult to configure the spanning tree in every

network. A first object of the invention is to provide

a spanning tree system a spanning tree configuration
node, a spanning tree configuration nmethod, and a
spangionqeatdeg ponhitgicarioaneptoghemexdsating abtwork can be
shorting the configuration time of the spanning tree,

A i”é’@@ﬁﬂie@hj dat ogflerheo i prevenbrths spamring dees from being
spannlng tree systen1 a spanni ng tree configuration
no@elOCR IRARM A Lf «Hiibiruluts renfisuredhaspaaning tree
spannln tree i guration program capabl e of

r esty £ FHQDFH¥OF§||ure affectlng area at occurrence

f f I SU Y NVE NT| A dj to
Che t1 st BeEiEPtoOb ek AECHbE AR VETE i AR oos (e oat eRide a

{Egd %hﬁéﬁgt?eérs9§%§ﬁéc$ nagﬁﬁ9#%L§?F%§c§?fh§§££ 19y node,
wharspanhme?dhkasrsaﬁfﬂ§£¥9£5§n ﬁaanegﬁad b%%gnnlng tree

wor k consisting o FEast fodr
aCé@HﬁQéﬂkhﬁﬂoﬁ%rdt_ﬁHﬁ &ababq@dof heh dYadgh PehenebRgi d@ration

said partial network configures and manages a spanning

t r eéméoofeyheyspahhehgnetsol k adj acent to the

self-partial network, 25 according to a spanning tree

prot ocol . Aceserahd phipanahethasheedntofon hiks to provide a
invention, a node formng a spanning tree on a
neSR@RRiBGNbEee | syskempl La dpayning tree configuration node,

a spanning tree configuration method, and a spanning tree
‘configuration program capable of restricting the failure

affecting area at occurrence of a failure.

Y OF THE I T

According to the first aspect of the invention, a
network system for setting a transfer path according to a
spanning tree on a network connecting a plurality of nodes,
wherein two different networks are connected by a partial
network consisting of at least four nodes acéommodating no
terminal, and the node belonging to said partial network

configures and manages a spanning tree for every
other network adjacent to the self-partial network,
according to a spanning tree protocol.

According to another aspect of the iﬁvention, a node

forming a spanning tree on a network connecting a plurality
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-6 of nodes, conprising the follow ng steps of

configuring a partial network which connects two

di fferent networks by, at |east, four nodes

accommodating no term nal; and configuring and

managi ng a spanning tree 5 for every other network

adj acent to the self-partial network, according to a
spanni ng tree protocol According to another aspect of

t hefi pedasi onpmprispagnthg foddowdngi gtiepsi ofi net hod

of configuring a spanning tree on a network

connect i ngtenpignnlng ya aparbiiel, netwerk swinich 1gonmects two
fO||0MAng steps of configuring a partial network which
cofhéeERE PﬁoneHW%EF by / net whbeRst pyfour nedes agepmmodating

nodes, _acco dating term nal ; ,and conflgurlng and
naﬂSgFﬁﬁmémganﬂPa c¢ ’g’e JUFHRY e3REIBE RS R VRRFAOLNY tree

d If d
Sk gE oo SR A4 8oL e 25000 S,
Ofa&@éraﬁ{&%b 08, g Ban s PRI Nl tel!;:‘?$ £ §Qp{ 1 guration

program of “r uanni neF Oh €ach hod ormng a spannlng

tree on a WM%?W%H%.@ ap.#lgca% ide e MRASRion, a

conprising the follTowmng functio 20 conflgurlng a

Pagpardn i @ teiekc $hE LHu LLE1EE e tneR o #iddriFiQptr itk} w&%nlng

by, at |east, four nodes accommodating no terninal

ant e phi @unreﬂm@ramommgim aapﬁﬁﬁﬁniﬁ? dff fédeé Prcomprls ing
every other network adjacent to the self-partia

nethriql laciooy dtreps i@ spanni ng tree protocol. 25

G her objects, features and advantages of the present

i nvent i on aAnfidyederge aclp@art ifalomettworde tdhiilohd connects two

description given herebel ow.
different networks by, at least, four nodes accommodating

no terminal; and configuring and managing a spanning tree
for every other network adjacent to the self-partial network,
according to a spanning tree protocol.

According to another aspect of the invention, a
spanning tree configuration program of running on each node
forming a spanning tree on a network connecting a plurality
of nodes, comprising the following functions of

configuring a partial network which connects two
different networks by, at least, four nodes accommodating
no terminal; and confiquring and managing a spanning tree
foreveryothernetworkadjacentix>theself-partialnetwork,
according to a spanning tree protocol.

Other objects, features and advantages of the present
invention will become clear from the detailed description

given herebelow.
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--7 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

bl ock di agram show ng a network configuration,
according to a first enbodi pent of the 5 invention;
Fig. 2 is a block diagramshow ng the structure of a
node 11, according to the first enbodi nent of the
invention; Fig. 3 shows the structural exanple of a
tabl e 103, according to the first enbodi nent of the
invention; 10 Fig. 4 is a block diagram show ng the
structure of a tree manager 10 according to the first
enbodi nent of & JEGRILBH | 9F BHE hDRAWIR
structural _exanple of a_table 107, according to the

first enbofifent % nkledkediagram 1Shewing 62| regwork

bl ock dia?r?n1shomﬁng %he structg[e of a tree manager
108 05 E8F BFAGPr 02 CRETHERGt ERnBoHE Feht eBPotipgent of “the

in ph, Fig. 7 is a block diagram show ng the
st%ﬁg%hggogf a failure detector 109, according to the

bl ock ai agy i cha o o Si8Ee: SHrathd el Refysuare of

- Coafiogier B | QRcoReBAgdtd Qhﬁaofflt@itagi)ﬁhimgmo&f Eﬁ@tiﬂf’ention;
9 is a bloc [

the invention; Fig. agram show ng an

exanpl e ofridie 3 2howBabhé g i@ PN id:HMAld 0F attdble 103,
single failure, according to the first énbodi nent of

t heceowding oty he. £t Serbdd Dda i GO rEHe SHovd g drhe
configuration - 8

Fig. 4 is a block diagram showing the structure of
a tree manager 104, according to the first embodiment of the
invention;

Fig. 5 shows the structural example of a table 107,
according to the first embodiment of the invention;

Fig. 6 is a block diagram showing the structure of |
a tree manager 108, according to the first embodiment of the
invéntion; |

Fig. 7 is a block diagram showing the structure of
a failure detector 109, according.to the first embodiment
of the invention;

Fig. 8 is a block diagram showing an example of the
spanning tree configuration, according to the first
embodiment of the invention;r

Fig. 9 is a block diagram showing an example of the
spanning tree configuration at a single failure, according

to the first embodiment of the invention;

'Fig. 10 is a block diagram showing the configuration
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of a network and spanning tree of a fourth operation

exanpl e, according to the first enbodi nent of the

invention; Fig. 11 is a bl oek-di agram showi ng t he

configuration of a network and spanning tree of a f

ifth operation exanple, 5 according to the first

enbodi nent of the invention; Fig. 12 is a bl ock

dia%ran1shomﬁng the structure of the node 12 of the f

i f PR @®pertardnand amemimartoediofgat fotheh dhersttion example,

enmbodi ment of the invention, Fig. 13 is a block

di 8§FaFfdRewtRgthRe firpticeubedémentoofhshgodavention;

according tp a second enbodi nent of the invention; . )
Fig. 14 Y39a Tt déke hloghafi asbam i ard g theceonrblgiration

a failure detectar 109 according to the second

enBB MEhoR Splcspantind Grieeistrs Lk ppesapigaexanple,

di ag L N9 I f.the spanning.tree .

colfCOmRERg8%eRE FEPLR: SrPlo bnSue CBF GPhE 16V SR Hions

second e | :Qf .t Lpvention: ki d.. i Kk

di agram sho ggl@aﬁ%egaﬁ%?%ﬂocﬁ%%%}n r?élt m&rﬁgﬁg Qtpﬁ&?ure of

SpeRaidiid 19Co £ WHd F4'Eahi § £6h Ushing Lo 2 ot ;
enbodi nent of the inventio%?réfg. 17 is?é??ﬂ%gﬁgfalnaoto the

di 24r i eriovd Ngeibeo ST MG T ikt i o Node 11R, _
according to the third enbodi nent of the invention;

Fig. 18 simiws tli3eist auslovlaldiexasm eholviaigt 8hkesdOickure of
25 according to the third enbodi nent of the invention;
Fithe 1®de Il bl aekouiing am shesaund henthedimerst rof titie
of a TTL manager 108R, according to the third
e Of the i nvention;

Fig. 14 is a block diagram showing the structure of
a failure detector 109A, according to the second embodiment
of the invention;

Fig. 15 is é.block,diagram.showing an example of the
spanning tree configuration at double'féilure, according to
the second embodiment of the invention;

Fig. 16 is a block diagram showing an example of the
network and spanning tree configuration, according to a third
embodiment of the invention;

Fig. 17 is a block diagram showing the structure of
a node 11R, according to the third embodiment of the
inVention;

Fig. 18 shows the structural example. of a table 107R,
according to the third embodiment of the invention;

Fig. 19 is ablock diagram showing the basic structure

of a TTL manager 108R, according to the third embodiment of
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Fig - 20 is a bl ock diagram show ng anot her structure

of the TTL manager 108R, according to the third

enbodi ment of the inventior9s-5 Fig - 21 is a block

di agram showi ng an exanple of the network and

spanning tree configuration, according to a fourth

enbodi nent of the invention; Fig. 22 is a bl ock

dligﬁgn1shOMAng the structure of a node 51, according
inygntAoanbodi nent of the 10 invention; Fig. 23

is a block_dia ran1shomnn the structure of a BPDU

| denti fyi n§18mi40 4§02 énﬁgrta@ sirewing emether structure

of the invention; Fig. 24 is a block
i ’aﬁ? BRI PP asE R AR o Asoamiiing £5 kBeusARTdnEmbodinent
sp %n ﬁ E %onflguratlon according to a fifth
odlnen BHR&% nvent i on: Fig 25 is a block

d h d
qcoor ding T57 e 15 P W e ?Hﬁwin%l?%ﬁme of the

-ZOnEEGorﬁ6aﬁHQﬁga£H§nﬁt£¥8%uﬁahﬁg§§PQLf 9?%gphfng to a

103G accordi to t |nen

| ngedttBNembbaimért | 8 3Rk OfkvShASHAM ShOW' ng the
structure of the node 21G according to the fifth

enbodi mentFig. tre isi AVIETGERM i prdnt $hot@ nghewe sPPucture of
structural exanple of a table 203, according to the

f i & thoderbdlj nectondindeto nviest £ ous tiri gnbd@imen® &f oglke
di agram showi ng an exanpl e of the -10- spanning tree
colfveREE@bn, according to the conventiona

Fig. 23 is a block diagram showing the structure of
a BPDU identifying unit 100, according to the fourth
embodiment of the invention;

Fig. 24 is a block diagram showing an example of the
network and spanning tree configuration, according to a fifth
embodiment of the invention;

Fig. 25 is a block diagram showing the structure of
a node 11G, according to the fifth embodiment of the
invention;

Fig. 26 shows the structural example of a table 103G,
according to the fifth embodiment of the invention;

Fig. 27 is a block diagram showing the structure of
the node 21G, according to the fifth embodiment of the
invention;

Fig. 28 shows the structural example of a table 203,
according to the fifth embodiment of the invention;

Fig. 29 is a block diagram showing an example of the
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techni que of the invention; Fig. 30 is a block diagram
showi ng an exanple of the network configuration and

the spanning tree configuratiipn 5 of a network 1,
according to the first enbodi nent of the invention;

Fig. 31 is a block diagram show ng an exanple of the
network configuration and the spanning tree

configuration of a network 2, according to the first
entsedinmamy tteeheonfdgunationpracdoxdiB? tics thebbonakentional
di agram showi ng an exanpl e of the network
cofEichiguieo afatiret Aavepadminng tree configuration of

a network 3 according to the first enbodi nent of the

i nventi on; Fi9s ¥ ¢s Q%Jl@cla 44 agi amh ghexinggan lpxample of the
Coan%PS tion_.exanple of the Ethernet frane with_an

exBﬁﬁ FﬁaflgEEB apﬂganéotpﬁeSpﬁvgﬁpgohre¢|gonéagpgatlon
a yie n exa r rk

coéne%&égg gpSF.éSFggﬂlBE F tﬁﬁvg mg emﬁﬁd#FGPtBQf the
|slﬁvghgw/ﬁhomnng an exanple in the case of 25

connecting fhe above three networks by application of

the invengien,3ishewe Hibdi Qll ‘f*am’:éﬂowﬁﬁgr i %ﬁéﬁﬂ%\ﬁfe of the

showi ng the Trane fornmat exanp

nehé@wbrﬁfcbﬁﬁl?@ﬂﬁﬂlb@nanénghg'Qpa@ﬂlﬁ% E&é%fﬂbnflguratlon
showi ng the conftiguration exanple of the forwardi ng

tagfi a héewbiler 2y ciceatdiegWwes kté thest | Sesdimént of the
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
invention;

Fig. 32 is a block diagram showing an example of the
network configuration and the spanning tree configuration
of a network 3, according to the first embodiment of the
invention;

Fig. 33 is a view indicating the configuration
example of the Ethernet frame with an expansion tag, according
to the invention;

Fig. 34 is a view showing an example of three networks
to be connected by application of the invention;

| Fig. 35 is a view showing an example in the case of
connecting the above three networks by application of the
invention, shown in Fig. 34;

Fig. 36 is a view showing the frame format example

in a hierarchical network of the invention; and
. Fig. 37 is a view showing the configuration example
of the forwarding tag in the hierarchical network of the

invention.
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“invention T

L NQS. | d
e S ned e LTS e <

The preferred enbodi nent of the present invention
W Il be discussed hereinafter in detail with reference
to 5 the acconpanying drawings. In the follow ng
description, numerous specific details are set forth
in order to provide a thorough understandi ng of the
present invention. It wll be obvious, however, to
those skilled in the art that the .present invention
may be practiced without these specific 10 details. In
ot her instance mell-knomn structures are not shomn
in detail iBES<BEPTIGN, QRc? HRY ]
i nventi on. ggrernafter referred enbodrnents of the

| PreiEeRERd PHRediReRE A | LF ( Preeset ehpeention

PPAD. B8cbhEnPLRY SafbviRES IR e e8] Fodfug Fik¢Fieion,

erre 0" as pann

d' ﬁﬁlﬁéﬁbﬁgf’%ﬁ ﬁ'\[ﬁ] & gtret Q? i P&Itl.’ﬁ) 51 otrggr kRprovide

conflgurat the rnventron 1s a

20a nef e kg s C
pa?t e Lnk% : Vh\gir/é{(esﬂsfltérfﬁrfg a%)’fsrll.gllc\eb %ggb%gﬁt gﬁvéH?ESn, It will

t hige netbwoks | hewetdd, HoiEhéde IOOEFeRCHP OGO ﬂ:rbaet the
i nvention, and nodes 21, 22, 31, and 32 are the

C QPmesE I o Nl vespiaion Moyt e -pragpided e tmdas . tHege dpecific
pg{srcally shows one network 25 configuration, and the
et gy thw atdses rstarores, dexldd-ksst ecmidtiatésdmre not
of configuring the network as showmn in Fig. 1. -12 |In
orf s N datakilsinmrdey wer knoeseesarygohscprearthe tpresent

of, nodes, is divided into several partial networks
invention.

Hereinafter, preferred embodiments of the invention
will be described in detail with reference to the drawings.
In the following description, spanning tree protocol
(IEEE802.1D) and high-speed spanning tree protocol
(IEEE802.1W) are collectively referred to as a spanning tree.
Fig. 1 is a block diagram showing an example of the
network configuration to which the invention is adopted. The
network shown in the drawing consists of three partial
networks 1, 2, and 3. Nodes 11 to 14 forming the network 1
of Fig. 1 is the nodes according to the invention, and nodes
21, 22, 31, and 32 are the conventional spanning tree-
compatible nodes. Fig.'l physically shows one network
configuration, and the following two cases are considered
~ as the situation of configuring the network as shown in Fig.

1.
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S W

by domai n, and the nodes belonging to the partia
network- 1 are replaced with the nodes according to

"the invention, 5 thereby coritguring the network of

Fig. 1. In the other case, it is shown in the

situation of connecting the existing networks wth

each other. This situation is described by using Fig.

1. Wien the network 2 and the network 3 are the

exi sting néPwWBRRsCash, oprbleexistingcoaheerkt benheching a

the_nodes. 11 to 14 are newy provided therebetween,

toP#BFﬁitlEX AeRsiss }Saaawfleﬁaw‘sp sevestdwRartaati getworks
d to both the situation

. t d
: ofbglV|@gxgvthggagsgen8Q$§?$ﬁ§°ﬂﬁfﬂﬂrPoaﬁﬁerE%FE%?¥mPetwork

h Kk
actoraing pbarRe PRERNERS fadts: AECerdlag; ATHR Fivention,
COEHSE&bygchflgﬁgéﬁgt€h¥ ngé&é}kngfnfigﬁeks wi th each

ot her by” usi ng des accor nventi on.

Al t hough t1¢ dgs gy %s\@ I tbgs”QHSWE $RdL RO ézpﬁaa@.pon of

latter situation in the bel'ow, Since t physi c
steomheteingl thbce BREMORE BEOVEES Fith dadk éﬂee:_sar@us

~as in the former situation, the |ike operation can

pes itnakitoml o desdiibed Gymasinigt Bai.on. Whénneﬁé\méﬂ:viork 2
is a network for operating the protocol 25 such as

spithi the tnetwark resate ertie packeting mpt{WwP)s, in order to
(hereinafter, referred to as a connection protocol),

| FOMRGE the Rt Isheomias themdtdvate herly mvided
netmork 3. The network 1 has four nodes: nodes 11 to
14-hegrbetsiggi « to iforPhEhexpetvagknbiaddktioratkiey as shown
oper%%lon of the spanning tree, and it is connected

The invention can be adopted to both the situation
of dividing the above existing network and réplacing the nodes
of one partial network with the nodes according to the
invention and the situation of connecting the separately
existingnetworkswitheachotharbyusingthenodesaccording
to the invention.

Although the description will be made based on the
latter situation in the below, since the physical structure
of the network shown in Fig. 1 is the same as in the former
situation, the like operation can be performed also in the
former situation.

The network 1 is a network for operating the protocol

- such as spanning tree or resilient packet ring (RPR)
(hereinafter, referred to as a connection protocol}, in order

to mutually connect the network 2 and the network 3. The
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network | through the node 11 and the node 12. The
network 2 has the node 21 and the node 22. The nodes
21 and 22 don't have to be-the nodes according to the
i nvention necessarily. The network 3 is the existing
network for the operation of the spanning tree, and it
is connected with the network | through the node 13
and the node 14. The network 10 3 has the node 31 and
t h@skw@xk3d hese fovdenogesandod2sddd ttohdve to be the
nodes according to the invention necessarily. The
node 11 exT8&€i RELWPEKi A LRethet @Birtingsngtwork for the
i ncl udi n ermnal, and it conprises_a tree nmanager

(cBPFEaEARE R 1 aberedsgniagey dh 167 18 ennscied with the
h t th d f ot
giﬁ%t%%”ﬁgknt'e[t ferkis re(ﬁ%nlglgearne itl;ﬁ@%aaqﬂﬁngwp@ getwork

conneg?l on pr ggglf E#ig‘f ge)nsop r?l rTg %gga%g %ﬂ%nﬁl gg don't
of hhbe eV EKe InoddE a%%?‘d#ﬂulgo{‘:ot llri]l\(f%[?lttltl ?ec‘ssarlly

the separate tree nanagers con gse
20 series Bhe SREPRGIN ﬁrﬁ%ﬁ@wﬂétﬁqynet?@&rﬁ% Lhe
is physically connected to the node 21, the node 22,

t hepapdeiodHf ah@d EPEnNOAE thiee,TRRINOEE] d 2inddt®d with the
i nvention existing within the Tetwork 1 is a node

i neetddnly hotheosugmalhe arodlel t13c angr ikhesnodd the The€enetwork
manager :corresponding to the tree manager 104 of Fig.

2)3 fhgrs gode Bheanpaihe ngder 82 . 0hhée heoddgl8 loantiha2 don't
exi sting network 2 and the manager (corresponding to

t RAY? & besthamgges aogosdingdto thef dnveohiooinegrpsarily.

~ the connection protocol  of the spanning tree or the

li ke of t NS ACRS #l1exFRBIRgeithin | thempsmoaK ¢ 1s a node

conn d to the node fl t he, node 22, the
inc u ing no termina and it comprises a tree manager

(corresponding to a tree manager 104 of Fig. 2) for managing
the spanning tree on the side of the existing network 2 and
a manager (corresponding to a tree manager 108 of Fig. 2)
for controlling the connection protocol of the spanning tree
or the like of the network 1. The node 11 of the invention
has the éeparate tree managers for controlling thése two
series of spanning trees respectively. The node 11 is
physically conﬁected to the node 21, the node 22, the node
12, and the node 13.

The node 12 of the invention existing within the
network 1 is a node including no terminal, and it comprises
the tree manager (corresponding to the tree manager 104 of
Fig. 2) for managing the spanning tree on the side of the

existing network 2 and the manager (corresponding to the tree




10

19

20

29

node 11, and the node 14. 5 The node 13 of the

invention existing within the netwirk 1 is a node
including no termnal, and it4€onprises the tree

manager (corresponding to the tree nmanager 104 of

Fig. 2) for managi ng the spanning tree on the side of

the existing network 3 and the nanager (corresponding

to the tree 10 nanager 108 of Fig. 2) for controlling

t h&aggerect(bafFic o2 dIforofonteo Ehmpithg coreeairidrhprotocol
like of the network 1. The node 13 is physically
cofteEh8aSPANRHRY HoiRe PE thikelhkgeod 4the metwasde 131 The node
angﬁthe ode, 3 The node 14 of the invention existin

Wi

| RSy S HEA LY ihrner e £on5Be PRRF LR ngiRnode 27, the
! di . b
(cBPHBZ8naPRg EBSTABaEr 4 rmnager 104 of  Fig. 2) for
' t ' . i f.t N
exi ot ng nilooRpt' I3 SEEng Ve EI08 SLibbin within the
t hget 88K fﬁﬂ?gﬁhoﬁgg%ﬂg%ﬁ?%%gzaoféHfﬂEHEﬂ“”&nﬁn?ﬁ;ggmprises

connection protocol spanning trée or

| i kBeOfréHandred co dHREG i kC
conngctgd to tﬁ%gigﬁeng%ﬁ%he né%ﬁiﬁgﬁegﬁgébngggxg?f 104 of

anBighe2 pofler Ihanigihdietle Woysnn £8§ e Bée the Noddesid? of the
to 14 has the separate tree managers for controlling

t hexiswisgmnedwoatk 3 2mdphamarndare¢sorsespbadliigtin the tree
node 11. The node 21 existing within the network 2 has
ongnager d§8prd Eagt 19 foreommadddingeohe espoeditigntprotocol
the tree -15 nmanager 104 of Fig. 2) for managing the
spehrifiRy speeainghéregogs bheikikmedi thie petwanscledThe node

mﬁ{? the_node 22, the node_ 11, and the node 12.
is physically connected to the node 11, the node 14, the

node 31, and the node 32.

The node 14 of the invention existing within the
network 1 is a node including no terminal, and it comprises
the tree manager (corresponding to the tree manager 104 of
Fig. 2) for managing the spanning tree on the side of the
existing network 3 and the manager (corresponding to the tree
manager 108 of Fig. 2) for controlling the connection protocol
of the spanning tree or the like of the network 1. The node
14 is physically connected to the node 12, the node 13, the
node 31, and the node 32.

In these ways, each of the nodes 12 to 14 has the
-separate tree managers for controlling the two series of
spanning trees, similarly to the node 11. |

The node 21 existing within the network 2 has only

to comprise the tree manager (corresponding to the tree




10

15

20

25

The node 22 existing wwthin the network 2 is the sane
5 as the node 21. The node 22 is physically connected
with the node 21, the node-13, and the node 12. The
node 31 existing within the network 3 has only to
conprise the tree manager (corresponding to the tree
manager 104 of Fig. 2) for managi ng the spanning tree.

" The 10 node 31 is physically connected with the node

32mapagenod@4 @8, Faad 2 hefowdmnapintheheodpadDing tree. The
existin%ﬁmﬁthin the network 3 is the same as the node

31n0fgeZhodie BhYSicahisicenngcehnuidtiedhs modeh@2,notle node
31, .the gode 13, and_the node 14. 15 Ports 111, 112,
1211/aAB415bepBPERg 120 the nodes 11 and 12, for

connecting_the netwark 2. Ports 113, 114, 123, 124,

133, 134, Tﬁ%,“%%@l Ry LG 1R SOk £olg Ahe same
for.C ting.the network.1l. Ports 132, 141,
SO B 81 e Rt 02 15 BiYP Ser Tl s oRGjected with the
co ti 3 Fi{ st odinment] Fig. 2 is

a g?@%kﬁgPagﬁgnﬁgﬁ%a}Eg ?ﬂé E%?a? S o?bthe structure

of the nodghdd § 0 -2k, [ t ' 2

enbodi ment. In F‘f%.e%,e"gsﬁﬁggﬂt&%ghﬁnﬁﬁ%ﬁﬁ 3 has only
I etei yOMpBEid | tie tASEIHARASES BSoSPOYFohdiAHCLHELRY tree
(1) to (6), as the initial setting, by using a

keydwagel; B4 &iglERNEForWaBnaginghehel sgnnBagegr&®. The
the setting result of (1), each of the ports 111 to
11mede Tonse phot itta Illye conaectedagethl0def nodevd2gi tige node
the spanning tree of the existing network or a failure

5 Hbt antdrthegiodmskd. on the setting results of (2) to

(5),

The node 32 existing within the network 3 is the same
as the node 31. The node 32 is physically connected with the
node 31, the node 13, and the node 14.

Ports 111, 112, 121, and 122 belong to the nodes 11
and 12, for connecting the network 2.

Ports 113, 114, 123, 124, 133, 134, 143, and 144
belong to the nodes 11 to 14, for connecting the network 1.
Ports 131, 132, 141, and 142 belong to the nodes 13 and 14,

for connecting the network 3.

[First Embodiment]

Fig. 2 is a block diagram showing the details of the
structure of the node 11 in Fig. 1, according to a first
embodiment.

InFig. 2, aconfiguration unit 100U receives setting

instructions as shown in the below (1) to (6), as the initial
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a transfer unit 101 and a transfer unit 105 are set;

and based on the setting results of (5) and (6), the

tree manager 104 and the tree manager 108 are al so

set. (1) whether each port belongs to the network 1 or

the 10 network 2, (2) the node ID of a destination

node (a nei ghbor node connected to both the network 1

and the network 2) in the case of transmtting the

BPBEttiagesbfousihe apgeeybourd, e moueef,i qEIARTOQNWEBr and the

the network 2, to the network 1, 15 (3) the network to

whiléker hBaged ol Hdde sebitimgi negulbedHngh) ( teeecmetfwbhi ports

1in Fig._ 1), (4) whether the ports on the side of the

nefddrko A141ie eennestedrtmsheatreadnamagee 04 foreranaging
instruction is used, for transmtting

ggkﬁsggﬁ%bggngiEﬁﬁ?,OFthEx%ﬁﬁ?E?ngnn?h@OBEcﬂFrénﬁgi%$re

onSeREVRRE 108 HESen 35 LR bty tetulis &8 1A S0 o),
nodeaHndst 5L AL bt 3305 8 P04 fddees petphd based
Eagh @fe %ﬂ%%e&%&t&sofﬁgﬁé)e]a%icpg(fé)gf é:ﬂ%;%@{aé rﬂtﬁi‘%&er 104

.the sanme structure as the

Caged tHe tide thenaeserims i &f of1ddesabove node 11,
the ports 111 to 114 are changed to the own ports of

the respectlveheetes, cactdporRebOBEHNGE k2 thB héevadIOMeor the
descriptionis as it is in the node 12, but it is

- chreigeakk 2 £ he network 3 in the nodes 13 and 14.

(2) the node ID of a destination node (a neighbor node
connected to both the network 1 and the network 2) in the
case of transmitting the BPDU frames for the spanning tree
configuration for the network 2, to the network 1,

(3) the network to which the node (node 11) mainly
belongs (the network 1 in Fig. 1),

(4) whether the ports on the side of the network 2
are cut off or not at the double failure,

This setting instruction is used for transmitting a
root/node signal, for example, in the occurrence of the double
failure described later.

(5) the ports to which the node set in (2) is connected,
and

(6) the cost of the port and link and the priority
of the nodes, defined in the IEEE802.1D or the IEEES802.1W.

Each of the nodes 12, 13, and 14 of the network 1 has

the same structure as the node 11 of Fig. 2. In this case,
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The transfer unit 101 transfers the input franme to an

output port described in the table 103, with reference

to the header information ofithe frame input fromthe

tree manager 104. \When there is no description of the

out put port 10 in the table 103, the input frame is

copied and transferred to the port other than the

i nput port. An address |earning unit 102 wites the

path ther desariiption echetbet phovponodeoiiespbadpogtsolll to
the_ destination address into the table 103, based on

t hd14o@reechanggd, Eesthe oWR Ppake efpphectiesbe¢hive nodes,
tranafg& uni 10&. The table 103 is a,table in which ,
ealf% suPe%b’PF €orRetPBnabRYyet deeaEPHEQR | Hat#9nit is in
MAC. ad js.described.,. Witing, into the tabl.e 103

i s%grrgét‘?%:l oy ut%hé{:ajoﬁlrc&a?gef é"ronlthﬁ ’Eﬁﬁ‘t"”i}@%’, l&nﬁge nodes
the pgh? %@fornation described in the 20 table 103 is

reaa 0 y'the transfer unit 101. The tree manager

- 104 has thfhécﬂféﬂgfg&'kgﬁ%?10&“%9 5%@§rgffgéii%?ut frame to

transferring a frane to the transter unit

di sgap@tpat i port ASE@EIbd@ if 208d etat e fdjvﬁhiﬁﬁnﬁﬁi$rence

fromthe 25 ports 111 and 112 and a virtual port

al bogthid eheaidy dnfdrii tSRANBNEhk! € amb2) nphaNSFGhItHE tree

a frane to the ports 111 and 112 and -18 the virtua
poranddeér dr04di ¥hendibngre tis no degeripOids atsthe ot bput port

frame input fromthe transfer unit 101 along the path

onin Hdes sabdien§08r ehe ampyi3)f amendsi cophgd st transferred
receiving the BPDU frame to and 5 fromthe ports 111
arfeP 142 RRFY ERAT tihwn gdie dmmit frerthe

An address learning unit 102 writes the patﬁ
information of the output port corresponding to the
destination address into the table 103, based on the source
address of the frame supplied to the transfer unit 101.

The table 103 is a table in which each output port
corresponding to each destination MAC address is described.
Writing into the table 103 is performed by the address
learning unit 102, and the path information described in the
table 103 is read out by the transfer unit 101.

The tree manager 104 has the following three
functions of:

(1) transferring a frame to the transfer unit 101 or
discarding it, in order to transfer the fraﬂe input from the
pdrts 111 and 112 and a virtual port 116 along the path on
the spanning tree,

(2) transferring a frame to the ports 111 and 112 and
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spanning tree configuration, and then configuring the

spanning tree for the network 2, while controlling

port blocking units (1045 t84047 in Fig. 4) within

the tree manager 104, by use of the spanning tree
protocol. according to the 10 command described in the

BPDU frame. The transfer unit 105 transfers a frane to

t he out put ort described in a table 107, with

r eft@eeFdEtva i pRr hekferor dissardingnibf imexrdemso transfer
ing t fromthe tree manager 108. \Wen there is no

dedOfi SERBE dPPRte TEQRpERepsranFierhanishl@liglong7the path
t he i% ut frame is, copied gnd transferred to the port

ot R&r gﬁaﬁpﬁﬂglpﬂpﬁfe or f1%The address | earni ng unit

100 0 1= 35S Ay L0 R, B0 SR SIETBH Hipre o anc
th d f, .t
Meckad e W -P000, 0 10 A0LRE 05RO € ror e

103p5ﬁn§ng39£8eiEoﬂ@i&ﬁrgeﬁgnOuéﬂ&kﬁﬁggggonfigngng the

correspondi ng to each”desti nafion ress

despanheflg t¥éétidg tREOntbRotRLE e i/BiPET EGREREL PYng Nfort
address learning wunit 106, and t he pat h i nformation

debtockinlg unitlse( 1648 ¢o M 104 Fisy S 2R6riQMirPYhé Reee manager
transfer unit 105. The tree manager 108 has the

f 010 é4wiby vsmiroff whet spanndhyg Eiget paosbeoli agcardiageto the
to the transfer unit 105 or discarding it, in order

t CONERRY cfes¢riedinin | thpetBRPWNframe. ports 113 and

114 along the path _on the spanning tree, éZ)

transf er r iThe drepgferignind0gcexanafigragdtrame dro the output

di sc r%%g it, jn order to transfer the frame input

. p
f RO & AnFebiest U o tthEefgrRn6R tActhe header
SF?H%BE%%éféﬁhof the frame input from the tree manager 108.

When there is no description of the output.ﬁort in the table
107, the input frame is copied and transferred to the port
other than the input port.

The address learning unit 106 writes the path
information about each output port corresponding to each
destination address into the table 107, based on the source
address of the frame supplied to the transfer unit 105.

The table 107 is a table in which each output‘port
corresponding to each destination MAC address is described.
Writing into the table is performed by the address learning
unit 106, and the path information described in the table
107 is read out by the transfer unit 105.
| The tree manager 108 has the following four Ifunctions

of:
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(3) transmtting and receiving the BPDU frame to and
fromthe ports 113 and 114, for the spanning tree
configuration, and then, conisguring the spanning tree

for 10 the network 1, while controlling the port

bl ocking units (1045 and 1046 in Fig. 4) within the

tree manager 108, by use of the spanning tree

protocol according to the command described in the

BPDU f r ame{ 1antiry fepeiodi mgf upne heo frhiel trendéeératriidn 105 or
i'n the spanning 15 tree, upon receipt of a failure

si §REFardangt he- i cader detteansferngheThsangjinput from the
det ect or i89 geriodically transmts keeg alive franes

t oPPRESpoLY 229 444 ehengorhe1pathi opr Ehet EPANREAY tree,

{1 TS VA) S bt b EESSES ARERSER A Yo 1 o

naugcsioh L6 Sivakigl 0558 UE8 HOBF Il grom ene

f atLeherstonai ¢t 9ok hgl{)ﬁg etﬁ@g]?&?]?] eor:]f gg%e Tgéaﬁﬂ*[{lg# 3J:ree .

port 116 Is an interna ort

rel ays the(3y aneHswdit@N ndNdnd &R iwih PinkEe bl #ame to and
bet ween the tree manager 104 and the transfer unit

10brom Ttige Voo ti€l 1 D®rdndel DAGSEdP tHE HSANRLKg leradd
each -20 node having the tree manager for the spanning
t reenfigutetiexj sandgheet, Webk £ gh@dnigheheaspantihgrtde for
the virtual ports as the nunber of the other neighbor
nothe nghworkhle, whide cdntraidiimy tive ploetnstowkindg uahtds (1045
havingkthe_treq managers for 5 the spanning tree of
t PhekQddy Krp'Figas Homwithénnbbe tre¢imanaggr 29§, the use of
nei ghbor node satisfying this condition is only
the spanning tree protocol according to the command described
in the BPDU frame, and

(4) speeding up the failure detection in the spanning
tree, upon receipt of a failure signal from the failure
detector 109.

The failure detector 109 periodically transmits keep
alive frames to the port 113 and the port 114 at predetermined
time intervals. Further, it receives the keep alive frames
from the port 113 and the port 114 and when the arrival
interval of the keep alive frames is beyond the predetermined
time interval, it issues a failure signal to the tree manager
108.

The virtual port 116 is an internal port of the node
11 and relays the transmission and reception of the frame

 between the tree manager 104 and the transfer unit 105.

The virtual port belongs to the network 1, and each
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. 116%iptdng3zneswar

the node 12, and therefore, the virtual port is only
one. Simlarly, each node belonging to the network 1
and having the tree manager260r the spanning tree of
the existing 10 network 3 has the same nunber of the
virtual ports as the nunber of the other neighbor
nodes and "the nodes belonging to the network 1 and
having the tree managers for the spanning tree of the
nem@aiek havingc tbeditrgley masaghroforhtheodpattiagdttée of the
node 13 in 15 Fi 1 has the only one virtual port

l%u 2hamdheaspng awebeptef theotirkeal ports
structure of the table 103 of Fig. 2. The destination
méslégf pumber; gf g thgr okheg; P?éeaborkéydﬁﬁeﬁnfihéthe nodes

tr fer unit 101 retrieyes an out paort, where
AL pRG b acdis cRak Heana Martia e stk mosadees for

30?19%2%*8%’3 s a"?ﬁ&?f%%ﬁ“mp"%ép the pReg 11 (in
fgehd s
ar ESREHHT od nEERETL U <o 20 oY EANF otRlie dgiRis oty

adgressode 0%, thRql Bﬁéfeféfém £8e "Jfré@afﬁ%éﬁf Sz 0&111; one.

the transfer Unit 101 controls so as to s pply th

frame to téEmDIEPLY, RYGh nddé beRdnfifg éoltfheanelt%kek 1 and
di agr am showi ng the details of the ~structure of the

t rivev imeg ager t104 minddger £8r ¥hd spandfly LberoflOhd existing
opens and shuts the port 111, the port 112, and the
vinetedripos thdad 6bhéysarse nguiliexr pof tthé imokihgortd s the
1045 to 1047, in order to configure the |ogica

netuEhear fHahe aghercegighbor nases event theonedes belonging

gener ati on of
to the network 1 and having the tree managers for the spanning

tree of the network 3",

Accordingly, each of the node 11 and the node 13 in
Fig. 1 has the only one virtual port 116.

Fig. 3 is a view indicating the details of the
structure of the table 103 of Fig. 2.

The destination MAC 1031 is a field for a retrieval
key when the transfer unit 101 fetrieves an output port, where
each MAC address is described. |

The output port 1032 is a field for describing each
output port ID corresponding to each destination MAC 1031.
In this field, one or several port IDs and virtual port IDs
are described. For example, when the destination MAC address
-of the input frame is "1A 12 26 4F 5G 08", the transfer unit
101 controls so as to supply this frame to the output port

1i1..
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a |l oop, according to the information of the BPDU

frames received by the BPDU transmtter/recei ver 1042

to the BPDU transmtter/receiver 1044. 10 The BPDU
transmtter/receiver 1042 transmts and receives the
BPDU frame defined by the spanning tree protocol. The
BPDU transm tter/receiver 1042 perforns the foll ow ng
operations of: (1) confirm ng the destination MAC

addr ess ofFidie 4 15 &rElnck diayramoshohéngorhe Betails of the
receiving the frame when the destination MAC address

i sStRECEHragef gkbeptaeeressager- 180-c2-DHg00200) t hat

is the special address_for BPDU and performng the

spannl ng th&&FSCRPNELPALPENL M bopesisngnd;shuts the port 111,

e
urk ?g‘i%ﬂ’gg @%égﬁﬂ% 57 TS it b g e Togical
f d

PSR it T
' tatPoO}?? éé@of@iﬂ% ; anegm%rh L0k f SN 6 ?'drf &Ppy frames

transmt the BPDU e tree cont er 1041,

antedetvdd ais fedie’ BRBUL Beahéﬁﬁtéawécéw&t D64pOES 10 BPDU
bl ocking unit 1045 to the port Il as it is wthout

addrargsmistte pfmeaasisigry. 10dwe, BPDU transmtter/recei ver

1043 perforns the same operations as the

above- mentiihen &% DBPBY atisar $rietrt/eiced veirv 410 4 21 @42Anstilies and

BPDU transmtter/recei ver 1044 perforns the
receives the BPDU frame defined by the spanning tree protocol.
The BPDU transmitter/receiver 1042 performs the following
operations of:

(1) confirming the destination MAC address of the
frame input from the port 111, receiving the frame when the
destination MAC address is the bridge group address (01-
80—C2—00—00~00) that is the special address for BPDU and
‘performing the spanning tree configuration processing, in
cooperation with the tree controller 1041,

(2) regarding that there has been-the input of the
data frame and transferring the frame to the port blocking
unit 1045 when the destination MAC address of the frame input
from the port 111 is not the bridge group address,

(3) creating the BPDU frame and transmitting it to
the port 111 when being requested to transmit the BPDU frame
by the tree controller 1041, and

(4) transferring the frame input from the port
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foll owi ng operations of: (1) confirmng the

destination MAC address of a franme input fromthe

virtual port 116, receiving-the frame when 10 the
destination MAC address is the bridge group address
(01-80-C2-00-00-00) that is the special address for

BPDU, and perform ng the spanning tree configuration
processing, in cooperation with the tree controller
10dLockif®) undhf L0 4D nyot tiee comtentkl efs tilte ikr adeheuenadding
when 15 the destination MAC address of a franme input

fr 8RYt RECFEEERAP . port 116 is not the bridge group

address, and receiving the franme and performng the

spanni ng t FBe BEOY tgaRanibhepl seeeivay, 1043 pebheras ithe same
wth the,tree contraoller 1041 when_ it is the, BPDU .

f r SRETI5407S) 25 FARARAVE HESR HLORPA RENGCE RRSBbF EoT/ receiver
blgﬁb'ng unit 1 047 when the destination MAC address

of Ja"frame input from the virtual port 116 is neither

the bri dgengs Gy Dy f d
(&) trans 5 S rETeIRher/ THem (3. KT AFCEGHR, che
25r9Nibwifd TopOribeoys rbpal port 116 without adding

any proceSsing to the frame, and (5) creating the
BPDU frane(1 pebh £t i MG el de8s3nak ivddd gR0de s of a frame
e

previously set in the initial setting of (2), not

brinjget gfoom Eeslrefstuss pdet dES6 | Nedd i Btlslrass fame when
the destination MAC of the BPDU frane to be

t reims ndes ethatibn tMAhsaddiéss 14 tlee thei dde tawdupaaddress

116, because of being 5 connected to the virtual port
1160 1vi@rChed e ¢-tfllesthak tis thengariahadBRss rfomw BPDU,
by the tree controller 1041.
and performing the spanning tree configuration processing,
in cooperation with the tree controller 1041,

{2) confirming the contents of the frame even when
the destination MAC address of a frame input from the virtual
port 116 is not the bridge group address, and receiving the
frame and performing the spanning tree confiquration

- processing, in cooﬁeration with the tree controller 1041 when
it is the BPDU frame,

(3) transferring the frame to the port blocking unit
1047 when the destination MAC address of a frame input from
the virtual port 116 is neither the bridge group address nor
the BPDU frame address,

(4) transferring a frame input from the port blocking

- unit 1047 to the virtual port 116 without adding any

- processing to the frame, and

(5) creating the BPDU frame, with the MAC address of
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As for the operation of this (5), for exanple, the

BPDU transmtter/ receiver 1044 of the node 11

specifies the MAC address oe$3ithe node 12 as the
destination and the BPDU 10 transmtter/receiver 1044

of the node 12 specifies the MAC address of the node

11 as the destination. According to this, it is

possi ble to configure the spanning tree for the

nether Rode previdesipased nn thhee indit itdle sedthimok of (2), not
segarate[%. Simlarly, the BPDU transmtter/receiver
1038edprigge erup psldresspearf the dertivat kenlrekiresls in the
thg node 14 and the BPDU transmtter/ receiver 1044

of YERELRBELOR4MBEPff tRE BRRBUMArEMe oHar BestEpRERbthedeand
13, This.pperation is performed. by onl the BPDU ,

L1 SRR EF PPl b8 tRSRLETRaL (BOFhel UF  { baFapEe (of being
ang 1. r 1it.er/. receiver. connecied to_ the :
oCopfEc BRRIED (A1 ViRl (i 436, CPBRRobE pg rEested to
degtanatépn Wb CappTher ARL P! ORKT D0 UNLnd04P10P90s1

and shuts the port, upon receipt of the Irnstruction

fromthe tAeerHORHOIIpRrakdbh: o%PEh@Qr&Eél?lgg%%anx%ie, the

1045 transfers the frane input rom-t

t r B driishtiaani vafe 4 4 A oltheot rans iyadilit sp@@ifies the
101, when receiving the instruction to open the port

f AT tavkintese abriifeolnocle 1044s 8hd déstiastiensahdeche BPDU
frame input fromthe transfer unit 101 to the BPDU

t roransnierdr freees inar -1 4 ©F2 théheodeet2i spagifies the MAC
instruction to shut the port in order to cut off the
netdbreE s ofi ehe Inpdef Lymsa hhetdestinainion! Aocor@ing to this,
the port blocking unit 1045 discards all 5 the franes

| H&ugsfﬁ"?ﬁﬁ%}h]ee BPDECRE AAYHE ththe srABRANYckra® FRPraklde network

t fr s input fromthe transfer unit 101.
E?anéﬂgﬁe spanning tree for the network 1 separately.

~Similarly, the BPDU transmitter/receiver 1044 of the node
13 specifies the MAC address of the node 14 and the BPDU
transmitter/receiver 1044 of the node 14 specifies the MAC
address of the node 13. This operation is performed by only
the BPDU transmitter/receiver connected to the virtual port
and the BPDU transmitter/receiver connected to the usual port
uses the bridge group address for the destination MAC.
The port blocking unit 1045 opens and shuts the port,
upon receipt of the instruction from the tree controller 1041,
The port blocking unit 1045 transfers the frame input
from the BPDU transmitter/receiver 1042 to the transfer unit
101, when receiving the instruction to open the port from
the tree controller 1041, and it transfers the frame input

from the transfer unit 101 to the BPDU transmitter/receiver
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- The port bl ocking units 1046 and 1047 performthe sane

operation as the port blocking unit 1045. Fig. 5is a

vi ew showi ng the details of .phe structural 10 exanple

of the table 107 in Fig. 2. The destination MAC 1071

is afield for a retrieval key when the transfer unit

105 retrieves an output port, where the MAC addresses

are described. The output port 1072 is a field for
ded®rizbi ng each 15 output port ID corresponding to

each destination MAC 1071. In this field, one or

several pofhenDsea@iivihe tiie tiredtportion B shet the port in
descri bed. Fi 6 is a block diagramshow ng the

dePEPRE &P Fﬁg offr @b?uﬂ@tb’ﬂrkhéogﬁ-@élﬂrﬁnaéépmlcael hree
Fig. 2. 2? The tree controller 1041A opens_and sh

th OBBFPl ﬁslﬁﬂ&lrtﬁBepBPFtﬂhOﬁkilﬁguHglt:hé%%rtilscards all

5 A S o8 Bl A ki
f
L 86D 348! oBLE PR FRD SERLALLIRR S0P,

';ﬁgﬁgégLf@ybiggk ékyﬁi@QSYb&éi%ég f&?#vﬁérggéﬁﬁiﬁgdsame

transmitt recei ver

Ef%ﬂ@%i@ﬂ a5 Ofhe tPorE A1 YERISGTREIOr 1409, -25 The

transnmtter/recei ver 1042A°transmts and
r ecei ves tiigg BBOS brends sdelingt iy dbkeisBaicAg ¢t tural

“~Upon receipt of the frame fromthe port 113, the BPDU

t rexamplée eof reicei valnld OB@A DOrFigns21 he destination
MAC 5 address of the input frane, and when the
dest i nat i dtheMi@sitsnatienbMAAgE0 gt aip aaddedesfor a retrieval
(01-80-C2-00-00-00) that is the
key when the transfer unit 105 retrieves an output port, where
the MAC addresses are described.
The output port 1072 is a field for describing each
- output port ID corresponding to each destinatidn MAC 1071.
In this field, one or several port IDs and the virtual port
IDs are described.
Fig. 6 is a block diagram showing the details of the
structure of the tree manager 108 in Fig. 2.
The tree contréller 1041A opens and shuts the port
113 and the port 114 by using the port blocking unit 1045a
ahd the port blocking unit 1046A, in order to configure the
logical network (spanning tree) so as to prevent from
generating a loop, according to the information of the BPDU
frames received by the BPDU transmitter/receiver 1042A and

the BPDU transmitter/receiver 1043A and the information from

the failure detector 109.
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. special address for the BPDU, it receives the frame

and perforns the spanning tree configuration

processing in cooperation wth the tree nmanager

1041A. Wen the destination 10 MAC address of the

input frane is not the bridge group address, it

assunes that there has been the input of the data

frame and transfers the frane to the port bl ocking

uni t 1045ATh@hBPBEDLEdhensotét gréeLeey 10408 3 ransmits and
perfornms the sane operation as the BPDU

t r zecriiveer the BRefrEzAdeTinEbdebpaitie Bpadking tret. Upon
1045A opens and shuts the port upon receipt of the

i n§eFgéptontf then £namer Ezomobheopbet 11B841¥he TRRDPOr t

bl ocki ng unit 1045A transfers the frame input from

t hETBPPILE ERRSHPEEEVEF dBAJRr coDfiams othaedogtinahienr MAC

unit 105 when receiving the instruction to open the ]
oOPEAFPRH Th 1 dBRnEFaPEer andmben 4fe fgptRgation MAC is

f he_ f ' f h it 10
B8 LRt B LS R aA RS AP PGt BN Sho Prhad e ene
bl j ' 45 [ [1.1th 25 | t
o B8R Rl 0000, P27 500 | 14 "ERLIVER 1R EBHL anc
f r 88BFor ef 525?' tLa0sf f‘.ﬂ'!n!i . i
rrecei-viﬁgél%ﬂe ‘T: stéuc i%n to@érhut t%%gjg%r}%%e%%?%]é?g B

t ocGobePdfid e RAIM Kre@@n&%é’@hb! 1af W8 d PRetd&& ination
control |l er 1041A. The port bl ocking unit 1046A

peNAOadErtbe ciibRe iQRRIAE Qe 3% AdE tﬁ_@rﬂrjhic_ﬂ@gkﬁﬁptdﬂdress .
1045A. Fig. 7 is a block diagramshow ng the detalls

ofit ressubnest ruhcitutheat hbe beaehutRedehpat o6f e idata frame
Fig. 2. A signal separator 1091 transfers a keep alive
Si@pmtransfers the frame to the port blocking unit 1045A.

The BPDU transmitter/receiver 1043A performs the
same operation as the BPDU transmitter/receiver 1042A.

The port blocking unit 1045A opens and shuts the port
upon receipt of the instruction from the tree controller
1041a.

The port blocking unit 1045A transfers the frame
input from the BPDU transmitter/receiver 1042A to the
transfer unit 105 when receiving the instruction to open the
port from the trée controller 10413, and further transfers
£he frame input from the transfer unit 105 to the BPDU
transmitter/receiver 1042a,

The port blocking unit 1045A discards all the frames
input from the BPDU transmitter/receiver 1042A and the frames

input from the transfer unit 105, when receiving the

instruction to shut the port in order to cut off the network
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input fromthe port 113 to the keep alive signa
transmtter/receiver 1093 and transfers the signa
other than the keep alive spgnal input fromthe port
113, to the 10 tree nmanager 108 through the output of
the port 113. Further, it transfers the keep alive
signal transmtted fromthe keep alive signa
transmtter/ receiver 1093 to the port 113 and the
si doglicadpyt from the tree panagell&P8ipoinbe port
113. A signal separator 1092 perforns the sane

oper ati on Thg perthelechhntg separ 62 P&ifodine kKkepsame
alive signal transmtter/receiver 1093 transmts the
keBpeapt¥ensAgnhhet Borhebdpghingsepatal 6454091 at
predeterm ned intervals, detects a failure fromthe

arrival infeval 18f 2t HeddagrapesBpying the slafrad Ugyof the
t he, 20 Ei%nal separ toi 109&, and noL&fies the tree
maRaner t1be of CHfi EaLipEgderertep 199 vE0 s yfal 2-

i Lrecei 09 f i on,
as the kechoabral Sedrttor AGRd K{Tatsent akreb cogye Sional
254 j f i ' :
coLpPREI BRI AIBLE 1181 ¢d S KEtn P RER (Final

botrgigh Pt e/recd 1y €16 9P 04 A8 Ve Pdnd f&ﬁ ]d%e-le- hei §hdBlother

operation exanple of this enbodi ment w _ .
coritaretttey kRACHINGR A ghaliaihpwict Broff €R8NSErt 0113 J-to the

1, Fig. 30, Fig. 31, and Fig. 32. In the operation

exarge manblgeropes ahirongdnaéheiciggudteof the port 113. Further,
it transfers the keep alive signal transmitted from the keep
alive signal transmitter/receiver 1093 to the port 113 and
the signal input from the tree manager 108 to the port 113.

A signal separator 1092 performs the same operation
as the signal separator 1091.

The keep alive signal transmitter/receiver 1093
transmits the keep alive signal to the signal separator 1091
at predetermined intervals, detects a failure from the
arrival interval of the keep alive signal received by the
signal separator 1091, and notifies the tree manager 108 of
this effecﬁ.

A keep alive signal transmitter/receiver 1094

performs the same operation as the keep alive signal

transmitter/receiver 1093.

[Operation Example 1 of the First Embodiment:

configure a spanning tree without blocking the boundaries
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configuration of a spanning tree and the data
transfer, in a network consisting of the physica

topology shown in Fig. 1, wetl be described. In each

of the nodes 11 to 14 belonging to the network 10 1,
the tree manager 108 on the side of connection (on the
side of the network 1) is operated, to configure a

spanning tree for the network 1. At this point, the

tré@ FRfagerology of Fhg.silde of the existing network
(on the side of the network 2) is not operated yet. )
Si nce the Theet Heflagpreradd asy expapls obdd1isl emhaddment will

RO BE PO I DBy B e <o . 1,
TSR, 20, D450 gkl ghgcl phe netvork 1 becores

(e nodes 4 e SORA MR SREILAR G hSbring cre
CrepEAguL 818y 3E 4 GRS SRR b A bl or, in

f o& Metwde cRAIFHIGg beeths S DD e shBRh in Fig.
set in every link and port and the priority set In

evky ywihblebe aeseribhed.to the nethod described in the

| EEES02. 1D or the 25 | EEE802. 1W Hereafter, the

spanni ng t¥reeacbrdf gheeatbdes A1 v 14 belord g ad theaetwork
the tree of the network 1. After the tree of the

nel mokhe 1tres mappagest ddl% ot Hée 28idd refe aafnreeion (on the

existigﬁ%netmork 2 is configured. Getting stable
MRS (He theanetvarknl bH s weesRbed - faecost hgutremapanning

S .égigf ab the intervals shorter than the tine

i NV SPECRPFERTX LY He HhEiS §OtNfer thAdtEPR TARAGET 104

| e L e bGe, SLCUBture 5. of L he, SRANDL RO LY B8N0 ey
2) is not operated yet. Since the tree manager 108 of the
node 11 cannot recognize the ports 111 and 112, the network
configuration recognized by fhe tree manager 108, namely,
the configuration of the network 1 becomes as shown in Fig.
30. The respective tree managers 108 of the nodes 11 to 14
configure the spanning tree for the network 1 while exchanging
the BPDU frames. One example of the form of the spanning tree
to be configured is shown by the heavy line of Fig. 30. The
form of the spanning tree is determined by the cost set in
every link and port and the priority set in every node,
according to the method described in the IEEE802.1D or the
TEEE802.1W. Hereafter, the spanning tree configured here
will be referred to as the tree of the network 1.

After the tree of the network 1 has got stable, the
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time. In order to configure the tree of the network 2,
the respective tree managers 104 of the node 11 and
the node 12 and the respectihye tree managers of the
nodes 21 and 22 and 10 anot her node bel onging to the
network 2 are operated. The respective tree managers
104 of the node 11 and the node 12 and the respective
tree managers of the nodes 21 and 22 and anot her node
bekeegi 6g die bh@seghgmétﬁoﬂ@rzf HgUént PSRN R ing stable
tree of the network 2 while exchangi ng the BPDU
fr aseas #he Kidte $ntWich ichet BRDOGRRamkl is nd@dnger supplied
transmtting the BPDU frame for the spanning tree
copti gheainbervabhe shes-aemrdger the tiok dobérygalingpecified
the tree of the network 2 defines the MAC address of
t hbYnblde Halde WAGeadanesshefstate hodehich ithe hirge structure
case) previously set according to the setting
|n§?rEQ?|§Rﬁ€H¥Qﬁ trep Be lorgevrrhanges ithanai pradetermined
E the bri dge group address, as the destination
18§ as for the BPDU frane transmtted to the

oo o et el Sl e+
BERIBAES DS ARYB I i bR YUSad S gEB 1, noce 12

11§mdt1¥}?e @%@'ﬁé‘éﬂ% tPelemhhd é%tﬁdtﬁé’fr}@s“gg%ﬁ 32 and

side, namely to the virtua ort

f r @@ehé o Ib@de 2&161@«5@{% ey ddardFiee r@f@&%eﬂa%d The
with the MAC addre t he node previously set

t hee spédt e it1dd wehagerel 102) of ofhé heodonfli Qﬂﬁa{:hénnode 12

unit 100U (the MAC address of the node 11 in this

caa] ,thwirespechivegergeaupnagddresst tdfe taeles 21 and 22 and

desti nati on address.
another node belonging to the network 2 configure the spanning
tree of the network 2 while exchanging the BPDU frames. At -
this time, in the node 11, when transmitting the BPDU frame
for the spanning tree configuration, the tree manager 104
of configuring the tree of the network 2 defines the MAC
address of the node (the MAC address of the node 12 in this
case) previously set according to the setting instruction
of (2) of the configuration unit 100U, not the bridge group
address, as the destination address, as for the BPDU frame
transmitted to the side of the network 1, namely to ﬁhe virtual
port 116, of all the transmitted BPDU frames, and then
transmits the above to the virtual port 116.

Similarly, the node 12 transmits to the virtual port

116, the BPDU frame to be transmitted to the network 1 side,

namely to the virtual port 116, of the BPDU frames to be




10

15

20

25 -

According to the above processing, in the node 12,
the BPDU frane transmtted to the network 1 side with
the MAC address of the node,dl1l, not the bridge group
address, specified as the destination address, is
handled in the sane 10 way as the data frane, in the
network 1, and transferred to the node 11. The node
11 receives the BPDU frane at the port 113 or the

POtk ahdhi tBACBy! BRedebENAEKhRReRUHHBSSwOEnt PRe MAC address
received frame is not the bridge group address, the

abo¥ethé Myt paesesubhyosgh vyhenBPEbkting instruction of (2)
transmtter/receiver 1043 15 within the tree manager
108£favlle aronfiiepurat idre uviandbou ybhé MAOZddHess of the node
transfer unit 105 recognizes it to be the frame

dediti hadthds chsejel hohotbe bridget ganspeadddess, tae the

vi rtual ort 116. The above frane goes through the
vi@?ﬁh%nﬁgipnlqédraﬁ@-arrives at the BPDU transmtter/
recei ver 1044 of the tree 20 manager 104. Here, the

BPDU t r ans?fEEiInede e phover pxoreesinge aBovie node 12,

O et L SRR L0 LIPS e

b o PR AL S0t AW BIREEE LD AQK | i HEASE o] jpagiress,
. b .

{ pibect ffedR LhEAEL L RSB ST 1PhdfRa 15 Lo sane

t hﬁaﬁ(@jﬂf—‘ thd dgtacerihe, MAC afdnessid '-flheaﬂad@ré&sfﬁxéed to

stored --30. in the destination of the BPDU franme,

noglee hddand it hehe naste: 14 decBoVBENEh&IEEDY Firamk’ a8Bthe port
The node 11 receives the BPDU frane transferred

t Nt igir titee nese 14 Andidee e dektdiativn pAIdrekls3 of the

and the processing thereafter is the sane 5 as the

neredeinet] dboame is not the bridge group address, the above
frame passes through the BPDU transmitter/receiver 1043
within the tree manager 108 and arrives at the transfer unit
105. The transfer unit 105 recognizes it to be the frame
destined for the self-node, it is transferred to the virtual
port 116. The above frame goes through the virtual port 116
and arrives at the BPDU transmitter/receiver 1044 of the tree
manager 104. Heré, the BPDU transmitter/receiver 1044
receivés the above frame, confirms its contents, finds that
the above frame is the BPDU frame, and performs the spanning
tree configuration processing for the network 2 in
cooperation with the tree controller 1041.

A£ this time, the BPDU frame transmitted from the node

12 to the node 11 may be transferred through the node 14 and

the node 13. Since the MAC address of the node 11 is stored
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According to the above operation exanple, at a tine

of the spanning tree configuration on the side of the
network 2, viewed fromthe_tfee manager 104, it seens
that there is always one adjacent |ink between the
nodes 11 and 12, for 10 the foll ow ng reasons. The
ports 113 and 114 cannot be recognized but only the
virtual port 116 can be recognized fromthe viewpoint

of ihhenkr 88s¥8RaYebn10¢. tRENEBpHNeraflest LRt h8Be 013188 the
BPDU frame to be transnmitted fromthe free manager

104ote fdeiod/nothahngPeith khbid Friagikl.aeRd Nbdd HiheebBEves the
15 address of the adjacent node (node 11 or 12), the

NOHEBU 18rama 0t #4n Sferoéd Deh R sdty e hddeo M4t Bed the node 13
vi ewpoi nt of the tree nmanager 104. As a result, the
neawothecpoftglilat and thecpgocessihy theréafeernabsgehe same
104, nanely, the configuration of the network 2

beednthe amenhbanetdnabpye.31. One exanple 20 of the
spanning tree configure by this operation is shown by

t he heavy 2¢¢Rréingitp the alrpye operatiommAanle wBtch time
t he de 21 becones a roqt node,of the _ tree _of the

ne? SpanNNRg fxfe COH ;598§@ﬁ11°f‘r%‘?'nt§’&1%?*‘3?i9§;t56 network
| opp,. it | 25 necessary to_ set i nk between, t he .
noae wifvad £iom MECRRGEImAacet Phd, 16 BEetR Bptfihere 1s
tr ' S ' t

o Sfuty S9 SRFEcER LR el Ul SRATKE M (4P 12, for
n e régygk r

nininé§?€?§% t zﬁ%%é§h%?{?ﬁg I'n ;§§%é5h§t$é?:ﬁgﬁg%ﬁ.be

angecdditi 2kl ul? oH1edel K2PLLBE PBEYOL K6 Zcan@d®Idecognized
the cost of the virtual port 116. As a nethod of

et aig e vidgpehmadef thd Odrdeonotiger 1. tdinab aite

is the special |ink connected
destination of the BPDU frame to be transmitted from the tree
manager 104 to the virtual port 116 is replaced with the MAC
address of the adjacent node (node 11 or 12), the nodes 13
and 14 cannot be recognized from the viewpoint of the tree
manager 104. As a result, the network configuration
recognized by the tree manager 104, namely, the configuration
of the network 2 becomes as shown in Fig. 31. One example
of the spanning tree configure by this operation is shown
by the heavy line of Fig. 31. This is an example in which
the node 21 becomes a root node of the tree of the netwofk
2.

In order to prevent from generating a loop, it is

necessary to set a link between the node 11 and the node 12

'to be always a branch of the tree. In the case of using the

usual spanning tree protocol, the link between the node 11
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to the virtual port, an identifier such as a tag and

a, flag inserted into a frane can be used, besides
usi ng the above-nentioned ebst, and any ot her nethod
can be used as far as it can set the |ink between the
node 11 and the node 10 12 to be a branch of the

‘spanning tree. The above operation will be similarly

performed on the network 3. Wen the tree manager 104
of asdnthgunprdg LRecanrbe setthe het avbkaBchnofhthaotree by
13 transmts the BPDU frane to the network 1, the

nofarimal i gaBai thet aasBrpl thanbinkthetweenctimaiode 11 and
adgkess gf {?e node _14 attached to the desti nati on

MAEPS AP @S st € oV TIPS | TP e BSAW R K - 1nERReYvi FRBaFost of
Pothe B 0B 98 bR G ECE Y anaser
th ' ' f,.t t k b . Sh

g8 PR P g S AEBL BLEERTER) 53 B Whhncctea
COpg i RY Qﬁ.xaﬁféin‘#g)&#é{q%r{%@%lgfgfef’ 4ch &5 raogggnggg a flag

of the tree of t romthe viewoin

- thensetved kiseo | & SRANED dn the JaYY bédfded Nud sy the

actual spanning tree, the node 13 and the node 14 are
Cldbotd-rigori eeed @bdwe) ,ardd WtHer meékbhdd MEWRA used as
25 fromthe network 3, the node 13 and the node 14

seftaw ta ie cannsetethed linlkdatwaldiethel hbde $1b&gdudee node
the adj acent nodes 13 and 14 seemto be one link in

t 2 rea viag ke hrammh bk dibee si8rntimgy nodee 13 and t he

node 14 are connected with each other by a path of

the node Ihe) gbpyelgppyathenneihbrie 1similawly qeanfgrmed on
spanning tree_ Simlarly, when the node 14 transnits

t H'BBIWOrEE - Bhep grhe e ae BanREREgéP 4108 aqnfiimuring the

nq:tr\/\ég lé)fltgzia %eet(v}or}:qc \éi {rtl l%:?lle node 13 transmits the BPDU frame
tq the network 1, the node 13 transmits the BPDU frame with
the MAC address of the node 14 attached to the destination
MAC address to the side of the network 1 (the virtual port
116). The network configuration recognized by the tree
managers 104 of the nodes 13 and 14, namely, the configuration
of the network 3 becomes as shown in Fig. 32. In this example,
the spanning tree configured assuming that the node 31 is
a root node of the tree of the netwbrk 3, from the viewpoint
of the network 3, is shown by the heavy line.
In the actual spanning tree, the node 13 and the node
- 14 are cut off from each other, as shown in Fig. 8. Viewed
from the network 3, the node 13 and the node 14 seem to be
connected with each other. This is because the adjacent nodes

13 and 14 seem to be one link .in the network 3, and because
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port 116), in order to configure the tree of the
network 3, it transnmits the above frame with the
destination MAC address of _tfie node 13 attached

t here. Upon conpletion of the spanning tree
configuration 10 for the respective networks 1 to 3
according to the above operations, the | ogica

t opol ogy of the network (spanning tree) converges

| nttheanbdenipr axanthagnbaena heepcodhéct8AWPLE &ich other
the configuration of the conpleted tree is shown in

Fi y 8. p8thceft hhet nedecdBflgdlationbyathesndependi hgin the
on 15 the paraneter such as a link cost and the I|iKke,

i t agbuelnspanningysrbecone the tree configuration as

shown in Fig. 8, in the network having the physica

t opol ogy ofindlarly, mhem shempede Ad tueasnihee-henBPRY frame
tree thus configured, in the same way as the usua

nefhBRKERG tries Pauapprel ¥4 & Aher vetvark il gidle pohehyirtual

frame, t sfer is perforned_by determ ning the output
deg?f:ﬁa{f%h' ﬂ&?r\ﬂ%lrhtPe‘F‘é?gﬁégr? & %?r&ﬁgrﬁir FESnneEW"rk 3,

et et P R R Zvﬁ%f%#e?vﬁe%&i‘r}f”%eﬁogﬂvﬁﬁ%ddress
. k.

L oSe SBHE ndlY B9 ad LD B o LY L ot or i ned

based on tﬁ&ﬁ%@a@@@{rﬁ%%eﬁhefsﬁgﬁniﬁgp&&%%é rcﬁ%ﬁ.d&l‘ation

the address learning units 1.02 anhd 1067 t

t hoi Nyign et @l Neetierie It udd PUdcddbi @Ndd Rhe above
-33 virtual port 116 may be witten as the output port

| noprduea t 1@ e sthkd I @ik 10 Adpo e GRSt etk NEpanning
when the address learning units 102 and 106 of the

i nvege ) cronasrges tindalestfiowat iprevent iy foase ofldde. The
frame input fromthe 5 virtual port, it is necessary

t eXaRrle ofetherconfiperation of the completed tree is shown

in Fig. 8. Since the tree configuration varies depending on
the parameter such as a link cost and the like, it does not
always become the tree configuration as shown in Fig. 8, in
the network having the physical topology of Fig. 1. By flowing
the data frame on the tree thus configured, in the same way
as the usual network, it is possible to transfer the frame.

This frame transfer is performed by determining the
output destination port with reference to the comparison
between the destination address of the frame and the contents
of the tables 103 and 107 in each node, in the same way as
the general network. Although the contenfs of the tables 103
and 107 are determined based on the source addresses of the
input frames in the address learning units 102 and 106, the

node of the invention contains the virtual port 116 and the
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not the port receiving the above franme, into the

tables 103 and 107, as the output port correspondi ng

to the source address of thgsabove frane. Even when

one of the above three spanning trees is 10 in an

unst abl e state, packets never |oop. The node 21, the

node 22, the node 31, and the node 32 have only to be

t he conventional spanning tree-conpatible node and do

noVirtyalrporhyldpemayl beperatten. af Coke adutpuExpopt ein the

2 of the First Enbodinent: single failure occurrence

i ntehéeRelMBrrnd119Reincaond opeeat i daceRdimpydyi nwhee the

first enbodinment w | be concretely described in

deFéﬂFeﬁFtﬁe?EFéFﬁn‘éﬁlFﬁ £pg. and 1@ of sthejnventiey learn
hj s operatjon exanpl the_operation in

Fi 9. Ip.t ,
 hENE Q8BS CHBAEFOR" { 40| KRS GRehr PF rghe nEEMES o} RPYRetrom the

PR SATINO e ST KTt DR IR kL 116,
I q o | : ¢

Fart o e B S ESPRUR e M, apdfe Wiihe {18, Ble' £9018s 105

angnd heg Podes 1éhe 20utPut NSoPET MO Ko SN A Y ﬁ%gthé'source

assune that the tree " of the configuration shown In

Fi gddfeds sPNEhGUISGvACELARNY toO the operation shown
in the operation exanple 1 and that -34 the tree is

stabl e. | Evdl wisimione viieBha ABovdrthhes Gsantiieg tirees is
the link between the node 11 and the node 12, keep
alivear nmrsabvile dtatde parketre nmisteactloond09 has been
transmtting regularly at 5 the short intervals does

not arriv&heonodepPddethemodel 23 mehe node 31, and the node

32 have only to be the conventional spanning tree-compatible
node and do not require any special operation.

[Operation Example 2 of the First Embodiment: single
failure occurrence in the network 1]

The second operation example in the first embodiment
will be concretely described in detail with reference to Fig.
1, Fig. 2, Fig. 8, and Fig. 9.

In this operation example, the operation in the case
of a failure occurring in one of the four links forming the
network 1 will be described in the topology shown in Fig.
8. In this operation example, the description will be made
assuming that a failure has occurred in a link between the
ndde 11 and the node 12.

In the network shown in Fig. 1, assume that the tree
of the configuration shown in Fig. 8 is configured according

to the operation shown in the operation example 1 and that
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and nore, and therefore, the failure detector 109

transmts the failure detection signal to the tree

manager 108. The tree managek,108 reconfigures the

tree within the network 1. Tﬁis reconfiguration is
performed at a high speed 10 according to the high

speed spanning tree algorithmoperated by the tree

manager 108. One exanple of the tree after the

r eepef kgeeatisogtiapishown in Fig. 9 (the shape of the

tree varies depending on the cost of the node and

l'ink and tha tHike}atdb viapadidigd r@ h8€ cdoeed in the 1link
reconfiguration, the BPDU frane of the tree of the
nebetwied the bwdea disandttde odeha 2, tkesp radnagefrafés which
of the node 12 fromthe tree manager 104 of the node
11thadfahbuBppietechnr d09% hastheen diransaindtimy keglagly at
be transmtted to the tree manager 104 of the node 11
20theothese intes virdSagees Tont grrine fota predatpsnined time

have .been 25 trapsferred by using the |ink directl )

coRRE TRy tarT%{ i”rg&g efore,nghe h%'i%db"@d fetsetere1p ﬁ gtransmits
fi ' i)l be .t [ t

pabREchbarE e thEt tameo1anal hES e thes Spatdagghcto6

LA and L fhd AR e bhAlddon TGAC BB LIEDGERin the

pat h, however, Is accor
re bokirat ipge i : A t
O Has, L R QO OlF £ PErPRembl ol S HORH ppeed

t hge Pt ding icere hiafH apbedl $SaSRANG e d A8§orithm operated
configuration of the network 2. This is beCause the

BRfY fhearired nididdarea 08Qf ohleeeRanpPekof tBeNOfee after the

processed by the respective tree managers 108 of the
nocdecdrif bndea tisomaike siibvandin (Fide Noddse shape of the tree

varies depending on the cost of the node and link and the
like).

According to the above reconfiguration, the BPDU
frame of the tree of the network 2 to be transmitted to the
tree manager 104 of the node 12 from the tree manager 104
of the node 11 and the BPDU frame of the tree of the network
2 to be transmitted to the tree manager 104 of the node 11
from the tree manager 104 of the node 12, which have been
transferred by using the link directly connecting the node
11 and the node 12 before the reconfiguration, will be
tranéferred by using the‘path connecting the node 11, the
node 13, the node 14, and the node 12 sequentially.

The actual transfer path, however, is changed
according to the reconfiguration. Viewed from the tree of

the network 2, since there is no change found in the cost
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5 13 and 14, but the port to transfer the frame to the
network 1 side is always the virtual port 116

constantly, fromthe viewpokft of the tree of the

network 2. Although the frame is not transferred

before conpleting the reconfiguration of the tree of

the network 10 1, this period is very short and

therefore, even if the BPDU frame of the tree of the
nebwarthe?pabpylid hevér argeerkethd 8pahiengained Kodf Bglfation
and di scarded before conpletion of the

r eofinthgueiwark 2i.t Thisnbé HirianicedhasBaDy aftdniee ofThhe tree
is, taking one exanple, because the tree nanager on

t hefsitbe oetwbrkh2 hetmotkpfodessetisbyhthei sespgebive tree
the continuous three frames as a failure, as for the
BPoanpgare 198 nf thensetlet bl angbAdveahpdei k2 enal \int fihe nodes

.seconds and the reconfiguration of the network 1

wi 1P #rd ddhpbutethe Pabo o skanséesnthe dranetoythe network
Si ce.éhe.res ective tree ma a%Frs 104 of 20 the ngde

HOE S ¥ Theg ¥ §xitnd 1oy egngkapfiy, from the

d h f th h d by th
Bk Be Tt 6k e MOr AR BE ACE R 2 S T eot s the
i ti 3 .

cont T our A Alod D SIBK B 5, AL AP Yirore
ne&&ﬁﬁfe@in?:t e Vsl f £5lSat 16n NG WOUK 2l b Nohe network

network 3. Further, a | oop never occurs In any place

W 1 hithid berAeldvwps krer3N ¥ horteadll iNerdf®re, even if the BPDU
reconfiguration and -36 before/after the

- r efoambe @ aheoirek dhechetiwivordk 2 EGpalat bontizxesPeered to

3 of the First Enbodi ment: single failure recovery in
t heheatetordrk ] 1 Tisdd Fndl diperatded ex@Eoqs eomplidicion of the
first enbodi nment
reconfiguration, it is not detected as a failure. This is,
taking one example, because the tree manager on the_side of
the network 2 detects the missing of the continuous three
frames as a failure, as for the BPDU frame to be transmitted
generally in every two seconds, and the reconfiguration of
the network 1 will be completed in about one second.
Similarly, since the respective tree managers 104 of
the node 13 and the node 14, for managing the tree of the
network 3, detect no change of the path caused by the
reconfiguration of the network 1, it never affects the
configuration of the network 3.
As mentioned above, even when a failure has occurred
within the network 1, it never affects the network 2 and the

network 3. Further, a loop never occurs in any place within

the network, any time during the reconfiguration and
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5 wll be concretely described in detail with
reference to Fig. 1, Fig. 2, Fig. 8 and Fig. 9. In
t he operation exanple, the description will be nade
about the operation in the case of recovering a
failure occurring in one of the four |inks formng

the network 1, 10 in the topol ogy shown in Fig. 9.

This operation exanple will be described assum ng

t heefartdafter hhei ngeconfilguedtiont b thénkebednkeeh.

the node 11 and the node 12 is recovered. In the

net wor k shbWperativy Expnpdssdms thetFitst Embedimenthesingle
conflguration as shown in Fig. 9 is forned according
15fpdleRe Bpepvervninnthearetvweykt he operation exanpl e

2 and that,the tree is stabilized, In this state, .
when a | i nkb§ éﬁ%’i}ﬁeoB@Fﬂééﬁnt fEamRle im thenfirak ¢fkrdiment

r bt PR Rerore Tootesgn e LRISFhA. whEhitetarion o Fig.

2041 vals.:The f ai detegctor 109 stops the
fa}fﬂéggdZ%bcg%ﬁ'sébﬁéﬁ S h%li%d to the tree nanager

e

108. Acc [ t [ .Ss, 1 ) .
T A& IR LAE dfer PELSRITPEnBlcAsdIdt r8B8%dring a failure

according to the high speed spanning 25 tree al gorithm

opsralesiny imerdd &f reHRIRIud 08 nk & ity tMe W& work 1,
tree after reconfiguration is shown in Fig. 8. Ow ng

t ain hdrer eopologyrstiowim int AégBPRU Thianepetathen-&7ampbe will
of the network 2 to be transmtted fromthe tree
mrrgescridedosshmingdehdt ¢ Eailarer bevimgagecutfddoin the
the node 12 and the BPDU franme of the tree of the

nekifd betweshdhe neda thle@nd dtha hode d@ rignagsoviEyed.

of the node 12 to the . .
In the network shown in Fig. 1, assume that the tree

of the confiquration as shown in Fig. 9 is formed according
to the operation indicated by the operation example 2 and
that the tree is stabilized.
| In this state, when a link failure between the node
11 and the node 12 is recovered, keep alive frames will arrive
at the failure detector 109 again within the specified time
intervals. The failure detector 109 stops the failure
detected signal supplied to the tree manager.los.
According to this, the tree manager 108 reconfigures
the tree within the network 1. This reconfiguration is
performed at a high speed according to the high speed spanning
tree algorithm operated by the tree manager 108. The state
of the tree after reconfiguration is shown in Fig. 8.

Owing to the reconfiguration, the BPDU frame of the
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5 tree manager 104 of the node 11, which have been
transferred by the path sequentially connecting the
node 11, the node 13, the pgge 14, and the node 12 in
this order before the reconfiguration, can be
transferred by using a link connecting the node 11 and
the node 12 directly. 10 Although the transfer path
can be changed according to the reconfiguration,

howeeerof nhechatgork touse transhe tted brafdHd ereestanager
and the like, fromthe viewoint of the tree of the

nefl@idr kf2thadnober élote, thé teeermahégetsiOdheof the node 12
configuration of the network 2. This is because the

BPBRdf FhaeBEBUoframe of etheftrée aft hbekn@twerko? to be

processed by the respective tree managers 108 of the
noBkansnifradi1drem iy toee menager 18Adef Hdheogde142 to the
anggthe ort tqo transfer the frane to the network 1

si

eg @%}%@% 104e0f the Brdgot L/ Mibi Gy hevanbegn transferred
B HIESHER Bl O e Lo Eef Rt it T e noae
! PR SR ST S AAEE £ Al iden fbqsare the
PPy AR AL JEhd el i M0 oy (RO 5 M
capfdd i@l chdndd recyfd AHatidie 13 diddcig). be

detected as a failure. This 1is, taking one exarple,

because t i tHagyHBhagerans £féhgatlieicer Ke%lﬁérﬁ’%ed according
detects the mssing of the continuous three -38 franes

asta the nercenfdsdrativie BBWUvEkamot ch&egér bosfedrnddin the

generally in every two seconds, while the

r et iapgd dtieorcosn artke thet ddike 1 fnidn dhe odmepipetied: iof the

about one second. Simlarly, since the respective tree

miRferaf te gretwork 2 and therefore, it never affects the
configuration of the network 2. This is because the BPDU frame
of the tree of the network 2 is not processed by the respective
tree managers 108 of the nodes 11 and 12 and by the node 13
and the node 14, and the port to transfer the frame to the
network 1 side is always the virtual port 116 constantly,
from the viewpoint of the tree of the network 2.

Though the frame is never transferred before
completion of the reconfiguration of the tree of the network
1, this period is very short, and‘therefbre, even if the BPDU
frame of the tree of the network 2 should bé transferfad to
the network 1 and discarded before completion of the |
reconfiquration, it will not be detected as a failure. This

is,_ taking one example, because the tree manager of the

network 2 side detects the missing of the continuous three
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5 the node 13 and the node 14, for managing the tree

of the network 3, detect no change of the path caused

by the reconfiguration of the network 1, it never

affects the configuration of the network 3. As

menti oned above, even when a failure has occurred 10

within the network 1, it never affects the network 2

and the network 3. Further, a | oop never occurs in

anfrpheceasi d [fiailuree astfwr kheaBPDUI firameiric et bransmitted

reconfiguration and before/after the reconfiguration

of geheradiwoin everyOpwpaseonnésanphéle bhet hecenfsguration

Enbodi ment: 15 configuration of the spanning tree by

t hensébgnaetypskodyyil¥nbef somphetpdr ani shovkafpeeseaond.

the first epbodinent wll be concretely described in

detai | witRAiPefeFticSingerthe regpecihive trgeiaragrs 104 of
node .of fourth ,operation

CxERBr B8 LanGpantRE) noder Lt Fak hhAaiRh ERs Pog of the
2, f h i i ff f h

‘ mithok E??Prﬁgggésﬁa?ig oEnBRGE ok o bR LbEERT baupedi by she
eEecORERBLELLLoRCoRTENE Melibic! 1 ANPL Shefht| abfocts the

10cohbegagh¥bl dfi Pgé Udebydpkthe nodes 11, 12, 13,
and 14 of the invention, simlarly to Fig.. 1. The

network 2 Agelewdaonedcabsdes edden 2Rendd A3 ur@Hastd®eurred

network 3 includes the nodes 31, 32, and 33. The nodes

- 381 2Hih cclid8 nentthodk 1p 33 nderetobfiievest bhdamdtwvkdeand the

of the invention but nay be the conventional spanning

t reetwories3 . [Furtthemodelbep amyen ddmimetimoakylplade within

tree manager 108 is used to configure the spanning

t rehe gretwerket Ry ktime during the reconfiguration and
before/after the reconfiguration of the network 1.

[Operation Example 4 of the First Embodiment:
configuration of the spanning tree by the second topology]

The fourth operation example in the first embodiment
will be concretely described in detail with reference to Fig.
10. The structure of the node of the invention in the fourth
operation example is substantially the same as that in Fig.
2, but the number of the ports is different from that in Fig.
2,

The operation enabling the configuration of the
spanning tree and the data transfer will be described in the
topology shown in Fig. 10. In Fig. 10, the network 1 includes
the nodes 11, 12, 13, and 14 of the invention, similarly to

Fig. 1. The network 2 includes the nodes 21, 22, and 23, and

the network 3 includes the nodes 31, 32, and 33. The nodes
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51. At this point, the tree manager 104 is not

operated yet. Thus, the BPDU frane is transmtted and
received in the port 114 ang9the port 115, while the

BPDU frame is not transmtted and received in the

port 111 to the port 113. Hereafter, the spanning

tree configured thus is referred to as the tree of 10

the network 1. The operations up to here are the sane

as 2Heo 28purchBilarp R adphet havaf terbe hke mosle of thiseinvention
network 1 has got stable, the tree of the network 2

i sbesnPRyuPBdthEcFPRHENELaRRd ARARBINghEreeanedes.

o et "¢ B S nEHE S 058 ) ERe gt A e hnager

or DR ek H Pradtahte st bbrmite' ofe bF he Sovwor
d ] 4 L T 11t 1t

Phe° ARDTHTE B viEn, 30, £k iarldie Dot T, bORcr deqa vee.

NagkhLy, tihd %@gwb§£ P00t 1165 Qg gﬁd %Péééi\k;&%sthg port

be transmtte the ‘tree manager 104 for conflguring

t he1d rafl ehetp@rvatiworkn2le WH sbbE feshd Nat hel tMMfemitted
address previously set according to the setting

| nstd ueidedivedl iG2thefpdie 1aantbotictdort unit B&Pshftdr, the
this 25 case, the MAC address of the node 12), not the .
br$phyen ine Upreeadongigurad ahhedis hesferi@dridoaakythéheree of
node 12 transmts the BPDU frane to -40 be transmtted

t cchenaetatondy R - 1ITheopnationshaprtot bate pore thel8amefas the
the BPDU franmes to be transmtted by the tree manager
1ReERE3IPR HxXamEke nht i on MAC address previously set

according to the setting instruction _of £2) of the
After the tree of the network 1 has got stable, the

tree of the network 2 is configured. Getting stable means
the state in which the BPDU frame is not supplied at the
intervals shorter than the time intervals specified by the
Hello Timer and the state in which the tree structure of the
spanning tree no longer changes for a predetermined time and
more.

| The node 11 transmits the BPDU frame to be transmitted
to the network 1, namely to the virtual port 116, of the BPDU
frames to be transmitted by the tree manager 104 for
configuring the tree of the network 2, with the destination
MAC address previously set according to the setting
instruction of (2) of the configuration unit 100U (in this
case, the MAC address of the node 12), not the bridge group
address, attached there.

Similarly, the node 12 transmits the BPDU frame to




10

15

20

25

5. configuration unit 100U (the MAC address of the

node 11 in this case), not the bridge group address,
attached there. The BPDU fragge transmitted to the
network 1, fromthe node 11, wth the MAC address of

the node 12, not the bridge group address, specified

as the destination MAC address, is 10 handled in the

same way as the data frame in the network 1 and

ar bevesansmibeedogs thd nEt&orkansf €imdBy kAt hehvsrti188 port
may be via a Iink connecting the node 11 and the node
12116j, retthe BPDUIfrdnes podee t¥aasthitthedbdecHed L réki sanager
is because nothing is perfornmed with the frame in the
nod@413wahl the deStnndeidrn MBCaaddrebe MAESyaddsbgsset

the node 12 is stored in the destination of the BPDU

f r 3RECrdRagteothfiesabbiBgopesbriohionhef spateoHetheen

the nodes 11 and 12 seens to be one adjacent |ink, .
f r GAPERBUTIT EAR oA o0 el W ARG gddressoR Lt fhe node 11 in

AT e IR B RIS bS5 RS e
e, OBt AR AE fod h AEERE B gm e
o JEAEh oL echao A of BT LT BN P8 brscoe
o g specaessieheSanonan eta o phecplarbic, i

oth@idle@titpd s die wesdasThBeaRaYe PPENALIRNNE Idetifork 1
performed simlarly on the network 3. Wen the node

13and ansmiviess tadte thlfDdoldeane .f Then tians feeepaeagerc s time
of configuring the tree of the network 3 to the

vimaywde poirg & I6ink heompstet 8y ttlensodes T hearlBPRheés node 12
frame with the MAC address of the node 14 attached to

 tdlrectly or via the node 13 and the node 14. This is because

nothing is performed with the frame in the node 13 and the
node 14 because the MAC address of the node 12 is stored in
the destination of the BPDU frame.

Owing to the above operation, the space between the
nodes 11 and 12 seems to be one adjacent link, from the
viewpoint of the spanning tree on the network 2, namely, the
respective tree managers 104 of the node 11 and the node 12.
This is the same as the operation example 1.

It is necessary to set the link between the node 11
and the node 12 to be always a branch of the tree, in order
toprevent from loop generation. Although as one method, there
is the method of using the general spanning tree protocol
by minimalizing the cost of the virtual port 116, the other

method may be used.
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destination MAC address, to the network 1. Simlarly,
when the node 14 transmts the BPDU frane fromthe
tree manager 104 to the virtaml port 116, in order to
configure the tree of the network 3, it transmts the

BPDU 10 frane with the MAC address of the node 13

attached to the destination MAC address. According to

t he above operations, when the spanning tree

confi gur at T ghve apensdtivor kwilllt be3pésfovmples tmjlarly on
the tree |l ogical topology (spanning tree) converges

i nthe PedvgiK 35 Whgnthe Bedp i sxansgiss| top BPIbIrame from
t opol o is represented Qg@the heavy line in Fi

. 10.
|t *R8 MRS 9SS t04nSF f %Jegw#%éﬂ)@/_tﬂewﬁgghﬁ@etwork
goherdt O TN SRR S o L b % mooo
| ' 0L t.abl t.e; t
nevens Sert e Mg oAd-J YE S 5:0e o, AR o ehe
N8 Binad {6 AL adifcedld {dG ModR i dave, only to be

spanning tree conpa nodes, no.nebessity of
any ot her gigfitiizgular vABAM eid Hdde i%ﬁiénﬁ%@i&%@bﬁoé frame
e

of the First Enbodinment: 25 configuration of
S parvh el teeel Mahhgetiod dPRNOGYFtudepbiEt D16, in order

-operation exanple in the first enbodinent wll be

canx cené€ligudesthie hetea of ddiainlketwolkh 3 pfidr epraasind tEi ghe BPDU
-42 11 and Fig. 12. Wth reference to Fig. 11, the

ndAmES wirkh tihe Madk adiiresrse cfddde tnodiehd 3natbimdhel ito the
Fig. 1, in this operation exanple. As a result, the

r

nafd oy MACr@esly®ss-104 in 5 the nodes 11 to 13

‘manage the tree of the network 2 and the

According to the above operations, when the spanning-
tree configuration for each network 1 to 3 is completed, the
tree logical topology (spanning tree) converges into a shape
capable of preventing a loop. The tree topology is represented |
by the heavy line in Fig. 10. It is possible to transfer the
frame by flowing the data frame on thus configured tree,
similarly to the general network.

Even when one of the above three spanning trees is
in an unstable state, packets never loop.

The node 21, the node 22, the node 23, the node 31, the node
32, and the node 33 have only to be spanning tree compatible
nodes, with no necessity of any other particular operation.

[Operation Example 5 of the First Embodiment:
configuration of the spanning tree in the third topology]

The fifth operation example in the first embodiment

will be concretely described in detail with reference to Fig.
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respective tree managers 104 in the nodes 14 to 16

manage the tree of the network 3. Fig. 12 is a bl ock

di agr am showi ng t he structurg of the node 12 in Fig.

11. 10 The node 12 shown in Fig. 12 is different from

the node 11 shown in Fig. 2 in that a port 125 is

added and that there are two virtual ports 126 and

127 in total. In the node 12 belonging to the network

1 amdahdvFbg. Lhe tree manager for the tree of the

network 2, the virtual 15 port neans the other

adj acent rid)idﬂlamfetﬂm‘rc&a aeFiihe Vijttile ruedd 45f andttige node
nunber of "the nodes belonging to the network 1 and

half ngre hrdded s adiug @ethark Heinr Eégef 11 hin nehiwrdperation
2". In this enbodi nent, since the node 11 and the node
136X%P$%sp%ﬁdat%eswér ot rregpertive ore arwxqqfers 104 in

ﬂg beI 20 to_the network 1 and having the t
ltlhéwt tdeMapRIe Hehd dinis @fzfthef PSFrWPFnE 7 and the

t f th de 12 t t
ng?“gé’éﬁt{% $1% Hrtagein [Ehrin Bhe madtes i e 1 manage
q%; IQ@ éﬁ%ﬁ t 126 is a virtual port for
connec ng 5 FANS unit 105 with the tree
1 t
(the BPOUTTi s 2 E tml%@%??ragﬁsm%ﬁ?%’h% grure of

atérac hashd a4 hig desgi nati on) which has arrived _43_ at
the node 12 through the port 123 or the port 124, from

the tree mweagerdel@2 whblhnisheigode2 lils AeEfererdt #m the
arrives here through the other port fromthe node 11,

i mddealll1sshbwnginisigerd dnnehasoa aortto 1di5sdar addde and that
frame by the tree manager 5 and the transfer unit.
there are two virtual ports 126 and 127 in total.
in the node 12 belonging to the network 1 and having
the tree manager for the tree of the network 2, the virtual
.port means the other adjacent node and there are the virtual
-ports for the number of "the nodes belonging to the network
1 and having the tree manager for the tree of the network
2". In this embodiment, since the node 11 and the node 13
correspond to "the other adjacent node and the node belong
to the network 1 and having the tree manager for the tree
of the network 2", from the viewpoint_of the node 12, there
exist two virtual ports in £otal; the virtual port 126 and
the virtual port 127.
The virtual port 126 is a virtual port for connecting
the transfer unit 105 with the tree manager 104 and a port

- for passing the BPDU frame (the BPDU frame with the MAC address

of the node 12 attached to the destination) which has arrived
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The virtual port 12 7 is a virtual port for connecting
the transfer unit 105 with the tree manager 104 and a
port for passing the BPDU faane (the BPDU frane with
the MAC address of the node 12 attached to the
destination) which has arrived 10 at the node 12
through the port 124 or the port 125, from the tree
manager 104 within the node 13. This tinme, the

 opé@tatthen nedgbllZnghrbegbobhegppati 883 of the ppahnidg, from

tree and the data transfer in the topologg. shown in

Fi §he1trep mansgeded s ividdhin thennede lHodBhpalafgiomg ssrives
thﬁpnet rk 1, the tree nmanager 108 is used to . )
co Fsu’\flgf?‘rféh $herpther Bgd sFomHeie pedRot ke inikdadppetting
poi nt tree manager 104 i

t t d t.
P8 ek ubl) ad B Loe it Soar R ar: PHAe B the FEpagRRnager

2. EﬁrgggtgganESrs€ﬁgging tree thus configured is

referre 0 as {ree of the network 1. After

Lhe L1 ohng e ASithled 19 0 ALABL pd e scbr Sptlccing

st 8h& tPaMbi&h ddee BRIV WitaMR Hes 3@k aHRRLESJ18E LRE a port
intervals shorter than the tine interval s specified by

t hfo 2 paldeling dihéBeDaNE-dnke (EhatEP DU E Wahé Friithethé BRC address
structure of the spanning tree no | onger changes for

t hef prhedatdeihadthched vy dheodestiddtibre) Mdehlhas arrived
transmts the BPDU frane to be transmitted to the

nedotle Inodeell filuatigh tithe heomet Vbt korl the qught: t125, from
port 113 or the port 114 via the virtual port, of the

BPEhe tregrgsanagdre 1Ghrehihindtlby-nede 13ee manager

104 configuring, K the tree of the. network 2, with the
desti nati InEimgarElag operation enabling the configuration

of the spanning tree and the data transfer in the topology
shown in Fig. 11 will be described.

In the node belonging to the network 1, the tree
manager 108 is used to configure the spanning tree of the
network 1. At this point, the tree manager 104 is not operated
yet. Thus, the BPDU frame is not transmitted to the network

. 2. Hereafter, the spanning tree thus configured is referred
to as the tree of the network 1.

After the tree of the network 1 has got stable, the
tree of the network 2 is configured. Getting stable means
the state in which the BPDU frame is not supplied at the
intervals shorter than the time intervals specified by the

 Hello Timer and the state in which the tree structure of the
.spanning tree no longer changes for the predetermined time

and more.
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previously set according to the setting instruction of

(2) of the configuration unit 100U (in this case, the

MAC address of the node 12)44n0t the bridge group

address, attached there. The node 12 transmts the

BPDU frame to be transmtted 10 to the network 1,
specifically to the network I by using one of the

port 123 or the port 124 through the virtual port 126,

of t he BPDrhémanriesll arbasimiassthé BeOUBrdfetdbeetransmitted
manager 104, wth the destination MAC address

pr &¢i bhel| yetwmrideospeng ficaliliretoetité mgptiweatk Ucthoough the
of (2) of the configuration unit 100U (the MAC

adBPESs1B ohetheaeonty §i{ tHiss theswe)jirtnel phet, befdiee BPDU

grgup'address, attached there. The node 12 transmts, .
t hETBBRE ¥9 beetranseittaddiy thedtres nanagast WeAcanfiguring

ifjcally.to th t k 1 b [ f th
pOFHe1555%,9% FBSBFEVESS € hribiigh HiiRe SpRELRAL LR HAG Sddress
e Ge T ] AR TR T e bt LS8 ot (2)
: . he. p . .
O SR SRR 40041 i e 8 A aarees
adgr e Rbad 19)Nods: LReiBridis g‘f@ﬁ?adcﬂ.‘gsé,hSttQE'hga%here .
group address, attached there. "25 The BPDU frane

transm tt ethd follBa NeFaREKI s theosPhie raf@dt bé tMddhitted
the MAC address of the node 12, not the bridge group

addo edss nepeoirki B spsedilte gty et the MAwadnesg, usBng one
-45 handled in the sane way as the data frane within

t hef ridenwpokt 112 hiod the ipces: AL 4t beroodie tha vikeunddeotf 126,
receives the BPDU frame at the port 123 or 124. Since

t et adet BRRY iforamegdkedye tafansind tteceby ethef tare manager 104,
the bridge group address, the 5 sanme frane passes

t Bkl e desppination MAQ addresseipravirowdy set according

to the setting instruction of (2) of the configuration unit
100U (the MAC address of the node 11 in this case), not the
.bridge group address, attached there.
| The node 12 transmits the BPDU frame to be transmitted
to the network 1, specifically to the network 1 by using one
of the port 124 or the port 125 through the virtual port 127,
of the BPDU frames to be transmitted by the tree manager 104,
with the destination MAC address previously set according
to the setting instruction of (2) of the configuration unit
100U (the MAC address of the node 13 in this case), not the
bridge group address, attached there.
The BPDU frame transmitted to the network 1, from the
" node 11, with the MAC address of the node 12, not the bridge

group address, specified as the destination MAC address, is
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within the tree manager 108 and arrives at the

transfer unit 105. The transfer unit 105 recogni zes

that the above frame is a ftieane destined for the

sel f-node fromthe node 11 and transfers it to the

virtual port 126. The above franme passes 10 through

the virtual port 126 and arrives at the BPDU
transmtter/receiver 1044 of the tree manager 104. The
BPbandilednsmi thiesameerway vaes thddatacetrams wilthiabewhe network
frame, confirns the contents of the frame and finds

t hat ang axrives BRDWHer apde 12ndThéemdelZoresetiives the BPDU
spanning tree processing for the network 2 in

cobpergt #brith mPthd 28r @8 kht ruines theadestdnatipheaddress
BP f{]arre transmtted fromthe node I | to the node
12y BakeCe Yot girate ifdet #henhridgenggeupsaddress, the

dcRERRAHUIE BROCHE BRUTH ARe BHOH beagsra thery sPRgaver 1043

AP R0 B AL (SR P, RO ppter o
frog% t he 0ode, dedre Mt H%Swe‘gg%gg:i??% d@gg{:{lﬁ}égo‘gﬁox}é"frame

not the bridge group address, _
depd | ot Qi RV for RaRILed raRdab’ ARSHEEREChdde 11 and

the sane way as the 25 data frame wthin the network |

angr g foes iad tbheh@edethhl pAeeot 2 Ndhe abBeeBPPhne passes
frame is not processed even If passing through the

nodecdibglantche heimodel pbrt 482 6iand atdnivddheaBRINE fRRDE
transmtted to the network 1, fromthe node 12, with
t Her aysiseredeadivdae 19ddeof3the nnted mankgiedg204t dTipe BPDU
address, specified as the destination address, is _
eI g [ et iarged04 4 neveinerthaphoye fivagedatonfirms
frame wthin the network 1 and arrives at the node 13.
the contents of the frame and finds that it is the BPDU frame,
and then performs the spanning tree processing for the network
2 in cooperation with the tree controller 1041.
Here, the BPDU frame transmitted from the node 11 to
the node 12 may pass through the node 14 and the node 15.
Since the MAC address of the node 12 is stored in the
destination of the BPDU frame, nothing is performed with the
frame in the node 14 and the node 15.
Similarly, the BPDU frame transmitted to the network
1, from the node 12, with the MAC address of the node 11,
not the bridge group address, specified as the destination
address, is handled and transferred in the same way as the
data frame within the network 1 and arrives at the node 11.

Accordingly, the BPDU frame is not processed even if passing

through the node 15 and the node 14.
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Accordingly, the BPDU frame is not processed even if
passing through the node 15 and the node 16.

. According to the above operatgons, at a tinme of the

spanning tree configuration on the network 2, viewed

from 10 the respective tree managers 104 of the node

11 to the node 13, it seens that there are al ways one

adj acent link between the nodes 11 and 12 and one '

adj acent | BihkibetrhgerthchePDUdBEsamel 2 randmittedheo rhaspeatwork
is as follows. The ports 123 to 125 cannot 15 be

redogfireadthgunodal y2t hwivhr thal Mpor addiessanfl 129 nede 13,

be recognized fromthe viewpoint of the tree nmanager
10806 the r hddr Jpoumsiaddraste gescifdedoasothendespmation
frag@ to be, traqsﬂ%%ted fromthe tree manager 104 to

t h89GFPERal 1phen and transdernad Hn rdevaeng urEsas the
of | acent, .node .20 (node. 11) he nodes 14 to 16
CREE B SPTG R, BhRRER T, b aTRGTe dito thpeBode 13.
ma ] I t vent froml oo eneration, .
TRAGEE Ly TR BBDY! Pe e HE ok A0l Ok BT  HRpsing
t POEEh afda £ N e, node 12 and the

ngglé 13 tég%% al \/\gy%sz‘%ng l\r{%(rirti:kaEé]Of1 he tree. In the

case of UdibAdihd!TeRLhEPFHHTE bpdF£Ei PO Ok, 508 of the
i nk between the node 11 and the node 12 and the [ink

b edt paereni ri et sl e drf B4 fioM Qsie thie GRtwrIsel, Aewed from
be a branch of the tree by mnimalizing the cost

bethe aresperd ined e ree madatibes nbile d2 A nidde ¢0Sto the node
between the node 12 and the node 13 viewed fromthe
netdwik feemg thatetthedeobraskivays lome rddaranagbini Between
recogni ze that the above links are the special I|inks
cdfedosiest d 1t gad 12 and one adjacent link between the nodes

12 and 13.

The reason is as follows. The ports 1.23 to 125 cannot
be recognized, but only the virtual ports 126 and 127 can
be recognized from the viewpoint of the tree manager 104 of
the node 12. Since the destination of the BPDU frame to be
transmitted from the tree manager 104 to the virtual port
126 is replaced with the MAC address of the adjacent node
(node 11), the nodes 14 to 16 cannot be recognized from the
viewpoint of the tree manager 104,

In order to prevent from loop generation, it is
necessary to set a link between the node 11 and the node 12
and a link between the node 12 and the node 13 to be always
a branch of the tree. In the case of using the usual spanning

tree protocol, the link between the node 11 and the node 12

and the link between the node 12 and the node 13 can be set
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virtual ports, an identifier such as a tag and a f |ag
inserted into a frame can be used, besides using the
above-nentioned cost, and agy. ot her nethod can be
used as far as it can set the link between the node

‘11 and the node 12 and the link 10 between the node 12

and the node 13 to be a branch of the spanning tree.
The above operation will be perforned simlarly as for
t heo betavydarth Yenhtherds agy MR iihgOlheheosddsetween

14 configuring the tree of the network 3 transmts

t heh8PDudér dilreahd the dAddaeldoakd lthéroogh bdievemmtthe node
143 or the port 144, the node 14 transmts the BPDU

f r dfeanft hhehsofiaCladui ewsd of rohethedeetwsrktZached to

the destination address to the network 1. Simlarly to |

t he node 12$ & Rethed«ct Makisgs Fhester mepROgLT ilﬁﬁerQ@gnlze
be transmtted tqQ the network | by using_one

t hERPbrihe sPse tlﬁ-ékﬁom-‘e 150 (3RStight e FPB&?CEsﬁt to the

Jfansmited by the.t

TeFAEEYSL BPE L B ARSI VAL ARG L FLag inserted
prf?fw‘;c? l@lijfﬁn%t Fg.%\hﬁe I\d%% a%%rsi%%soﬁ %?gsgﬂge ]:élo %%(fntloned

this caseé he™ bri ge group

thes €, ZahPldly Jhhbrd ﬁeEﬂSdneglz ﬂ@ugé@ a@og%trlés it can set

transnits the- BPDU frane to transmtte o the

NEENO Kink e tipbdlg GE ndie (I 4 ltHohdYe (12 A tthe link
155 through the virtual port, -48 of the BPDU franes

t bdardemnsie tiede by2 tdl tilee dRgEy tddbe aVBrarddle of the
destination MAC address previously set (the MAC

adsppassimnf tiwenode 16 in this case), not the bridge
group address, attached there. 5 Wen finishing the.
spemiaipve epamtfiiqquwiiliilobef performed similarly as for the
network 3. When the tree manager 104 of the node 14 configuring
the tree of the network 3 transmits the BPDU frame to the
network 1 through the port 143 or the port 144, the node 14
transmits the BPDU frame with the MAC address of the node
15 attached to the destination address to the network 1.
Similarly to the node 12, the node 15 transmité the
BPDU frame to be transmitted to the network 1 by using one
of the port 153 or the port 154 through the virtual port,
of the BPDU frames to be transmitted by the tree manager 104,
with the destination MAC address previously set (the MAC
address of the node 14 in this case), not the bridge group
address, attached there.
Similarly to the node 12, the node 15 transmits the

BPDU frame to be transmitted to the network 1 by using one

of the port 154 or the port 155 through the virtual port,
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the respective networks 1 to 3 according.to the above

operations, the tree topol ogy converges into a shape

capabl e of preventing from-ags4oop. The tree topol ogy

is represented by the heavy line in Fig. 11. It is

possible to transfer the 10 frane by flowi ng the data

frame on thus configured tree, simlarly to the

general network. Even when one of the above three

sp&ifintig BRDSeErémes ito he tnshshi eted dyethpactes maneger 104,

| oop. The node 21, the node 22, the node 31, and the

no¥ethithgodgahénahignt YAGeadganasnprevbeusbypact bl the MAC
necessity of any other particul ar

des, with _ _ _
ggéséff?\émﬁ. of EFhe diade rLg N i cAsBdi Reht fheparidge group
effﬁéts of tggs gngodénent wi |l be described, 20 next.
Hi PHEFEES 7 aBEEPEIRY 58FRe shape of the topol ogy
b M| cat ed d th nb f _the. nodes.
DecOTeS e YT, T oRER U BB AR on con

t akgg £ﬁ§p%ﬁgfg§rné£ﬁ8ﬂﬁg f°€$i%;ég?éﬁg%ﬁgagﬂgﬁﬁetéﬁﬁ¥e

25 |Int odi nent, owever,

Spapatrfdiohs E&HL Pel Vl:%’ﬁb cBnlRgekel Yt S ¥REBY capable
it i1s p055|b1e to shorten the configuration tine of

t hef sparfinmtding €eom 49106 M@%&Qt&ﬂ@lé@ﬁfiﬂtﬂ@ﬂéﬁbnted
of the spanning tree owing to a failure, the

cOpw eritéd bealyt Btheiiqueighangesit hiss poerfibger 8bi ©fansfer the
gradual ly whil e stopping one of the network |ocally,
antrame dryeflawingdos idatre fiirenevml eemet wor€iqured tree,
stops the network tenporarily even in a place distant

f rofllaely 419 e aengrahqetssinkon. This enbodi ment,

however, . .
Even when one of the above three spanning trees is

in an unstable state, packets never loop.
The node 21, the node 22, the node 31, and the node
32 have only to be spanning tree compatible nodes, with no

necessity of any other particular operation.

[Effects of the First Embodiment]

The effects of this embodiment will be described,
next.

Hitherto, according as the shape of the topology
becomes more complicated and the number of the nodes
accommodated into a network is more increased, it takes the
longer time to configure the spanning tree.

In the embodiment, however, by dividing the spanning
tree into every domain (in every network), it is possible

to shorten the configuration time of the spanning tree.
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can restrict the failure affecting area to a m ni mum
by dividing the spanning tree into every domain. 10

[ Second Enbodi ment) Hereinafjgr, a second enbodi ment
of the invention wll be described in detail with
reference to the drawi ngs. The second enbodi nent of
the invention is different fromthe first enbodi nent
in Fig. 2 in that the function of 15 the tree nmanager

104 is furyhen cﬁ}?&ha%l@%dtﬁé Corlf RRIFBNRALHT A Bpah@ng tree

function of the failure detector 109 is further

expatidgdtasa iz £ tir! eonfentQ9halatdchAaiuad EhanBes the
bl ocking unit 110 is added. In the second enbodi nent,

whennthgufationegdetiealdy wR01409%opieiegtona obubhe network
failure, the frame blocking unit 110 cuts off the
potecahly, nanid in lerdethde esconddiguredehet whodbynetwork, it
preventing | oop generation even in the multi-failure
oc8tiPPEnklee fetidrk fenpenard iy mylea fiai pupdacei gistant from
IS ﬁ bl ock di agram showi ng the structure of 25 the n

odENg 1534l iErey OQCuLEIRY PPl £ 108 heThist FRb e e iowever,
The_tree manager. 104A perfor t he operation of ., .

SRR TS FibrE AbHErS BHEPCEIne P Ao DIBLAMHER bY
ungt r50 110 in a in whjch this node becones the
Foatvigind Che SEMALE (i IO KR e Lt ee
manager 104 in the first enbodinment. The failure

detector 109A perforns the following 5 operations of:

(1) regul gideedintBddinkhtkeep alive frames to the
port 113 and the port 114 in the predeterm ned short
tinme Hereinafter, a second embodiment of the invention
will be described in detail with reference to the drawings.
The second embodiment of the invention is different
from the first embodiment in Fig. 2 in that the function of
the tree manager 104 is further expanded as a tree manager
104A, the function of the failure detector 109 is further
expanded as a failure detector 1094, and that a frame blocking
unit 110 is added.
In the second embodiment, when the failure detector
109A detects a double failure, the frame blocking unit 110
cuts off.the port in a node other than the root node, thereby
preventing lbop generation even in the multi-failure
occurrence as well as in the single failure.
Fig. 13 is a block diagram showing the structure of
the ﬂode 11 in Fig. 1, according to the second embodiment.
The tree manager 104A performs the operation of

transmitting a root node signal to the frame blocking unit




10

15

20

25

intervals, (2) receiving the keep alive frames from

the port 113 10 and the port 114 and issuing a

failure signal to the tree _Dmnager 108 when the

arrival intervals of the keep alive franes are beyond

the predetermined tinme intervals, (3) witing the

failure information (flag) detected on the side of

the port 114 into a failure bit area within 15 the

ke ativ t [.ABSHI ' :
ot RO € S A LAEER thRR ARAT R R RorS prder n
opRadk t¢onnedeLhd: obératebREt bRUtRe § 86 RaEGEET €04 DYN the
the node 13, according to the failure bit area (flag)

W Ehirptt BRbkaeRentive 20 franes received on the side

of the port 113, and (5) supplying a port bl ocking

signal to The fahbere bll@ekdbor und A 13 fduems tHiee following
failure on the side of the port 114 in (3) and the

f abperetidenscofd by the node 13 in (4) sinultaneously
occur. 25 The frame bl ocking unit 110 perforns the

fol | owi ng bhkemadudrerlof tranpmittingf keep iyl tvfe fames to the
input fromthe port 111 directly to the tree, manager )

1 0B BnbLE rand rBhe PABELLH o The PAMetasRiRsRligrt time
to,the tree manager 104A, and transferring the frane
subBF?Eﬁaf§on1the tree manager 104A toward the port

from the 1 0e AERAGARY he KesRor M VR msiite £R4RRHSBore 113
di éﬁétéﬂe t;gtlzf‘@ e:l. Pngrén& sﬁ:[‘n’c% hf ﬁ%l?@l#’gs gérﬁrﬁafol{é the tree

bl ocki ng gnha oes not arrtve e fallure

deh 864 Q& 1094 wf(d)_;l? gandl £55iwh1 Wiethisraidi St nokle ksep Ne1ive

root node or not
frames are beyond the predetermined time intervals,

(3) writing the failure information (flag) detected
on the side of the port 114 into a failure bit area within
the keep alive frames transmitted from the side of the port
113 and transmitting the above information to the opposite
node 13,

(4) detecting a failure detected by the node 13,
according to the failure bit area (flag) within the keep alive
‘frames received on the side of the port 113, and

(5) supplying a port blocking signal to the frame
blocking unit 110 when the failure on the side of the port
114 in (3) and the failure detected by the node 13 in (4)
simultaneously occur.

The frame blocking unit 110 performs the following operations

: of:

(1) transferring the frame input from the port 111




- 10

15

20

© 95

(2) discarding all the frames entered into the frane

10 blocking unit 110 fromthe port 111, the port 112,

and the tree manger 104A ang;.bl ocking the input and

the output of the ports, in the case where a port

bl ocki ng signal has arrived here fromthe failure

detector 109A and this node is not the root node, 15

(3) transferring the franme input fromthe port II

di décekylyottbhehéreseemnageferd QbR athd hdef FaERel Dpphit from
from the port 112 directly to the tree manager 104A,

" si kheapbyt @2t Héereasdyoto(tihe andef mehbger 104A, and

transferring the frame supplied fromthe tree manager
1088apshRargingetherframe supplijetiinpm ¢hehsrpermanager 104A
and the frame supplied fromthe tree nmanager 104A
tomwarﬁhghﬁw?rgllzlhiqquﬁ dFa khepport112]l and the frame
case mﬁerg ? Eort blockiﬁg signal _has arrived here

f r BHPPhLC af FEPeth8t BEEB MR GRF ahBdbnEevABd e PREE 112
ro . Since the t manger controls whether this .
nodbrP8ETy S e poEe 102, PR HGe ke el 8 HeFbdiseking
10 [ t .aho i.nfQr L.an h

sgial b, R YE TR R S Metdor 100

‘iggﬁééﬁr@ieéé‘%f SAhSHAC W& Abode8 sf fhbULSoHeh 8L Br not),

A keep alive signal transmtter/receiver 1093A

perforns te) WakkawdidgoREl AHeORSaRbs dddeddRNW LhEF rame
a keep alive signal to a signal 5 separator 1091 at

prietiedlet mg nadi € i 10 ifoar taleSpot?) 1det eehengodt fH12 Urgnd the
fromthe arrival interval of the keep alive signa
r ey guatpbyert hE) 44 gival slepdeiatort Heé inpwn chmb tiHey ik put of
it to the tree nmanager 108,
the ports, in the case where a port blocking signal has arrived
here from the failure detector 109A and this node is not the
root node,

(3) transferring the frame input from the port 111
directly to the tree manager 104A and the frame input from
the port 112 directly to the tree manager 104A, similarly
to the case of (1), and further transferring the frame
supplied from the tree manager 104A toward the port 111
directly to the port 111 and the frame supplied from the tree
manager 104A toward the port 112 directly to the port 112,
in the case where a port blocking signal has arrived here

~from the failure detector 109A and this node is the root node.

Since the tree manger controls whether this node is
the root node or not, the failure detector 109%A can obtain

the above information from the tree manager 104A.

Fig. 14 is a block diagram showing the details of the
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(3) witing the failure information (flag) into a 10
failure bit area within the keep alive signa

- described in (1) and transn%éjing the sane signal to

the opposite node 13 through the signal separator

1091 when the keep alive signal transmtter/receiver
1094A has detected a failure, (4) receiving the

failure notice detected by the 15 opposite node 13
acgerdcrgrbookhenbakhyt grenfecaatbenifbhag) of the
failure bit area within the keep alive signal received

t hrough tha Regpahlbepasbdnal 10Pdnsabetéb) reepdben N0 $3A
port bl ocking signal to the frane blocking unit 110
whpaerfofrms| the 6olilbwisgdepefathenpoof: 114 20 in (3)
and a failure detected by the node 13 in (4)

si mul t aneo(}) ytoarsmitiing kedeee i vbive ghitgnal to a signal
transmtter/receiver 1094A. perforns the follow ng

 opERREF8ESrol 991 13t t PERdeternhned kime Ent¢wvalgnal to

a signal 25 separator 1092 at predeterm ned ti_ng
i nt erval s, ({ pPekecddiong ¥l fEof, e @ 1¥al yakerval of

G B, i S 5590 b S e B ST Bt B 1091
. and, i fyi | i i |

Crandhorkly g8 i o8 08 E3 T TR el et on-

wh det eciy ng-@a a3 | ' Ne T TN -

of etn he geggﬂdq% olJ?glneérﬁe:e fEg'plélr%') aet ilE)n at ;' Jiq{hneq%%)e thto a

Si fig But@IBil Qred’ GA¥Rie LAkl HE8p QCEVET£16RA1 T(litTﬂscribed in

operation exanple 1 of the second enbodi nent w
(1) and transmitting the same signal to the opposite node
13 through the signal separator 1091 when the keep alive
signal transmitter/receiver 1094A has detected a failure,
(4) receiving the failure notice detected by the
opposite node 13 according to the failure information {(flag)
of the failure bit area within the keep alive signal received
through the signal separator 1091, and |
(5) supplying a port blocking signal to the frame
blocking unit 110 when a failure on the side of the port 114
in (3) and a failure detected by the node 13 in (4)
simultaneously occur.
| ‘The keep alive signal transmitter/receiver 1094A.
performs the following operations of:
(1) transmitting a keep alive signal to a signal
separator 1092 at predetermined time intervals,

(2) detecting a failure from the arrival intervals

of the keep alive signal received by the signal separator
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be concretely described in detail wth reference to
Fig. 1, 10 Fig. 9, Fig. 13, and Fig. 15. In the
operation exanple 2 in the fisst enbodi nent, the
operation in the case where a single failure has
occurred, has been described. In the second

enbodi nent, the operation in the case of the double
failure where a single failure has 15 occurred and

t han9anahbehotaEkihg hasteceHer edeevinhhaber deser mhad.

In the network shown in Fig. 1, assunme that a failure
occurs in &3)inktbEyieenthhekeopealivansli ¢iel node 12,

the tree of the configuration showmn in Fig. 9 is

f okredsaitbedi ngcedven LA83Bpefathenfaaling debaction when
described in the operation exanple 2 of the first
enBe8PAERDY anfaikherst dfe(dd-the tree is stable, the

root node of the tree of the network 1 is the node

13, the robtPewRleioR Eramplecl 7L e RecRpd Brbdipent:

ode 11, .and that th t he t f
nePREFRESE ot 8 EHES bBes 1Rt eonEebiNERe NG o £ Aig ure

th s set as the root node of the spanning
trgggﬁgf%éé iof the network 1 to the -54 network 3. In

the net mrﬁéogg’f‘g@ﬁbﬂee)gﬁﬁkﬁié‘} & thgesém% ei'n%okﬂm%ﬁtt will

as the root e node 1 set~to serve as

rogé duiie-difeltyacReWRd Znaddeiie vﬁ%erle%ér%n%%t tbOrig. 1,

serve as the ' root node of- the network 3. In

net @I ko 1, Fiheni 3 f hendiopleg 1219 the node 14 |s set as
the root node, the node 12 is set to serve as the

root node mf thecopernbibnZenntplde imodhelflirst swibddiment,
serve as the root node of the network 3. The failure
detke operd®@anvin bhe ¢dwe whereld single failure has occurred,
has been described. In the second embodiment, the operation
in the case of the double failure where a single failure has
occurred and then another failure has occurred, will be
described.

In the network shown in Fig. 1, assume that a failure
occurs in a link between the node 11 and the node 12, the
tree of the configuration shown in Fig. 9 is formed according
to the operation having been described in the operation
example 2 of the first embodiment, and the state of the tree
is stable, the root node of the tree of the network 1 is the
node 13, the root node of the tree of the network 2 is the
node ;l, and that the.root node of the tree of the network
3 is the node 13.

One of the node 11 to the node 14 is set as the root

node of the spanning tree in each of the network 1 to the
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transmts the keep alive signal fromthe node 11 to
the node 10 13 through the port 113, with the failure
information (flag) indicatigg that a failure has been
detected in the node 11 just after the occurrence of
the failure attached to the above signal. Thus, the
node 13 can recogni ze that a failure has occurred in
the link between the node 11 and the node 12. Furt her,

t haetaokur 8. deheeher nd€94riti 1 i whéhet®dgodd 211 or the node
transmts the keep alive signal fromthe node 12 to

t he3 nsdeedidas htlmugtodthengelar,t th24 nodiet M1t he $atl tweserve as
information (flag) indicating that a failure has been
dethetmabt nodieeof deenélwpukt2 abhdethe modecddrissed b serve

the failure attached 20 to the above signal. Thus, the
no@é thechpot crodni of thatnetweonk | dr elhatheqetwexk ik when

the Iink between the node 12 and the node 11. \Wen
anbRROdeih2uPE bReHTe 14 KE FRhkeDdthRe&RothBOdRedkhe node

13 d th de 14 in thi tate, .si the k [

2517 s b APoReRE FodiPs ERBRaRPYot TEdin AECHORKof Sid the
t 34 of t d th 14 t
R B9 4 Y e o sBR0% 37, 518 GPPE"Rete 7 B plifbvork 3.
th det ' : : ]

Fail o daseiare eGSR HIREe vt RS 11,
ca&mw%theakéagl A Py daS HEOUERSH tHe ddife 1Ko the node

bet ween the node 13 and the 'node 14. At this tine, the

faid ltmodl@heﬁh@fpdﬂ&i\lgf, ﬁrb@hrﬂﬁefaliuﬁetiﬁf@ﬁnébﬂon (flag)
node 11 that a failure has occurred in the 1link

beinvdkiaratirey tida B3 fadduirbehaedbedd, deeeetdd npn tithd heode 11
failure information (flag) within the keep alive
sijpret afteansm otedrrenaedft hberfdd urk attackedttchtbe above
recogni zed t hat
- signal. Thus, the node 13 can recognize that a failure has
.occurred in the link between the node 11 and the node 12,
Further, the failure detector 109A within the node
12 transmits the keep alive signal from the node 12 to the
node 14 through the port 124, with the failure information
(flag) indicating that a failure has been detected in the
node 12 just after the occurrence of the failure attached
to the above signal. Thus, the node 14 can recognize that
a failure has occurred in the 1link between the node 12 and
the node 11.
When another failure occurs in the link between the
node 13 and the node 14 in this state, since the keep alive
frames which has been regularly transmitted from the port

134 of the node 13 and the port 143 of the node 14 at the

- short intervals will not arrive for the predetermined hour
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a failure has already occurred between the node 11 and
the 10 node 12, according to the failure information
(flag) within the keep alivegsignal transmtted from
the node 11, it recognizes the situation of the
double failure by detecting a link failure between the
node 13 and the node 14. Then, it issues the double
failure detection notice to the frane 15. bl ocking

uniandlhbre/N the ugdsgdia: fveara ilheekgegedBbts1ilf9a of the node
receives the double failure detection signal fromthe

f ailBueaddéhechode 199%%en theow ridnet [ deldilngeubhiaks d&Bueted in
the node 13 never cuts off the port 131 and the port
132hgeddndke beftwreenesheanader 132@n#é04hei sodecdivi ng t he

root node signal. Simlarly to the node 13, the

fal | ure deféckhis tggre, &het Faidoge dateetprri@2A ofethe node

S&e tEat a failure has occurred in the |link
be Attheefobke 1m0d@dl } HddHode frd Lurge bgedPagursednén the

oo aitkpr %%%ép”?%%%%c&%{ﬁ? and mtn%%ek%ﬁﬁcégzstﬂagg to the
Iﬁggg%ég 1hP8EmRei8h LEfads Rk IR AR REED PR 1TSS dnar
h I
LT e ok hod BASEA AL e o
Si & Updi Dir&Thdd e Qe ddidireR @étw%%heehbnﬁoael 19Ky and the

failure between the node 14 and the node 13. Then,

| sno@s 1he adeidhldd nigatb Uk lge deligGire &n'f@ﬁ:m‘“aﬁlbﬁogflaé) within
bl ocking signal) to the franme bl ocking unit 11 Si nce

t hiehé rlaeep babike ngigmal Hddhahitbed npeem léhdasode 11, it
received the port blocking signal fromthe failure
derecognizaddhe asiduhsdonoof reveidoblchdaidatrenbyeletecting
signal fromthe tree
a link failure between the node 13 and the node 14. Then,
it issues the double failure detection notice to the frame
blocking unit 110.

Although the frame blocking unit 110 receives the
double failure detection signal from the failure detector
109A, the frame blocking unit 110 of the node 13 never cuts
off the port 131 and the port 132 because the tree manager
104A is receiving the root node signal.

Similarly to the node 13, the failure detector 109A
of the node 14 transmits the node 12-that a failure has
‘occurred in the link between the node 13 and the node 14,
according to the failure information (flag) within the keep
alive signal transmitted toward the node 12. Since it has

-recognized that a failure has already occurred between the

node 11 and the node 12, according to the failure information
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manager 104, it cuts off the port 141 and the port 142

so 10 to disable the frame from passing through

between the respective portssJd4l and 142 and the tree
manager 104A. The failure detector 109A of the node

11 detects the failure occurrence between the node 13

and the node 14 according to the failure information
(flag) within the keep 15 alive signal transnitted
freinkhg wodeid 8he NS allRGef 1 i E ¢ ridgrs ke dlf8% @he node
the node 11 has already detected the link failure
betnegentt becogatzéd 8nd sheunetlenldf ther €60BDezE€&8ilure by
the situation of the double failure and issues the
podetebtdoki aglingnfiaileréhbetwaer btheckodg L4 andlthe node
20 Al though the frame blocking unit 110 of the node 11

r edei- VR hatpigguds bbeidouisledalilhrendetect it oogice (port
detector 109A, it never cuts off the port 111 and the
pob@OEEQHBeéagaél)th@ th@efﬁamggbloqbnngsuﬁébel%@ng

-the root node signal. The fail]ure detector 109A of

node' 12 0ot 6EeS W TraBe RIS nG ok $38cob i pdentt has
13

.ﬁ?%?%\f?@dﬂ%% Poit G ofkingrattiueh Tidh FBSFRRANES detector

FOOR, ribpas et ig C%gg(%dl‘zhﬁirswae?ég 5 h%‘{l%%?éf&it fhe tree

li I Ve t qg%g t
re@%%%é%sm‘?hgféltuatl on o iﬁéﬁo% h‘f%l | Ure andé 142 so

| spelegidIS1POFRe ﬁaﬁﬁélﬁgozﬁllgamlﬁ@ ol g1 B BAGK] ik
unit 110. 5 Since the frane bl ocking unit” 110 of the

Nogkes gec t i P@ Sporae el /B hddl el PP dnd | 6K | #1865 i gid g 010 4A.
the failure detector 109A but has not received the

root node Wigyfali latendébectore 09mbaEgEle kbl liltdéBects the

found that this node is not the root node.
failure occurrence between the node 13 and the node 14
according to the failure information (flag) within the keep
alive signal transmitted from the node 13. Since the failure
detector 109A of the node 11 has already detected the link
failuré between the node 11 and the node 12, it recognizes
the situation of the double failure and issues the port
blocking signal to the frame blocking unit 110.

Although the frame blocking unit 110 of the node 11
receives the port blocking signal from the failure detector
-109A, it never cuts off the port 111 and the port 112 because
the tree manager 104 is receiving the root node signal.

The failure detector 109A of the node 12 detects the
failure occurrence between the node 13 and the node 14,

according to the failure information (flag) within the keep

~alive signal transmitted from the node 14. Since the failure
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This agrees with the bl ocking condition of the port,

and 10 therefore, the frane blocking unit 110 cuts off

the port 121 and the port 122 so to disable the frane
from passing through the respective ports 141 and 142

and the tree manager 104A. According to the above
operations, the node 12 and the node 14 are cut off
fromthe respective networks 1, 2, 15 and 3.
Acaetdi8eky10SAN6E ae@mma®hla@na@9baH§OEeEEeted the link
networks 1 and 2 and the networks 1 and becones only
on€ailareobgtwasn behe rmeadntiad shidorhec abtel 1Q, att 08écognizes
the network 1 to the network 3. At this tinme, since

t heheositnatitonf ofathendowbi& fail@fe nahdchaswges, thdeport
data transfer continues wthout interruption, in the
sahﬁOQEynﬁsSbGnéletohbhﬁcﬁnam@hbb0©klngh@nihllbﬂe .

Viewed fromthe tree of the network 2, the node 12

seens as |$11F‘fe e ArABEEPIerKinG Wrd $llvef theomodgel2 has
tree netmorFFB al so the node 14 seens_as

i f
| Frantied e PereprarIng R lfgtqnbﬁhresfeh%\;\ﬁe dptector

ar B0t o b5u i v BB ot R il Eoofare eree
-t t‘kﬁaﬁ;&%gg“ '1'09@“ PO 1s §§uh8 tq'lascaghgghﬁe&cgé ge ﬁéit tti% fﬂc’t node.

general use

noﬂ?l#a P&Uttﬁ tlaik?c gﬁe cfﬂ?:h rkgg?%ﬂodrt and

are p05| |one wthin the st

steHd 8o tﬂ@f@aﬁz@%é@%’ﬁ{ %‘i@;mﬂ@aé@té Qﬁfg%ﬁ@r[%rt 121
subscri bers directly, even |f the node 12 and the node

ldanditbecpbrofifl2F somé iE sl eot ke dddnee tthiom SX88Dhe ,through
there is no practical problem [Operation Exanple 2
ofthéhereSpeond vienpoditsehdl and 142 and the tree manager 104A.
According to the above operations, the node 12 and
the node 14 are cut off from the respective networks 1, 2,
and 3. Accordingly, since each connection point of the
networks 1 and.2 and the networks 1 and 3 becomes only one,
a loop can be prevented from occurring across the network
~ 1 to the network 3.
At this time, since the root node of each network is
not changed, the data transfer continues without
: ihterruption, in the same way as before the occurrence of
the failure. Viewed from the tree of the network 2, the node
12 seems as if it had a node failure and viewed from the tree
of the network 3, also the node 14 seems as if it had a node
failure. This situation is shown in Fig. 15.
In this state, the node 12 and the node 14 are cut

~off from the network 1 to the network 3 and the communication
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operation at a tinme of recovering fromthe single

failure 10 ---"the double failure) The second

operation exanple of the seceggd enbodiment will be

concretely described in detail with reference to Fig.

1, Fig. 9, Fig. 13, and Fig. 15. In the operation

exanple 3 in the first enbodi nent, 15 the operation

in the case of recovering the single failure has been

deder disdbled thiexeop&hathengexnampl enskhehopetakiod pair of

in the case where after the occurrence of the double

f aither spdeoihd éndl the hade bebn aiet av gradia;, ofesbket nodei b3 and

the state of the single failure, will be described.

20the npRdendévwerk mmqmectuvg.tmn ddsustation pfothe relay

failures in total have occurred in the |link between

thétRS&@nf1§n§n§lpﬁ§ ﬁ88¥ mevaﬁdapﬁomwedatﬁktb@tqegﬁral
% g the_node 14, the tree

coﬁFF’@ﬁFé PoR HSﬁﬁtﬂ-H'Fﬁ‘&enljéf FEefB?%dl%c%ﬁidF% pede 14

h been, d _
opSFALPBR BERnpF En1ong ERESGEED N ERnCAl rotanphe, there is

stage r93t¥9§%65§8b?éﬁ got stable, the root node of

t he t ee o work 1 is the node 13, the root

node of th t tywor .
and t hat tﬁ% root%%d%?%?t%e&%fét e%ﬁ%ent
| Sop&ea D d8. a Pemefot hfeé@sﬁ@rﬂﬂgtﬂrérﬁ‘etmdeﬁﬂé‘lé Sfalzl.lure

set as the root node of the spanning tree in each

 t hetiet Wordksl el fai1hirejWien the node 11 or the node 13

is set as the root node in the network 1, the node 11

I s set to Bergecandidperaidiomedenpbé offhichestwonld enlsodiment

the node 13 is set to serve as the root node of the

nefinek kesconprete he desde ibedoin e aiddei il ieference to Fig.
l, Pig. 9, Fig. 13, and Fig. 15.

In the operation example 3 in the first embodiment,
the operation in the case of recovering the single failure
has been described. In this operation example, the operation
in the case where after the occurrence of the double failure,
one failure has been recovered, resulting in the state of
the single failure, will be described.

In the network shown in Fig. 1, assume that two
failures in total have occurred in the link between the node
11 and the node 12 and in the link between the node 13 and
the node 14, the tree of the configuration shown in Fig. 15
is formed according to the operation having been described
in the operation example 1 in the second embodiment, the state

of the tree has got stable, the root node of the tree of the

network 1 is the node 13, the root node of the tree of the
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set as the root node in the network 1, the node 12 is

set 10 to serve as the root node of the network 2 and

the node 14 is set to serves@s the root node of the
network 3. The failure detector 109A within the node

11 transmts the keep alive signal fromthe node 11

to the node 13 through the port 113, with the failure
information (flag) 15 indicating that a failure has
beaetae-&CP elk ivhe Redaote, ldnd jursit ahbefodbode of the tree
occurrence of the failure attached to the above

si gfiaktheTheswotrke3nddethd aeder @3ogni ze that a failure

has occurred in the |link between the node 11 and the

node 12. FOnehsf thehesoflei Lireo ddicecbde 1094 widthiais the root
node 20 12 transmts the keep alive signal fromthe

" noBede2ofothAespapainadtreeoigheade pbrthaaetwprkstheto 3.

failure information (flag) indicating that a failure '
ha¥nBBehh@cRede el i9F thhe st 1B isysetapsekhengoot node in

occurrence of the failure_attached to the above
of ENGINCSHRFE 1q fhienBaEe1 A lchh TS dhSREYenas SBearoot node

ot %q‘%&%%%?r%%i‘f“ﬁ Hrdle o 28 45€ ?fd%%ee\fﬁr“’?eﬂsﬁlfhs root
2 .6 . . . .

noiagdos othd AR 3§ NEERTLe 4GaS O B IR 14 i

fasdtr 5 1 PAOT FEGL Olbdd |ﬂ9)t%é ek Gad40 g hale a‘ﬁfgé i s set

has been detected in the node 13 just after

ocEdIé@nee 4 thee rlodit! noRedbirachednbewbhR 2DHYE fhe node 14
signal. Thus, the node 11 can recognize that a failure

haks et utd efetve tde thakediet waste tde Hldendisvarrkl 3 he
node 14. The failure detector 109A within the node 14

transm t s ThHee fleddmral idedeitgnallF9romitthd madee hbdeo 11
th&rgggxits the keep alive signal from the node 11 to the node
13 through the port 113, with the failure information (flag)
indicating that a failure has been detected in the node 11
just after t'he occurrence of the failure attached to the above
signal. Thus, the node 13 can recognize that a failure has
occurred in the link between the node 11 and the node 12.
Further, the failure detector 109A within the node
12 transmits the keep alive signal from the node 12 to the
node 14 through the port 124, with the failure information
jA(flag) indicating that a failure has been detected in the
node 12 just after the occurrence of the failure attached
to the above signal. Thus, the node 14 can recognize that
" a failure has occurred in the link between the node 12 and

the node 11.

The failure detector 109A within the node 13
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13 through the port 144, with the failure information
(flag) 10 indicating that a failure has been detected
in the node 14 just after thgsoccurrence of the
failure attached to the above signal. Thus, the node
12 can recognize that a failure has occurred in the
link between the node 14 and the node 13. The node 12
and the node 14 detect the double failure 15 and they

ar e fagishies the Ky anqde QE%BHQ ARINRHe AoBR"13 & the node
root node of the néetwork 3 herefore, the node 12 and

thal ohdeudd thespeeti VB y wilth ehé fdvliied Lafb2hatidn (flag)
122 and the ports 141 and 142. In this state, assune

t handtiibatingkthat | argabbirvedias Hedmhdetedeel3 iandhehaode 13
node 14 is recovered. Since each node keeps

t r duskiafigemthaedomeralde/of threafleslate @dacdegd to the above
intervals also during the failure occurrence, when

t heigaplur Bhus, rtrowiadsl 1% arr aecogaizeetbeton i@@hure has

of the node,13 turns to be able to receive the 25 keep

“al PEEUFFEfeint FReubink h%eﬁ‘es??n 18he aRodeel § Ard v node 14.

The fai| UFER HEoIERG SRETHEST | HORGTORBI (e mAe 1

6 4. Th h
norriEalpR ke %hal%ﬁs? et #m %ﬁ% Q?%@ﬂgge node
T3 fRR eRE s oG pEpnate BRANGEPEIREERpon (2ag)
t hf-‘ndif@@t:?t‘nj Vighat N &a it1hARS Halst %@eholﬁ@{‘.gc{:gﬁ §nn9H§ node 14

11. Further, it releases the port bl ocking signal

t I pnStitttes tite bbeukraneeld OekieNth MNite 4EPavhbhitb thksbove
node and notifies the tree manager 108 of the failure

r exbymal. THes f alblauheddetiectan 1806gnizéhehabde fldilure has
detects the
occurred in the link between the node 14 and the node 13.

The node 12 and the node 14 detect the double failure
and they are neither the root node of the network 2 nor the
robt node of the network 3. Therefore, the node 12 and the
node 14 respectively cut off the ports 121 and 122 and the
ports 141 and 142.

In this state, assume that the link failure between
the node 13 and the node 14 is recovered.

Since each node keeps transmitting the keep alive
frames at the.regular intervals also during the failure
occurrence, when the failure is recovered, the failure
detector 109A of the node 13 turns to be able to receive the
keep alive frames through the port 134 at the intervals

shorter than the predetermined intervals and detects the

failure recovery of the link between the node 13 and the node
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failure recovery between the node 13 and the node 14,
10 according to the failure information (flag) wthin
the keep alive signal trangpjtted fromthe node 13.
The failure detector 109A of the node 11 rel eases the
port bl ocking signal transmtted to the frane

bl ocking unit 110. The failure detector 109A of the
node 14 returns to 15 be able to receive the keep

al lve fhenksdéhivughat s R robA3 ndldet RSt EEBEYRhE node 11
shorter than the predeterm ned intervals, therefore,

dethatsthbelinkl faglueeobetyeoh the hoak DhBtseénthé heode 14
node 13 and the node 14, and notifies the tree manager
10Basf betin fecbueredecoveoydivy tbi shpofailuhewerformation
the node 20 14 that is not the root node keeps adding

t héfLagdrwhthbn thededn aldvet sliignaddsranhmittedatoeard the
of the failure occurring, to the failure information
(frags Wt nfartherketp Heleases ghae rerhnkheekbag signal

nd keeps transmifting the

d de 12, port .
bl PERPSEL Er A (e Adones ‘;ﬁl‘b’aﬂi‘i;]fgl‘brﬁ]t% ¥iShip s node
25 - node. W i i
e T T ST ain (e, GRRAGP S, N0 BRe e Tt Md TaRYeY-
the it oreracae Jo5R0easridd e £8 1Rt 11 agfS0es the
t nea MELNO edobiasy IR the AGEO" T Nhd %ildode 14,

failure recovery 'hotice omthe tree manager

t hgcdatdide tdetaet £41 1084 Ardhmtiste (¥4 ROt WitBEnt e keep

node 12 that the link failure between the 'node 13 and
t heel 1 v el dirdla T atsr Dy e Vieredl , t e Gs s N3 | OrHdefailure

failure information (flag) within the keep alive
sidpiectonndfhtde dhetrovde d1tred erxces tRe poxk bkbehsng signal
the port bl ocking signa

transmitted to the frame blocking unit 110.

The failure detector 1094 of the node 14 returns to
be able to receive the keep alive frames through the port
143 at the intervals shorter than the predetermined intervals,
therefore, detects the failure recovery of the link between
the node 13 and the node 14, and notifies the tree manager
108 of the failure recovery. At this point, however, the node
14 that is not the root node keeps adding the information
that it is still undér the situation of the failure occurring,
to the failure information (flag) within the keep alive signal
transmitted toward the nodé 12, and keeps transmitting the
port blocking signal to the frame blocking unit 110 within
the self-node.

When enough time has elapsed since the failure

detector 109A of the node 14 notified the tree manager 108
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transmtted to the frame blocking unit 110 within this

node. 10 The franme bl ocking unit 110 of the node 14

rel eases the bl ocking of thg,port 141 and the port

142 when the port blocking signal transmtted by the

failure detector 109A is released, so to enable the

passage of the frane between the respective ports 141

and 142 and the tree manager 104A. 15 The failure

debgctre £99Pupé Hdo , b deleCkhiet Rei1hakl 86€ector 109A

recovery between the node 13 and the node 14,

acdetdcng thathehéatteeeof nthenpbtworkf L aBas Wobi sitélbbe,

keep alive signal transmtted fromthe node 14. The

f abtaoredidgttectibe £80%Arefrddmvamygaoct? cedmaseke tthree manager

doubl e failure 20 detection notice (port bl ocking

si §08) ) theafeuredeateatnr %mwibitbekhndeub#tnaddfies the

The franme bl ocking unit 110 of the node 12 rel eases

t hBOBe otki hBabf theel b t faDhurg dbeeeportha xpodgeld tand the
ing signal transmtted by the failure

port . b
82%%@?0# iga§AP?%g2E9?%Y%%%%d,a%%P¥ RAaHP cthipfailure
.th b t ti ts 121,
Pt (e i EhEGernd dibed SA355: ol Bl o Ranisiited
i d -83 th 4, .
SO R 1 0 T S

hayga Raei 8@ moethgr%ﬁg E'lokljangg{;lﬁ%ﬁ 8121 d Q&tﬁﬁé‘“@ﬁks node.

2 and the network e open at t

recovery tpHe ffameN8186KPhe it W H Jft the h8deOFFid¥1Rases
to connect the network 1 with the network 2 and the

. netv®M ok idd dfhehsepopt K1 81 kihd hhcabove 1edupsiantthe port

structure, while preventing fromthe [oop generation.
Atbldulsing isignadi hcansathteddby ndoe fefi lulre detectbr 109A is
each network does
released, so to enable the passage of the frame between the
respective ports 141 aﬁd 142 and the tree manager 104A.

The failure detector 109A of the node 12 detects the
failure recovery between the node 13 and the node 14,
according to the failure information (flag) within the keep
alive signal transmitted from the node 14. The failure
detector 109A of the node 12 releases the double failure
detection notice (port blocking signal) transmitted to the
frame blocking unit 110.

The frame blocking unit 110 of the node 12 releases
the blocking of the port 121 and the port 122 when the port
blocking signal transmitted by the failure detector 109A is
released, so to enable the passage of the frame between the

respective ports 121 and 122 and the tree manager 104A.

According to the above operations, the node 12 and
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not change, the data transfer is continued w thout 10
interruption, in the sanme way as before the occurrence
of the failure. The tree copfigured as a result of
the above operations is shown in Fig. 9. (Effects of
the Second Enbodi nent] 15 The effects of the second
enbodi nrent will be described, next. Hitherto,
according as the shape of the topol ogy becones nore

cogRbi fded 2Rde088Q6d I 11 the hBewBYRDEra 0 itke , PREGSetwork
accommpdated in a network is nore increased, |t t akes

- 201tdakl 1 angey bdete stabienf agdrehdie 1@ porite bEethe Ifetwork

t he enbodi nent, however, by dividing the spanning

t r 2eandt bheveeywooked nwill bes @ossedle to shorten the
configuration tine of the spanning tree. \Wen changi ng

the confi dthuesi @t bhetrrcaprmnitimet pEetheslophilegfaplare, it
failure, the conventional technique changes the

cok® iRREBIR I ter sOnAECY Whe| eetvepki hyvidte the flﬁ‘éwork 2 and
net wor k Iocally,,and in order to reconfigure t

whbhe %%YW‘R i Wity /the RREYHEK nd o rkbe eﬁ‘ﬁfb‘F%rW‘%}mdaHt
L %{ff%@&:ﬁéaiegaeqesaz%q%@;o”rﬁhat
falinle Affecy a%goé b&e }18%3 5% nch o%' yL8h zgﬁ]»g k does

spannl ng ree every domal n. accor

the noge octlfer than t ee';r/aonoekf%%gsig]% upo e‘% evgltv'?{)br}wof

 Nen bRl Il | Wnp tid daind Ry e Hé:fo@rmieeto%urrence of
pr event from the | oop generation not only at the

sitlgd efdididny £ 1HE e cnflitfirad tds faiddsilt of the above
occurrence.
operations is shown in Fig. 9.

[Effects of the Second Embodiment]

The effects of the second embodiment will be
described, next.

Hitherto, according as the shape of the topology
becomes more complicated and according as the number of the
nodes accommodated in a network is more increased, it takes
the longer time to configure the spanning tree.

In the embodiment, however, by dividing the spanning

“tree into every domain, it is possible to shorten the
configuration time of the spanning tree.

When changing the configuration of the spanning tree
owing to a failure, the conventional technique changes the
'configuration gradually while stopping one of the network

locally, and in order to reconfigure the whole network, it
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10 [Third Enbodi nent] Hereinafter, a third enbodi nent
of the invention will be described in detail with
reference to the drawings. Lg, the above first and
second enbodi nents, the spanning tree 15 is used for
the logical Iink configuration of the network 1 of
the connection portion, while in the third enbodi nent,
the resilient packet ring (RPR) under consideration to

t hetofef t Ré thOPwdyk tnd s8R, kidrS inS8dplace distant from
characteristically. Wth reference to Fig. 16, the

t hthd €abddreestceirirg pbeitiventTions i emsbdimeen) however,
fromthe above enbodinents in that the network 1 of
t heafi resteibbdthenfaihutrbdeaFfgeting safes ned abywinireum by
RPR and that the nodes 11 to 14 are respectively
r epluédiéngi thet spamPingohpaei bheo nerdesy 1demabn 14R,
Fig. 17 is_a block diagram show ng the structure of
25 the nodd1aulres n #gePrding |te fikp woncheembodlment by
coni rathFhunlt 100U of the nqode 11R receives th
?‘%@-‘?%ﬁ POrEneVeR Yhdhe rRdeHRERRY d%){}arBGh(-’—lfo?B node,
(6 as_.the |n|t|a ett eypoar d
I T SR/ E T Sl § G T
rts nnegct
théé*béle%@%eﬁ?rev‘e%%%g B ek Sl ShNAgE ?91% at the
of t
sinﬁ@@@ﬁiﬁ% N Ko X élﬂf 151%1! %J%ﬁ.?ft%h%c%nce.

bas on the setting results
transfer unit 101 and a RPR frane transfer unit 105R
are set; and based on the setting results of (5) and

(6), the tredommgdikdhtand a TTL (Tinme To Live)
manager 108R are al so set.

Hereinafter, a third embodiment of the inventionwill
be described in detail with reference to the drawings. In
the above first and secohd embodiments, the spanning tree
is used for the logical link configuration of the network
1 of the connection portion, while in the third embodiment,
the resilient packet ring (RPR) under consideration to the
definition by the IEEE802.17 is used characteristically.

With reference to Fig. 16, the third embodiment of
the invention is different from the above embodiments in that
the network 1 of the first embodiment in the Fig. 1 is formed
by the RPR and that the nodes 11 to 14 are respectively
replaced with the RPR compatible nodes 11R to 14R.

Fig. 17 is a block diagram showing the structure of
the node 11R in Fig. 16.

In Fig. 17, the configuration unit 100U of the node

11R receives the setting instructions as shown in the below
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‘10 (1) whether each port belongs to the network 1 or

the network 2, (2) the node ID of a destination node
(a nei ghbor node connect ed_g$_ both the network 1 and
the network 2) in the case of transmtting the BPDU
frames for configuration of 15 the spanning tree for
the network 2, to the network 1, (3) the network to
whi ch the node (node 11R) naminly belongs (the network

1 i(n)Fie. (86) . aé4bhahedefalt RRROHF, & WReng dekfboard, a

the network 2 are cut off or not at the double

f amouse, PELYBF, WEB pod! 6hé A iME CRakbd RGeS ktitingZtesult
is connected, and (6) the cost of the port and link

anaft hk) ptherpoyts dfl1l he Iddese weafrieweted rot tiee tree manager
| EEES02. 1 D or the | EEE802. 1W Si nce the sanme conponent

wi R4t fier sampay bfierdhe spazBimgriteceavifathedeasstirg network
first enbodinment has the identical structure and
opeFathenfadlure detsetenbbe? mebasedndn thedseteirmceesults
point will be described bel ow.  -66 The RPR frane

t r 3hskek tonl®) 108t fEapsiRg vhit k0 padi ARBSHEFamediransier
Ceupt T FE A e S FASEY BRGChReSEFkOTpOFRBRLES OF (5)
roBa (o e 8 rr dE Banagel! {th Hd's HralyBee¥o Kif) manager
PR SR TPt anst e (g the” sbous

tlS?qu por i1 B e@hetrhCad® Portle #6855 8 EnkMméAfotil! 6r the
network 2,

(2) the node ID of a destination node (a neighbor node
connected to both the network 1 and the network 2) in the
case of transmitting the BPDU frames for configuration of
the spanning tree for the network 2, to the network 1,

(3) the network to which the node (node 11R) mainly
belongs (the network 1 in Fig. 16),

(4) whether the ports on the side of the network 2
are cut off or not at the double failure,

(5) the ports towhich the node set in (2) is connected,
and | .'

(6) the cost of the port and link and the priority

- of the nodes, defined in the IEEE802.1D or the IEEE802.1W

Since the same component with the same reference

number attached as the first embodiment has the identical

structure and operation to the first embodiment, only a

difference point will be described below.




10

15

20

25

10 15 (2) transferring a-frame to the port 113 only or
the port 114 only when the frane is supplied fromthe
virtual port 116, in the cagg where at |east one of
the destination MAC address, the destination RPR
node, and the output destination port is mssing in
the table, (3) transferring a frane only to the
virtual port 116 when the franme is supplied fromthe

port on thensi REROfrihe tPgh¥PEK dnifa@ly HEPFRENE the
port 113 or the port 114, in the case where at |east

on€odllowthagdeperaaions &AEC address, the destination

RPR node, and the output destination port is 20

m ssi ng i n{1headdhble the4RPR Hezddany inlod udidsiig thei desiBRRRtion
address of a franme input fromthe port 113 or the
poRPR1ngdepddress erdtthatibng RPREexdidsstifyimgsan inner
node (node 11), deleting the RPR header and

t ranRe K49 hpd F8 PukAE FHngR243 r whdichhere describedsin the

checki ng e destination RPR address of a frane _input
fr*aﬁ?iﬂel{s t 4Q3ERE $FRMPOIRPUY ATk the Helrtual port 116,

R T o T AT
A B0 o P BRSO B o

f reger Whose destination RPR address is other than
this. node and which has been input fromthe port 5

113, and tr@anskahkirBeri Aqt H&E RN télghe?lf‘rt‘f n4%Fonly or the

havi ng been input fromthe port 114, (6) checking ?he

degsirthal 1 HrorRRR wARAT adfe Erdnke il ¥dpplied from the virtual
port 116, in the case where at least one of the destination
MAC address, the destination RPR node, and the output
destination port is missing in the table,

(3) transferring a frame only to the virtual port 116
when the frame is supplied from the port on the side of the
network 1, namely from the port 113 or the port 114, in the
‘case where at least one of the destination MAC address, the
destination RPR node, and the output destination port is
missing in the table,

(4) checking the destination RPR address of a frame
input from the port 113 or the port'114: when the destination

- RPR address is this node (node 11}, deleting the RPR header
and transferring the frame to the virtual port 116,
(5) checking the destination RPR address of a frame

- input from the port 113 or the port 114: when the destination

RPR address is the other node than the node 11, supplying
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input fromthe port 113 or the port 114: when the
destination RPR address is unclear, supplying the
frame through the same 10 rigg_as the ring where the
frame has arrived, sinultaneously copying the samne
frame, deleting the RPR header, and transferring it
to the virtual port 116, (7) discarding the frane when
receiving a frame whose source RPR node is this node

fr amet Feaper thiddghr thBesBAkt rihg a34tha@nfifh§) through which
preventing froma failure according to the Wwapping

metthed f aatlet ies | akel vaporadE epiret spbctiigchalyyreransferring
detection information fromthe failure detector 109.

Thé&ot ahe epcd7 R lidnc lehee§ roamehwhois @ uie ginitatibn RPR address is
correspondi ng to each destination MAC address, and
eafhhegethanathioh nesise anB whdchi has [ ate dopiuted riom the port
inserted RPR header. In the initial state, when the
dedtPnard e fary ingeterthig@aytodp3adehe feame having been
(01-80-C£-00-00-00 that is the special address for
BPBRPUENET oM the oBREEpbifiies to transfer 25 the frame

X L RCR S SR T .
h i 12R., - | h . .
Dot el a3 GELA SIS FONT it B Egginacion
ek YRR ee? JRATa LA ST B e

or eidg REdERE Srify SBkrel th8er RS hhdRaraded N 4881 Praneocus ly
node 14R, the destination RPR node of the bridge group

adelseping i thesedamd  #End00fe 1SR nd asRe Wi aldaddie ddd
manager 108R transfers the frame supplied
transferring it to the virtual port 116,

(7) discarding the frame when receiving a frame whose
source RPR node is this node from the port 113 or the port
114, and

(8) preventing from a failure according to the
wrapping method and the like, upon receipt of the failure
detection information from the failure detector 109.

The table 107R includes each output §ort
corresponding to each destination MAC address, and each

destination node ID and ring ID described in the inserted
RPR header. In the initial state, when the destination MAC
is the bridge group address (01-80-C2-00-00-00) that is the
special address for BPDU, the unit 105R specifies to transfer
the frame to the adjacent node connected to the same network

as this node (namely the network 1 and the network 2), that

is, the node 12R.
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fromthe failure detector 109 to the RPR frane
transfer unit 105R and the frame supplied fromthe
RPR frame transfer unit 10 1gpR to the failure
detector 109 according to the TTL value, or discards
the frame and further rewites the TTL field at the
passage of the franme. The port 113 is a port for
connecting the network 1, belonging to the node 11R

In this enpadthBniamé hfapWHPWhe Ebdde ! B0 ithRCholENU2R, the

R201 and the input of the outer ring R202 are

codeettied tiiont RERpnode 148. tHd dpiiatde Lburs adldiests fier set at

connecting the network 1, belonging to the node 11R

| nthii sodebdiRmehn , théderddepu3Rf thehdeistiemtiongRRR, fdde of

and_the output of the outer ring RR02 20 are

cothechrddes %mumacﬁddrpﬁs ifsi getistiche Mctavlsﬂlmwangl in the

the structur exanple of the table 107R in Fig.

Theoass‘t‘ﬁva{ﬂﬁsﬂwm&%ﬁli madsnphithe bridge gtn%lp address
near to the node having the

d 1
Rﬁtgsﬁg ad rgég Pﬁ&?cisgd FASPREEHEELY nat i on MAC 1071

kﬁg?gly' tfﬁe exanp?ﬁggg$ ﬁ?@i %%5hr ot nqﬁ %% ejﬁﬁPplled

anf‘r&ﬁﬁ:ﬂ@‘%%lié QQEQ ok Ny e@b RQtRﬁ?%e Egansfer unit

destination RP a no onglng to

net gwit kardl ikheSetamt ddppiede rLbR 2Rd ddie eeahgfer unit

RPR node of a node beélonging to the networ IS set

at105® twdte £3Ruddidetddt 19958kcbydthe @51%%8@% value,
learning unit 106 or .5 manually. The ring ID 10

cott aliscaardd ndpet Grhmeusnd fuorther rewrig aid taenwmﬁ fJ.eld at
described in the destination RPR node 107R
the passage of the frame.

The port 113 is a port for connecting the network 1,
belonging to the node 11R. In this embodiment, the output
of the inner ring R201 and the input of the outer ring R202
are connected to the port 113.

The port 114 is a port for connecting the network 1,
belonging to the node 11R. In this eﬁbodiment, the input of
the inner ring R201 and the output of the outer ring R202
are connected to the port 114.

Fig. 18 is a view showing the structural example of
the table 107R in Fig. 17.

The destination RPR node 1071R contains one of the
nodes 11R to 14R, which is near to the node having the MAC
address indicated in the destination MAC 1071. Usually, the

node that becomes the root node is set there. In the example

of Fig. 16, since the node 11R and the node 13R become the
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In the RPR, a pair of one-way rings is represented as
the Inner Rng R201 and the Quter Ring R202. Wen a
del ete 10 instruction is set, %n this field, the node
del etes the RPR header attached to the input frane.
When the input header includes no delete instruction,
a new RPR header is added there. Fig. 19 is a block
di agram showi ng the structure of 15 the TTL nmanager

10%80‘1:”115&83 , lthe "%ieE-Elin“an.Q}ﬁeRPiloﬁége copfd 'h@'@let B81ddbing to

field of a frame supplied froma TIL controller

10888 nabedrk e iEThevad#/@ HeSnodd" 1 8RGA®She dbstination RPR
di scards the frane, while when the TTL value is "1""

andoderef d thodeabefengihfetd raiee netwioir®k poié skk3at the node
through 20 the failure detector 109. The TTL checker
1082R. cBnisrfiteldels Hetf ibgl dhef addresamdeaupphgednitohfé or
the TTL controller 1084R. when the TTL value is "0O"
anmdaneaslyit discards the frane, while when the TTL
value is "1" and nore, it transfers the frane to the

port 25 1%@%%91?%%72%.%91@@& tHINA 0P benatser for

t | ] 083R f bt t f t
DAY it S o de St Thad St ks GRcti St adan R acds O TR

1 105R and f he fr h
cHERRE 1 %aﬁ%lf‘r?ftfiéﬁ%‘f%ﬁexf Friiate ata 2o the

s BhaE R eRy Sagd Npd T LSS LI ! T o ggece
transtSiscide {4 am 4 ttﬁ?sTf!ceiBeCEﬁé n&@@%ﬁel&&s @ rPR
is a block di agram showi ng anot hef structural
header attached to the input frame. When the input header
includes no delete instruction, a new RPR header is added
there.

Fig. 19 is a block diagram showing the structure of
the TTL manager 108R in Fig. 17.

A TTL checker 1081R confirms the TTL field of a frame
supplied from a TTL controller 1083R: when the TTL value is
"0" and less, it discards the frame, while when the TTL value
is "1" and more, it transfers the frame to the port 113 through
the failure detector 109.

The TTL checker 1082R confirms the TTL field of a
frame supplied from the TTL controller 1084R: when the TTL
value is "0" and less, it discards the frame, while when the
TTL value is "1" and more, it transfers the frame to the port
114 through the failure detector 109. |

The TTL controller 1083R performs the subtraction of

the TTL value set in the frame received from the RPR frame
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exanpl e of the TTL manager 108R in Fig. 18. The TTL
checker 1081R confirnms the TTL field of a 10 frane
supplied fromthe TTL controhjer 1083R when the TTL

“value is "0" and less, it discards the frame, while

when the TTL value is "1" and nore, it transfers the
frane to the RPR frame transfer unit 105R The TTL
checker 1082R confirns the TTL field of a 15 frane

supplbinedelnom ¢ N9 5RTan8 MU dedls R84 Fanhen the T_'E‘chhec ker

value is "0" and less, it discards the frane, whil
whaos8tRhe TTL value is "1" and nore, it transfers the
frame to the RPR franme transfer unit 105R The TTL
control | erTHOTIR pentoohierhdd Bibpeafbirms e sRbtirhetion of
TTL value set in the frame received fromthe port 113
t hEBegETE heatug |9gte idettdut drareo regeivednéremsthieRPR frame
frame to the TTL checker 1081R. The TTL controll er
108ERDBERF aPHe" LR&RAM tx@niséeref the faame todhae T¥Etchecker
in bgg frame received fromthe port 114 25 through

3 ?rure det ect or 109 and transfers the franme to

(he 1o SR 1 ke S A B s ot
é% %‘E ereﬁ(r:ltelp%( 'fﬁ'?éﬁi%é]tshe %geirgﬁ% n:PfCtl om]
configuri rtq.lé %st]{& tY@eH % f]ﬂ?é he of a
ronﬁﬁte node f

network 3 and transferring a trane
t of#&ife A 13kd ﬂ%@%@ﬂenQThocbﬁtf'ofﬂEleﬂ@@ﬁ: whéh H@fe TTL

concretely described in detail

value is "0" and less, it dlscards the frame, while when the
TTL value is "1" and more, it transfers the frame to the RPR
frame transfer unit 105R.

The TTL checker 1082R confirms the TTL field of a
’frame supplied from the TTL controller 1084R: when the TTL
value is "0" and less, it discards the frame, while when the
TTL value is "1" and more, it transfers the frame to the RPR
frame transfer unit 105R.

The TTL controller 1083R performs the subtraction of
the TTL value set in the frame received from the‘port 113
through the failure detector 109 and transfers the frame to
the TTL checker 1081R.

The TTL controller 1084R performs the subtraction of
the TTL value set in the frame received from the port 114

through the failure detector 109 and transfers the frame to

the TTL checker 1082R,
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The destination RPR address, the ring ID, and the 10
out put destination port in the case of receiving a
frame whose destination MAG address is the bridge
group address fromthe virtual port 116, are
previously set by hand in the table 15 107R of each
node within the network 1, nanely each node of the
node 11R to the node 14R Since the node 11R transmts

a BPDU fr aggpéﬁaj@fontﬁfx%?r@meti 8¢ e TherdemMIds mbntW ébample

the node 12R specified as the destination RPR node
addfespanhhrgBbbbef caneignravesn By kPR (RER i2Rised for

wi t hout being processed in the node 13R and the node
l4BonfgécEven)iin each node of the node 12R to the node

14R, the BPDU frane is transferred, with the node

connect ed With t¥efevemcactovdiig asl G hetlee| dpewatsion of
specified as the destination. Fromthe viewoint of

t hEORE2gUBINY HEenePARR KN trereln 2be| nefinarek detnd the network
noggql R and t he node 12R becones a branch of the tree

an

¥ rﬁ%ﬁﬁ% Gt EEPMELHET PR deh@madee ZletRoERe %?de 31,
the. |ink bet n the.node 13R and.the node 14 .
boSeeatding o' i 4 dhpttiRen? ® 8011 B8 iCrefQly deggribed
depgribed. i n Fig. 16. The cost between the node 11R
an%ﬁt%e node 12R and the cost between the node 13R

and the nade, YR GIGUEIPIER WdredsiChrMing 3] Wi the

\
cost between the node and the node

casdtiel weseihBeiBadsod Rnaid £h8e UBeELi i Rg a frame whose

respectively set larger than the cost between™the node

13Rstination MAC address is the bridge group address from the
virtual port 116, are previously set by hand in the table
107R of each node within the network 1, namely each node of
the node 11R to the node 14R.

Since the node 11R transmits a BPDU frame to be
transmitted to the network 1, with the node 12R specified
as the destination RPR node address, the BPDU frame arrives
at the node 12R without being processed in the node 13R and
the node 1l4R.

Even in each node of the ﬁode 12R to the node 14R,
the BPDU frame is transferred, with the node connected.to
the same network as the self-node, specified as the
destination. |

From the viewpoint of the tree of the network 2, the
link between the néde 11R and the node 12R becomes a branch
of the tree and from the viewpoint of the tree of the network

3, the link between the node 13R and the nocde 14R becomes
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and the node 14R The node 11R is set as the root node
in the network 10 2 and the node 13R is set as the
root node in the network 3, ,Aand assunme that the tree
of the network 2 and the tree of the network 3 have
got stable in the configuration showmm in Fig. 16. The
case of transferring a frane fromthe node 21 to 15
the node 31 will be described this tine. The node 21

tr ansFaneh I0re theapPedy 41 tHd¥AERd0] £5Fot @fesuiqb@@dfn Fig.

31 attached to the destination MAC address, to th

nofle.11R, according to the tree of the netmork 2. Upon
recei pt of the franme whose destination MAC 20 address

I s the nodBhdlgodt dmatteemade 2bdet AdRnadd tH& mwdé es2R and
a description that the output destination port of the

f r bhe cogtdsetwieen ithetnaie VAR aadiitks node PR agettespratively
111, into _the table 103, in collaboration with the
ad‘éi?*és%m%hr niRg theieostrketwremerheynede BIR and the node

éﬁe &%lon that the OUt&%: 25 destination port of the
A o8Re R T R TP dRRdR sL 1R sand the tppde 2% are

V|réual ort, 116,. i.nto thg t abl 107R a state

EHER SR ELY oty TRRACT E oot BPeapREPE e R oo, nade 13
gﬁﬁxﬁgcégqéémaéfarch since there is no entry for

e node 31 in the table 103 and the table
107R the g gLRﬁiﬁeféfééfé éé“%&%ogb%rn ﬁétiﬁ‘aér}ég%etwork

RPR address an e Quter ring as the ring
t e gRrainehaud e i Abd TANHYHd $dd1e Al ifd m network

fromthe port 114 to the node 12R Upon receipt of

t I, famagfurideHat|@rd tdesd igRtH network 2 and the tree
of the network 3 have got stable in the configuration shown
in Fig. 16.

The case of transferring a frame from the node 21 to
the node 31 will be described this time.

The node 21 transmits the fraﬁe'with the MAC address
of the node 31 attached to the destination MAC address, to
the node 11R, according to the tree of the network 2.

Upon receipt of the frame whose destination MAC
address is the node 31, from the node 21; the node 11R writes
a description that the output destination port of the frame

- whose destination MAC address is 21 is the port 111, into
the table 103, in collaboration with the address learning
unit, and further writes a description that the output
destination port of the frame whose destination MAC address

is 21 is the virtual port 116, into the table 107R.

In a state where the learning unit has not learned
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RPR address, fromthe node 11R, the node 12R copies

the frame received fromthe node 11R, renbves the RPR

header, wites 10 a descriptiyon that the destination

RPR address of the franme whose destination MAC

address is 21 is 11R into the table 107R, further

wites a description that the output destination port

of the franme whose destination MAC address is 21 is

t henoughyahsparteddbt ohtithd edmil e si®de aherehes Ad entry

tries to transfer the frame to the port 121 and the

pofprighke MBGt ofh&hérnndewsl| inothél babbech®i3candieske table

ports are cut off by the spanning tree.

Si MifRan&bgshgpdet héRnspecifResr thef vnsleahedeshimation RPR

received fromthe node 11R directly to the node 14R |

2oa§ﬁ6ﬁ5‘ﬁ&%¢ phefuier ring Bap2 @@s¥hﬁdﬁ&£ﬁ IRA the received
ress, om t he ,node  12R, the node 14R coples t

f 8RR catd ST A Ebe ie Trens ErsUshe ROTHR1E to the

gggé 5$|tes a description that the destination RPR
Fress of "the frame whose destinati on MAC address i s

21 is 11R, nﬂ)&% tJéh ttag et}%@g ?%Ro ffd Hﬁ&%%ycﬁs@i_nation

descriptio |on por

f rRoR M&%Qeﬁ:bﬁaﬂﬂé’ﬁo%clﬁﬂdr&?@ node #IR icd 1@% the frame
virtual port 116, into the table 103, and the

t ri&Geivedr feh &fhd hode AR, @chB@eROthe 1HBR &E@adé‘ﬁ writes
port 142, but the franme wi 'l “not flow because these

poatcﬁasaiﬂpﬂﬂoroﬁ:ﬁnatbyhélweﬁpﬁmi\@ntKRIEaddress of the frame
Si mul t aneously, the node 14R transfers the frane

r ededseddstomatiomdhe hadrdissedisl 21t dst hERpotieto 13 table
Upon recei pt of the unclear destination RPR address,

f rdhR hef wothed 4R iteme & oies S thph eshathethe anetput

recei ved
destination port of the frame whose destination MAC address

is 21 is the virtual port 116, into the table 103, and then
tries to transfer the frame to the port 121 and the port 122,
but the frame will not flow because these ports are cut off
by the spanning tree. Simultaneously, the node 12R transfers
the frame received from the node 11R directly to the node
14R.

Upon receipt of the unclear destination RPR address,
from the node 12R, the node 14R copies the frame received
from the node 12R, removes the RPR header, writes a
description that the destination RPR address of the frame
whose destination MAC address is 21 is 11R, into the table
107R, further writes a description that the output
destination port of the frame whose destination MAC address

is 21 is the virtual port 116, into the table 103, and then
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fromthe node 14R, renoves the RPR header, wites a
description that the destination RPR address of the
frame 10 whose destination_MAC address is 21 is 11R
into the table 107R, further wites a description
that the output destination port of the frame whose
destination MAC address is 21 is the virtual port
116, into the table 103, and then tries to transfer

t herfieaneo tta-diiF fothe 1fdamdd d BReRsB#t 134 dRditHOBBREL 142,
the virtual port of the self-node, but the frame is

t r batf eheefirand Wwild tiee E0bW BEdahees atlsesd O ark3dut off
is cut off by the spanning tree. Sinultaneously, the

nobthy B3R sptamanisiget set heS imAnmmesn s lyed theamdd d 4Rodeansfers
14R directly to the node 11R 20 Although the node
11Rheeésapesreneivednéron the node| 23R desechdyi om PR node
address fromthe node 13R, since the source RPR node
addPBss of the frame is the self-node, it discards

the frame._The node 31 receives_the frang whose

desti nat i OWPRAESCEEPRIAF SN HRFLEIT\HIFE AIRE HPCRPR address,
d f th - , h d 3R .1n th .
Abovanasge prer Fike PRE pad€rLek HoRFER, TiE ARG doeived
21 3 ' i Third
Crobin, o TR0 ) REGLE W ol Il G

Rp&égg&h?oﬂseﬁa{ Ofhe &gﬂe@&éw{alnﬂtéﬂ&ﬁﬁ e&gecﬁ@ frame

Fi g. the operation o transterring a ame from

t hgnoos eadd 110 16n ngde xilrddy tike21cage1vher entdacM\&abie

address of the node 21 is |earned by the
107R, further writes a description that the output
destination port of the frame whose destination MAC address
is 21 is the virtual port 116, into the table 103, and then
tries to transfer the frame to the port 131 and the port 132
through the virtual port of the self-node, but the frame is
transferred only to the port 131 because the port 132 is cut
off by the spanning tree. Simultaneously, the node 13R
transfers the frame received from the node 14R directly to
the node 1l1R.

Although the node 11R receives the frame of the
unclear destination RPR address from'thé node 13R, since the
source RPR node address of the frame is the self-node, it
discards the frame.

The node 31 receives the frame whose destination MAC
address agrees with the MAC address of the self-node, from
the node 13R.

In the above way, the frame is transferred from the
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node 11R to the node 14R and the node 31, resulting
fromthe 10 frane transfer fromthe node 21 to the

node 31, will be concretely,édescribed in detail,
according to the third enbodinent. The node 31
retrieves the MAC address of the node 21 as a key,
fromthe table 103. As a result, since the output 15
destination port proves to be the virtual port 116, it
tr apgkeps tbetheapBgkoztihe virtual port 116.

Si mul t aneously, the address learning unit 102 wites
the MAC address of the input source and the port of

the input source into the table 103. 20 The transfer
unit 105R Wpératide Exadelal? iatthiceveird BabodiGent : example
address of the node 21 as a key fromthe table 107R
Asof spsaningsinee ch&f@gup@tld@sbyn&PRohRBRrispu@@@sfor
to be the port 311 (the port to which the node 13R is
coRfBReEBION) it transfers the frame to the port 311.

Si mul t anequsly, the 25 address learning unit 106
vvri tes thd"WHE ZRFERCHILQ Helhodd - he IRRETALIM MAC

h ?a?%f‘?%éfg%ﬁ By B PG i Svaat#iai'{t “@uqh B 316 e
) 5%eq e R, WRCThBL-Rho' OF (& Radd 27, 487188 hed by the

r ehddSaR 'i:BetMQ‘%oc?él qres ﬁnﬁf Itxél q]gﬂa;@ <! 12 1, §u§t§ﬁét from the

fromthe table 10 a resu ncé t e out

degitdmatd Uh POSE FARY Gshd ql&fe tzme £ rﬁﬂ@lno&@m 1%@11 be
it transfers the frame to the virtual port .

Si m&m|%sdmaﬂ$@%ﬂﬁ@!ﬁld&dﬁﬁiné% Whd athird
the MAC address of the node 31 that is the MAC
adziiaxsindnt he source
The node 31 ret:ieves the MAC address of the node 21
as a key, from the table 103. As a result, since the output
destination port proves to be the virtual port 116, it
transfers the frame to the'virtual.por£ 116. Simultaneously,
the address learning unit 102 writes the MAC address of the
input source and the port of the input source into the table
103. |
The transfer unit 105R within the node 31 retrieves
the MAC address of the node 21 as a key from the table 107R. |
- As a result, since the output destination port proves to be
the port 311 (the port to which the node 13R is connected),
it transfers the frame to the port 311. Simultaneously, the
address learning unit 106 writes the MAC address of the node

‘31 that is the MAC address of the input source and the virtual

port 116 that is the port of the ihput source, into the table
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and the port 131 that is the port of the input source,
into 10 the table 103. The RPR franme transfer unit

105R within the node 13R reggives the frane whose

destination MAC is 21, through the wvirtual port 116

and retrieves the MAC address of the node 21 as a key
fromthe table 107R As a result, since the 15

destination RPR address proves to be the node 11R, it
attgghes the RPR header with the node 11R set as the
destination RPR address and transfers the frane to

the port 18on Secuipanedusihey,fidmme aficksesshd gesrt MPB1l, the
unit 106 wites the MAC address of the node 31 that

i strapsfAC adilt e381oWithin sohe ceo@® hBR tébrieveésiathe MAC
port 116 that is the port of the input source, into

t haddu®s e ofOiRe ngsisn2 t ésed ﬂseyofmrmheriamlel@\ﬂ@é%e As aresult,
destination RPR address is 11R, fromthe port 113,

t hellPR $heRutRuhdestinatiion PORtWPLRVESt ke ]'ﬁ%d'éhq frirtual
deI et es ]géwe RPR header because 25 the frane, can

bet HekTaRREPF St Lamg R dehe ‘awatual ort 116.
tr rsthe to_t.he vi.rtual

ae’b%%ﬁfyﬁ ' aPeees Eanong ni Boldn Wedessthe mac
tgﬁdess $ bE B £536001 220500 s i Me souxce

source, e

REG Q4R rlth.eLB'anHEtSPé‘ e o@‘[i:d tfhﬁhgoiﬁ}t)ﬂ—%?séﬁ?ée, into

is the port of the 1 nput sourCe, into the le 107
5 poncdeei 3 of the franme whose destinati on MAC
address is 21, fromthe virtual port 116, the transfer

unit 101 TMel RPR fhendadenkkR:r ahit EVESR Wik HidbkBe lddde 13R

and then transfers the same frane to the port 111.

Simaddiaresitdley frame whose destination MAC is 21, through the
virtual port 116 and retrieves the MAC éddress of the node

21 as a key from the table 107R. As a result, since the
destination RPR address proves to be the node 11R, it attaches
the RPR header with the node 11R set as the destination RPR
address and transfers the frame to the port 133.
Simultaneously, the address learning unit 106 writes the MAC
address of the node 31 that is the MAC address of the source
and the virtual port 116 that is the port of the input source,
into the table 107R.

Upbn receipt of the frame whose destination RPR
address is 11R, from the port 113, the RPR frame transfer
unit 105R within the node 11R deletes the RPR header because

" the frame can be judged to be destined for the self-node,
and transfers the same frame to the virtual port 116.

Simultaneously, the address learning unit 106 writes the MAC
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the address learning unit 102 wites the MAC address

of the .10 node 31 that is the MAC address of the
source and the virtual port-316 that is the port of
the input source, into the table 103. 15 The node 21
receives the franme transmtted by the node 31 through
the port Ili of the node 11R As nentioned above, a
franme is transferred fromthe node 31 to the node 21.

[ Efdfrigies sobft BRe Thbdsl Faodiv gt Lhd h@A@fachcPEés stoft R8e input
third enbodi nent will be descri bed, 20 next.

H sloarte, Bke QfdﬂienQBRS:Hd”lﬁJ.Shﬂ'&BRQk fidie bcfp@h@smput source,
becones nore conplicated and accordi ng as the nunber

of anidethaopest attdhiedatiedthe ponetowridhd doputesource, into
increased, it takes the longer tinme to configure the
sp&hﬁlﬁgbﬂﬁeé07ln t he enbodi nent, however, by dividing

the spanning tree into every donaln it is possible
to shortenUPAB regnipfuehit Fba £rame ovhese depshppagion MAC
changln% t he configuration of the

spﬁﬁﬂFﬁﬁSt_+% oWEHF 8 a":ﬁFP‘E?-e‘-’mf%eu&gn\'F@ﬁt teappfer unit
RIS it St R #%%‘%%53 BenfeBle” b depid gthen
reEPQﬁéEE%g Lﬂg ¥Qﬂéengéce % s? rﬁof rﬁi¢ﬁ&?ﬁpeously,

tenporariTy éven

e O 108 ey KA, e 1 o
node 31 that is the MAC address of the source and the virtual
port 116 that is the‘portiof the input source, into the table
103.

The node 21 receives the frame transmitted by the node
31 through the port 111 of the node 11R.

As mentioned above, a frame is transferred from the

node 31 to the node 21.

[Effects of the Third Embodiment]

The effects of the third embodiment will be described,
next.

Hitherto, according as the shape of the tbpology,
becomes more complicated and according as the number of the
nodes accommodated in a network is more increased, it takes
the longer time to configure the spanning tree.

In the embodiment, however, by dividing the spanning
tree into every domain, it is possible to shorten the

configuration time of the spanning tree.
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~dividing the spanning tree into every domain. 10

[ Fourth Enbodi nent] Hereinafter, a fourth enbodi nent

of the invention wll be de§§r|bed in detail wth
reference to the drawings. wth reference to Fig. 21,

the fourth enbodi nent of the invention is different
fromthe above-nentioned 15 enbodi nents in that the

network 1 in Fig. 1 according to the first enbodi nment

i s formed RNehWhdirfiesy tBel@sier i ch BEdEne %%anlall@lg tree
22 is a block diagram show ng the structure of

nodeihy to &ifpilire 2GhEheddRiedtidenrtl tybhgigaet cﬁeﬁges the
perfornms the following operations of: (1)

t r epsfépnragianf gaaduattygi vhillér shoppengransfef tuelmetwork
101 directly to the port 512, (2) attaching the

i depcalilEr andi dar orgerhsp recosfigure Hihe whetlef ngkwork, it

‘the tree manager 104X, to the frame received fromthe

t rééoaﬁn*é@%rnqwlart@mrrw@m igven int @ phacpodistant from

g g .5 10 15 20 (3) attaching the identifier
in Pﬁa %guma?cwr%n tn‘ésmb% FiohS tFRP R HRERn RFever,

Toae FastFERE | 0% FEEFLYE ae bROPLA] S 8™ Wik tmum by

dividing the spanning tree into every domain.

[Fourth Embodiment ]

Hereinafter, a fourth embodiment of the invention
will be described in detail with reference to the drawings.

With reference to Fig. 21, the fourth embodiment of
the invention is different from the above-mentioned
embodiments in that the network 1 in Fig. 1 according to the
first embodiment is formed by two nodes ; @ node 51 and a node
52.

Fig. 22 is a block diagram showing the structure of
the node 51 in Fig. 21.

The BPDU identifying unit 100 performs the following
operations of: |

(1) transferring a frame received from the transfer
unit 101 directly to the port 512,

(2) attaching the identifief indicating that it is
the input from the tree manager 104X, to the frame received
from the tree manager 104X and transferring it to the port

512,
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(4) checking the frame received fromthe port 512 and
when the identifier indicating that it is the input
fromthe tree manager 104X_ig_attached to the sane

- frame, deleting the sanme identifier and transferring

it to the tree manager 104X, (5) checking the frame
received fromthe port 512 and when the identifier
indicating that it is the input fromthe tree manager

104Y is at{ashge:iénihe oere ddiricdeligldiRG tinlde thaBit is
identifier and transferring it to the tree mangeér

104¥e anpuf&franatd fgeehfahbgae 18£e) MY theofrbfie received
port 512 and when there is no identifier attached by

t héxrBRDthe den¢é fpamagenni 04 Y1 Ghd turamsiferriing it to the port
transfer unit 101 directly. The tree manager 104X has

t h81#el | owi ng three functions of: (1) upon receipt of

a frame fromthe port 511 and the BPDU identifying

uni t 1oo Hhﬁé’ieé’rkﬂﬂ?gth? fixpmehgeceiwed ﬁmgh@rpw $12 and

101 or it according to the spanning tre

prsilseotr S et Id o SBARPabE g Khatmats LoidgapUL Erom the
fer_unit 2 transfer the frame_to th

bofFee thatifuey Eofbris  APfRnRed P th 1 4de e, “deleting

or S $den 5T AR BetiPee RETR Y s e rep nanager

BPRyhgrame for controlling the spanning tree. Atree
nanager 104Y is a tree manager perform ng the sane

operation @) theckifg TRdFIamelPdlelved FrontPROEIRNE12 and
when the identifier indicating that it is the input from the
tree manager 104Y is attached to the same frame, deleting
the same identifier and transferring it to the tree manger
104Y, and |
(6) checking the frame received from the port 512 and
when there is no identifier attached by the BPDU identifying
unit 100, transferring it to the transfer unit 101 directly.
The tree manager 104X has the following three
functions of:
(1) upon receipt of a frame from the port 511 and the
BPDU identifying unit 100, transferring it to the frame
_‘transfer'unit 101 or'discarding'it according to the spanning
tree protocol,
(2) upon receipt of a frame from the transfer unit
101, transferring the frame to the port 511 and the BPDU.
identifying unit 100 or discarding it according to the

spanning tree protocbl, and
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5 Fig. 23 is a block diagram showi ng the structure of

the BPDU identifying unit 100 in Fig. 22. A

classifying unit 1001 checksgshe identifier of the

frame received fromthe port 512 and transfers it to

an identifier deleting unit 1003, an identifier

deleting unit 10 1005, or the transfer unit 101.

Further, it transfers the frane received from an

i denti fi er(Bpsefangﬁlwiﬁ%w@@,r@@ewﬁe@ttﬁé e$ppDU frame for
inserting unit 1004, or the transfer unit 101, to the
pocbnbtdlaing phepepahnhirhgotréeual |y, only the BPDU

frame is transferred to'the identifier deleing units

1003 15 andl tiESmandgelrel @4 drs &ranee inmragersperfedming the
the transfer unit 101. The identifier inserting unit
108angtepeirtiemas tdentree ananagie 43 inhbhistemyodiment.
the input fromthe tree manager 104X, to the frame

recei ved fFEn t3f ifr acb heplagbragran Biwingngher shsagtare of

it to the classijf Hg unif 1001.. The identifier
deFREi FRPYUnt eﬁﬁﬁéy gttt HRO irehivfiet- attached to

:Pzn;;g?‘;%ﬁ@%‘f"\ég g Vet 0" S harkgorhd gkt LpRc0e ehe
el £LA 198K A WS 00K, 813 e e core it o an

ier he" T npu
”f@en’i@f‘f&.erdél:l%\g. g{%ntl 16'0@”‘5 ﬁefgéHEEfi%Prﬁéf@tlng unit

tree manager _81 10 ifransfers it

cl 8565 f YoM hei drafifer wkhie: i tENt ifiAlhdle] et nG-diliders the
1005 del etes the identifier attached to the frane

I efeanve rddeivdd ef ol afsi el i Il waingy indRs 02, an

the frane to the tree
identifier inserting unit 1004, or the transfer unit 101,

to the port 512 at a proper timing. Usually, only the BPDU
frame is transferred to the identifier deleing units 1003
and 1005 and the other frame is transferred to the transfer
unit 101.

The identifier inserting unit 1002 attaches the
identifier indicating that it is the input from the tree
manager 104X, to the frame received from the tree manager
104X, and transfers it to the classifying unit 1001.

The identifier deleting unit 1003 deletes the
identifier attached to the frame received from the
classifying unit 1001 and transfers the frame to the,free
manager 104X,

The identifier inserting.unit 1004 attaches the
identifier indicating that it is the input from the tree

manager 104Y, to the frame received from the tree manager
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manager 104Y. [Operation Exanple of the Fourth

Enbodi nent: exanple of spanning tree configuration]
This time, with reference to,Fig. 2 1, the operation
.10 of configuring the spanning tree in the network 2
and the network 3 and transferring a frane fromthe
node 21 to the node 31, in the case where the node 51
beconmes the root node, w Il be concretely described

i njgevahha RESRLELRY {0 wethégeiwsfﬁ?% eie 1dof.

node belonging to the network 2, the spanning tree of

the net wordhe idgewOndidw el Oyingi ek ¢ hRdy e T8 he
104X. The BPDU frane transmtted fromthe tree manager

10ddeneifibe avdachdd dogstiot fhane idcebpadi ftom the
identifier attached in the case of transm ssion

t hebaghifpengouni 51100 bvendl tiwen@ferodehe® Ifrade |8 ithe tree
has the identifier attached, indicating that it has
bemanagansie4Yed fromthe tree manager 104X, in the

case of transm ssion through the port 512 toward the

node 52. Wien the identifier-attached BPDU frane, 25
transmtted fromthe_port_ 512 of the nqode 51, .is

recei ved HJPRIARFIY Ex8Bp1g 0% EBechfdJe"’fg'Q-,EmP?@ment’ example
identifier.is confirnmed sferred to the tree

e d%?aqfﬁﬂavﬁﬁ?ﬁrFq Qéﬁgkééﬂ -82 The tree manager
104X of thlehirhot%ﬁmtgz ﬁfEﬁ%&aﬁQ@e t!odﬁ‘gﬁ'.fﬁf r 'ﬂ{%%%tion

BPDU frames w th the Nno : exchariges f he |

(GRS S8 oty e 500 Bkl e ene
network 3 and transferring a frame from the node 21 to the
node 31, in the case where the node 51 becomes the root node,
will be concretely described in detail, according to the
fourth embodiment.

.In a node belonging to the network 2, the spanning
tree of the network 2 is configured by using the tree manager
104X. The BPDU frame transmitted from the tree manager 104X
of the node 51 does not have the special identifier attached
in the case of transmission through the port 511 toward the
node 21, while it has the identifier attached, indicating
that.if has been transferred from the tree manager 104X, in
the case of transmission through the port 512 toward the node
52,

When the identifier-attached BPDU frame,

transmitted from the port 512 of the node 51, is received

by the port 522 of the node 52, its identifier is confirmed-

_ and transferred to the tree manager 104X within the node 52.
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node 52 or in their ports, the cost is set snaller

than any other port and link, so that the link

between the node 51 and thegfode 52 can al ways becone

a branch of the tree. When the BPDU frane exchange has

been conpl eted anobng 10 the node 51, the node 52, and

the node 21, the tree shown by the heavy line in Fig.

21 is configured. In a node belonging to the network

3, the spamhengreé¢ reensdet M) 410M0 K3 nosieCoDf égoh&fges the
by using the tree manager 104Y. The BPDU frane

t r adenitifédri-nbhathedt BEDUNEnages %4 theohotie5hoard

51 does not have the special identifier attached in

t hexghgrges thardhi simamesmiddiouthd deortti f3€3 wowhr the node
the_ node 31, while it has the identifier attached,
|naﬂcat|ng that it has been transferred fromthe tree
manager 104Y, t he case of transn133|on t hrough t he

pgrt 532 Bt & Fsmﬁod’e“ the Lynk \n?éwq%th: rflode 51 and the
- BPDU

ol BB 5 61 CHC EHBAE BT tPs FES SRR Ly ot BbE P sasan any

of 5L R L 9t O2n '1frt111:de§]<t: {h gl '&li%zg{ﬁv\]# {%@tqdeeirg%l% dde 51

trans ed tO ree mana er

noéiﬁd5@he Theqd ree SN Bray at : a&%] %&%ﬁ%ﬁﬁ%f the tree.

exchanges the .i1denti anes wt

the node %eaﬂdheaﬁsmfbaﬁe%%;dl{&m fHe%fFéoiﬁgweéa among
identifier with the node 31. At this tine, int

bet e emoddes Npdghéd nddl 5he ambadthdhdiie i71t held tree shown
ports, the cost is set snaller than any 5 other port
arly |tk hesovyt hiaind hien |Fik. et wieercdi®i quockei 51
In a node belonging to the network 3, the spanning
tree of the network 3 is configured by using the tree manager
104Y. The BPDU frame transmitted from the tree manager 104Y
of the node 51 does not have the special identifier attached
in the case of transmission through the port 513 toward the
node 31, while it hes the identifier attached, indicating
that it has been transferred from the tree manager 104Y, in
the case of transmission through the port 512 toward the node
52,
When the identifier-attached BPDU frame,
transﬁitted from the port 512 of the node 51, is received
- by the port 522 of the node 52, its identifier is confirmed
and it is transferred to the tree manager 104Y within the
- node 52.
The tree manager 104Y of the node 52 exchanges the

identifier-attached BPDU frames with the node 51 and
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and the node 52 can al ways beconme a branch of the .
tree. Wien the BPDU frane exchange has been conpl eted
anong the node 51, the node-&2, and the node 31, the

tree shown by the heavy line in Fig. 21 is

configured. 10 According to the above operations, the
spanning tree of the network 2, nanely, the tree

manager 104X, and the tree of the network 3, nanely,

t hexchangeanbye BADA taws Mikdousnédentli fakewayith the node
ad] acent between the nodes 51 and 52. When the

spdhming trees for the network 2 and the 15 network 3

"have been conpleted according to the above

oper at i onshtt itihd s 5pBLogin dher hinkdetoigen shecrede Sihgpd the
" ASR85 ST BrSL e R B R o e any
coRtigt mt TS i ohink n %0 giad Uit LIRSy B e 51
gggﬁ [ gut%airllé(’)é]e dés)%g(\p/\%ﬁi niﬂ\g?%sg 12{&&1:{@6 %%énﬂe vvo(ﬁ( %l?e t%reee'

physi cal taRg| eAY% Brty g};gme%kchﬂifgéﬂgs lﬂaaér?cghg)ﬁlfﬁtéa among

t he usual network may ow on thi's tree, there

petKedribdy s1he dHaModd HBf &ind dnE\HRyaaren, e Afrdd'&hown
two spanning trees is in an unstable state, packet

wiky tieydredvoodindeimatay 22 and denfiage-sd, have only
to be the -84 conventional spanning tree-conpatible

node and Rcepndded ho tdpeabeiveaperrdtons | Ehleespanning tree
the Fourth Enbodinent] 5 The effects of the enbodi nent
wiei the nrtwerkh&d, namely, the tree manager 104X, and the tree

of the network 3, namely, the tree manager 104Y look like
one link always adjacent between the nodes 51 and 52.

When the spanning trees for the network 2 and the
network 3 have been completed according to the above
opérations , the topology of the network converges into a shape
capable of preventing from loop generation.

The configuration example of the completed tree is

~ shown by the heavy line in Fig. 21. Since the tree

configuration shown in Fig. 21 varies according to the
parameter, it doesn't always become the tree cqnfiguration
shown in Fig. 21, in the network of the physical topology
of Fig. 21. The same data frame as the usual network may flow
on this tree, thereby performing the frame transfer.

Even when one of the two spanning trees is in an
unstable state, packet will never loop.

The node 21 and the node 31 have only to be the
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Hi therto, according as the shape of the topol ogy
beconmes nore conplicated and the nunber of the nodes
accommpdated into a networkgjs nore increased, it
takes the longer tinme to 10 configure the spanning
tree. In the enbodi nent, however, by dividing the
spanning tree into every donmain, it is possible to
shorten the configuration time of the spanning tree.

X?%Bnﬁﬁﬁﬂgbﬂglgé‘ﬁ?m& Gl icRmpRft i@ ABAEMAW thieffneed no

ow ng to a failure,”the convéntional technique
chgpgesal hepeggBlibgyurati on gradual Iy while stopping
one of the network locally, and, in order to
reconfigure the whole network, it stops the network
tenporarily even in a place distant from the failure
occurring pesfedcion. off hilse didnmck meEnbodiooeviey , 20 can
restrict the failure affecting area to a m ni mum by
di vi di ng tPhe sphfetty of cthe rembeddmgntonel h.be Rigsgribed,
Enbodi nent] Hereinafter, a fifth enbodi nent of the

i NP8%REton Will 25 be described in detail with
reference to the drawings. The invenption can be al so
Pt RS TR, SRS 25 dRiecPBRR 9ithRd-oRqqgebgcones more

Bef d L bj j .t | icat] - 85 th t K, : -
Cre SR EREE e ) PRI Ror s T Ee el frpa into
b D . i . 24, | .

dea ARG R 0P Quddecadeg e mikelf, 068 Wrfyen rime ko
21&n s ZAEre iy sy the nodes and terminals A

and B are 5 respectively connected to the nodes 21G

and 31G Ik the éxﬁ@dﬁﬁeﬁ@,ehf:&é%r?,f@fmﬁi% £R€Mpanning

the termnal Ato the termnal B in the network, at

fitsde ido every domain, it is possible to shorten the
configuration time of the spanning tree.

When changing the configuration of the spanning tree
owing to a failure, the conventional technique changes the
configuration gradually while stopping one of the network
locally, and, in order to.reconfigure the whole network, it
‘stops the network temporarily even in a plade distant from
the failure occurring position. This embodiment, however,

can restrict the failure affecting area to a minimum by

dividing the spanning tree into evéry domain.

[Fifth Embodiment]

Hereinafter,afifthembodimentoftheinventionwill
be described in detail with reference to the drawings.

The invention can be also applied to the network

described in the article 3., Before describing its application
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termnal Atransmts a frane with the MAC address of

the termnal B inserted into the destination MAC

address to the 10 node 21G (ge&ge node). Upon recei pt

of the frame, the node 21Ginserts the node ID of the
node 31G accommopdating the termnal B, into the tag

region of this franme and transfers this frame to the

node 31G along the path on the spanning tree. 15 In

or ger the detibick,! tASFeampr €eaREKAY, i8aEhe NREBwork will be
transmts the frane to the corresponding port while

r eflescirabedt byt fevingwandergmpabl én(Rigabt£. | tn whhe metwork
the relationship between each destination node ID and
eagdhscoibedpbndrhy. pbtt theinededenctemankd) 1b6l baglég, 216G,
to_each node. Wien this frame 20 arrives at the node

31&2C¢ hélfied@nd 1B @ethat $hehaodetse andesermanpda Aoded B are
IDwitten in the tag is this node. At this tinme, the
noHESBEEE LHELK sCOPRSRPRS abitr B8 Hodes | %b@ 30d t HEG-

destinatio address_of.  this frane confirns that
the dest i {\@b%(f%seff%fttél??n B, AN SHOR tirqhethe

connec adl%? éi]ecﬂ%%te %‘?\? opﬁb;ghézgegw?%fqgé%a%r{%%t the
tro0sh £8 , g%f%&&{$ea £2440 N & al?l'?é"tﬂi(?%gd(ﬂf%ﬂ of the

procedure tag region here may

r egh A 1941 1B e n¥keAbled( VhEd U@!lle ld%@tﬁl?&:lhcfh Mae é&fessl 1t:o the

where a franme is, for exanple the Ethernet frane

| snede 2 POSE e doiedy O\ighh Wdde it IXRAMRS ifHandedd the node
storing area 2301 like a frame shown in Fig. 5 33 and

- transfiarsdites fylsmoidd D et ke riddd 396y REonidcdating the

this area. Even in the case of using the VLAN tag
r epomiRPDY, iakd shentaq tdypiamed ohissfrgme kend transfers
expansi on tag storing area
this frame to the node 31G along the path on the spanning
tree.

In order to do this transfer processing, each node
tfansmits the frame to the corresponding port while referring
Ito the forwarding table (a table in which the relationship
between each destination node ID and each corresponding port
number is defined) belonging to each node. When this frame
arrives at the node 31G, the node 31G detects that the
destination node ID written in the tag is this node. At this
time, the node 31G checks the MAC address described in the
destination MAC address of this frame, confirms that the
destination is the terminal B, and transmits the frame to
the port 310 to which the terminal B is connected. In the

network of Fig. 24, a frame can be transferred between the

terminals according to this procedure.
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2301 as shown in Fig. 33, each node can determ ne the
destination based on the information witten into the

next 10 region to the "sourge- MAC address" region

2202 in the frame. As described in the first to the
fourth enbodi nents, the follow ng formcan be adopt ed,
besides the formof configuring one spanning tree as

for one network. Nanely, it is the formof creating

t he spanni Tige thegeseghan ihay et hay inalesigetiie regiotdest ahe VLAN
the root nodes, for the same nunber (nultiphase) as

t héVagised AN} @ doebhe |gasearhieget arffamenis,t ior example,
frame transfer is perfornmed along the path on the .
sphRRi Biherret fFame ¢ e dod@lse possdbilengot peovide with an
destination termnal, as the root. Thus, the frane

t r SABPBFL0R tRe StRFinganea #3Y ildkgodsfEpRepghown in Fig.

t f ' the f i ' . ' ,

L a8 BPRr TR 7y Che oFbatRaT R P nade DRoMATErRd into

f Ny, i ] ts - [ d ' .

LSO 080, NSRS B o 2205,

Of afil Geveaft i n2PhdVddkd Q18066 tt.lﬁe Fé:%: n%fl!i. dt @a%;hgtéf%ﬁg area
7 The node 11716 e

enbodi nent of the i nvention hé no

322301 Fh®. sHow id heidlrsi, edhodi ABdd e dasheride elpe
replaced with the node .-87- 11Gto the node 32G and

f udédrein@tiomibadll on thek i228rmatibhMrBéfenal@cd the next
link 320,. that are the links for the client termna

acoopihat do dhe ‘meures pRdc addipsaddeshion @ 2nddethe frame.
21G the node 22G the node 31G and the node 32G

di f f er ent |1As dgs€robedhe dhevEimehtticothbe Sodmodh mmlicgliments,
The node 11G does not determ ne the out put

dezhe nka b lnvigur tfagm e e daptadhC hatddass thmitfqum of

has a_, )
configuring one spanning tree as for one network. Namely,

it is the form of creating the spanning trees, having the
respective nodes as the root nodes, for the same number
(multiphase) as the number of the nodes. In the latter form,
the frame transfer is performed along the path on the spanning
tree with the node accommodating the destination terminal
as the root. Thus, the frame transfer on the shortest path
is possible by transferring the frame by using various
spanning trees different for every destination.

The embodiment for configuring the above-mentioned
multiphase spanning tree will be described below in the
network of Fig. 24.

With reference to Fig. 24, in the fifth‘embodiment
of the invention, the node 11 to the node 32 in Fig. 1 of

the first embodiment are respectively replaced with the node
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tag forwarding function for determ ning the output
destination port with reference to the node ID
inserted into 10 the tag areg, of the frame as the edge
node, differently from the node 11 in Fig. 1 and the
other drawings. In the case of configuring the

mul ti phase spanning tree, the tree manager is adopted
to cope with the nultiphase, which is also different

fronGt 86 8heveodenioNethehadin@nts 1ihx Bhe,nadeigit G20, a
does not determ ne the output destination port by

| edinkngl0headhG adakesSa0, buhattaperdioy MEinkish€okrafhe client
forwarding for determ ning the output destination
poterminhlr afeomnedat ot heawrew de dpedtisayliye ddidedotohehe node

ag area of the frane, differently fromthe node 21

g the andet2AE 2ohotrinse digwianys theinede BBE, dutferently

216 accommodates a termnal, it transfers the frane
af £E8Pm; hRer ﬁbﬂgerlﬂ@nhb%eqi erbRdimenty- t he
destlnatlo node i e tag area of the frane

rﬁcel ved %hrﬁ‘g‘#éf A n%cfi‘%ré?%‘i”r‘?’% e QUPYYE om
B 8 R A ! BT B i s o
DA Lo A0 P K SRR A NG R R

ON§ed ©f M4 18bn WtbﬁlEH ﬁfméé‘%‘betﬂé gxﬁocﬂé Ebaiﬁé drﬁ’%d into

term nal s may be connecte ere throu ub an

likee tEReapehtofdthe FRamMROAE HO eddfrdnbhe p@:[ff&?&ﬁf from

the ports for connecting the respéctive termnals
actiosostid el in IBid ha raspatid \HdekA4@gs31@n AHe case

32G, simlarly to the port 210. Simlarly, only one
t evfhroafigayihg tdennettégdhbberspanmimatpedl allid yreé manager
term nals may be connected there through
is adopted to cope with the multlphase, which is also
different from the above mentioned embodiments.

The node 21G does not determine the output
destination port by learning the MAC address, but it performs
the tag forwarding for determining the output destination
port with reference to the node ID inserted into the tag area
of the frame, differently from the node 21 in Fig. 1 and the
other drawings. Since the node 21G accommodates a terminal,
it transfers the frame after inserting the node ID indicating
the destination node into the tag area of the frame received
from the terminal, and deleting the tag from the tag-attached
frame destined for the terminal flowing within the network
2.

The port 210 is a port to which the link connecting

the terminal accommodated by the node 21G is connected. Only
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a hub and the Iike. Fig. 25 is a block diagram show ng

the structure of 10 the node 11Gin Fig. 24. The

transfer unit 101G transfersgghe frame to the port

described in the table 103G wth reference to the

header, the tag, and the other identification

information of the frane received fromthe nultiphase

tree manager 104G The 15 description of this

enooe rerminglll mby ber eahnerteddéheret be acpierality of

using the node ID inserted into the tag area as the

i dERTMLNaAS Bay ibe opnnectad There diilzoudi8a heb &ndithe like.

where each output port corresponding to each

i denti fi cath8rPesly 22 dEhepyort tikhe@nd2bhe Perfe 320 are the
described, Witing into the table is

Lég%iﬁiaéosy?w;@? e & PEC CHlfafEFn10aEPair eREodated

RO AR 108 LIRS 4S50 BB EC e
he. I Qwi Ie f:

F U AT A ST e——

114 4he1P0s1i )% YeddiGais ﬁ#é?l bQOEBnééggl‘?ﬁt here through

control™ -89 franme call ed BPDU ane use

SpanrRiPJdahf €€he CONEE gur ati on defined by | EEE 802. 1D or
| EEE 802. 1W when it is not the BPDU franme,

transferrimgy! 26 iBpatbIsclRlidfrLe showiag GBet eRsélire of

unit 101G while when it is the BPDU frane,

pethermodg 1bh@ jm dtegsiav. necessary for the spanning

.tree configuration upon receipt of the above frane,

(2) witiriRhe hransher vadltel ¢ 06 GrvasddronthidErame to the port
‘described in the table 103G, with reference to the header,
the tag, and the other identification information of the frame
received from the multiphase tree manager 104G. The
description of this embodiment will be hereafter made in the
case of using the node ID inserted into the tag area as the
identification information.

The table 103G is a table whére each output port
corresponding to each identification tag (node ID) attached
to the frames is described. Writing into the table is
performed by the multiphase tree manager 104G and the
information described in the table is read out by the transfer
unit 101G. |

The multiphase tree manager 104G performs the
following operations of:

(1) identifying whether the frame received from the

port 111, the port 112, or the virtual port 116 is a control
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configuration result of the spanning tree, (3)
transferring the frane received fromthe transfer 10
unit 101G directly to the pogy-111, the port 112, or
the wvirtual port 116, and (4) perform ng the above
operations (1) to (2) for every identification tag
(node ID) attached to each frane': for exanple,
creating 4096 ki nds of spanning trees when the 15
nufremeoicaitied @@DUI fireati osetager(the spaheingf tibe
nodes) is 4096. The transfer unit 105G transfers the
fr§@@fﬂ§uﬁﬁélgﬁrﬁefdesdrbUedEEE 8B2.1Rbbr IBEFK, 802t hW: when
reference to the header, and the ot her

' |déﬁt#ﬁu89F|§he|ﬁPBHn§Fa@ﬁ: repsferaang2oheciapybdirame

e manager 108G or the virtua

n1th mul ti ase tr
BoE1 e A EanoSer I it 143 Fe WhOL Whemi bks Ghe BEDU
p° x CZ@%% 5?53%%&%*#Siﬁge%giﬁéééé$%%%§%mwfﬁf%B°?§E%nnlng

-LQ‘E%%F"?BE%G RaCFRA uPRE of %?%ﬁ”‘étéﬁﬁ%‘ﬁéﬁoﬁéefmmer

table i's res t r
mul ti phase tgevgﬂnanage%@t%S@% %%%ic{%éoé?%oﬂ oW ng
opesit i ghsaeion (deshenss fﬁ’hé‘Qs;%‘%%ﬂ% thesframe

received fromthe port 113 or e port 114" is a

control frggeteahkedr BPRY theafPamé résed viedl £#dif the transfer
spanning tree configuration defined by | EEE 802. 1D or

| BEELBOR0 IWWdinhmatly to tiod pdwet BPOU ftleeeport 112, or the
transferring the input frame directly to the transfer
urivirtual port 116, and .

(4) performing the above operations (1) to (2) for
every identification tag (node ID) attached to each frame:
for example, creating 4096 kinds of spanning trees when the
number of the identification tags (the number of the nodes)
is 4096.

The transfer unit 105G transfers the frame to the port
described in the table 107G, with reference to the header,
tag, and the other identification information of the frame
received from the multiphase tree manager 108G or the virtual
port 116.

The table 107G is a table where each output port
corresponding to each identification tag (node ID) attached
to each frame is described. Writing into the table is
performed by the multiphase tree manager 108G and the

information described in the table is read out by the transfer

unit 105G.
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105G while when it is the BPDU frane, perform ng the
processi ng necessary for the spanning tree
configuration 10 upon recei pgoof the above frame, (2)
witing into the table 107G based on the

configuration result of the spanning tree, (3)
transferring the franme received fromthe transfer

unit 105G directly to the port 113 or the port 114,

and 15 (4TrhpembdtipRgséherabomenageral 088Spétioths (2he
for every identification tag (node ID) attached to

eaclelfipwnpy obera¢iansl ef:creati ng 4096 ki nds of

spanni ng trees when the nunber of the identification .
tags (the huhbedentifnnqoedether thé0OBan@xebiegve2bfrom the
shows the structure of the table 103G in Fig. 25. The
deBPrhat1d e 8BAtPIFEdtlidohs tagonteod framefdallled BRRYU frame
is usgd as the retrieval key when the transfer unit
10teedsEar chae FB?HPEEQOEFﬁﬁtc%@f%g“ﬁﬁb%@ntﬂ%flned by IEEE

| PB4 OF °”D‘3§§ﬁdhfﬁe rk@ﬂ?éhfﬂfager'aé‘ﬂ%ﬁé” ]
. 1032
fé’tw’?. L) O ¥ e d%f%a‘?#ap# dBBE | FEgrer unit

ostr$haTPiLErpRas 10, 16 Hhe BA8F £ohly! ndrforrtife e
figtéeeddtn® nEcPs s i tor oéhé’%ﬂaﬂr%lé’r Jgeé”ctbc% %%x&?tlon

port IDis described in this field.
| supsreatese Bit cof | the Ubdhe HRERE) Ng t ree

configuration. Fig. 27 is a block diagram show ng the
structure (&) writing into the table 107G based on the
configuration result of the spanning tree,

(3) transferring the frame received from the transfer
unit 105G directly to the port 113 or the port 114, and

(4) performing the above operations (1) to (2) for
every identification tag (node ID) attached to each frame:
for example, creating 4096 kinds of spanning trees when the
number of the identification tags (the number of the nodes)
is 4096.

Fig. 26 shows the structure of the table 103G in Fig.
25.

The destination identification tag 1031G is a field
that is used as the retrieval key when the transfer unit 101G
searches for the output port, where the information described
in the tag including the node ID, VLAN, ID, and the like is

"filled, correspondingly to the frame transfer method.

The output port 1032G is a field for describing the
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the node 21Gin Fig. 24. The tag operation unit 201
perforns the followng 10 operations of: (1)

referring to the destinati ongMAC address of the frame
received fromthe port 210, retrieving a tag

corresponding to the referred destination MAC address

from the table 203, inserting the above into the

frame, and 15 transferring it to the transfer unit
102Gtp(LR) delst Bhahbon heottag Of coprebpohaamg tecgie/edde ID and
fromthe transfer unit 101G and transferring it to

t héhpolikeldescedbedhén thecdesbinabiannitibetifijcation tag
corresgonﬁﬁﬂg to the destination MAC address, as a

r edBPLGField- Qmever 2 pleraildtyl of pamte IDsbbe L03rtual port
cogxin éhe frame, attaching each tag (0022, 0031,
antP0b32d¢RCEheexARpraisi fFedd. 24) that this is

destined fqr any other. node than the self-node, .
exi st 1 ng obe AR W36 355RE0 E het ek o TS PEREhRRRARRIng

-E?ﬁ%e%2§§%€9g§ﬁ§é§%%and the node 32G in the exanpl e of

"source tag indicating the tag ID

of the selg;foge icsogél}]f%%ktrg%prgagrflg%ob n %hgb&\:/f%?%\ﬂre of

frame, hence to crea ve franmes (a

of tRdIneead rar®@sin 'eidi sa£ase), -92 and transferring
themto the transfer unit 101G The address | earning

unit 202 ahecksad perQiticn MGt 200r @ttt RS FY19%wing

tag of the frame received fromthe transfer unit

10feranidonespecti vely wites theminto the
destination MAC address field and the insertion tag
field of (lHeredelreidg3to Mie dalsitd n2@3 drsMACt adMdieess of the

where each insertion :
frame received from the port 210, retrieving a tag
corresponding to the referred destination MAC address from
the table 203, inserting the above into the frame, and
transferring it to the transfer unit 101G,
(2) deleting the tag from the frame received from the
- transfer unit 101G and transferring it to the port 210,
(3) when it cannot obtain the tag corresponding to
the destination MAC address, as a result of the above
retrieval in the table 203, copying the frame, attaching each
tag (0022, 0031, and 0032 in the example of Fig. 24} that
this is destined for any other node than the self-node,
existing on the network 2 and the network 3 (the node 22G,
the node 31G, and the node 32G in the example of Fig. 24)
.and each source tag indicating the tag ID of the self-node

(0021 in this case) to the above frame, hence to create the

respective frames (a total of three frames in this case),
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identification tag corresponding to each destination

MAC address of the frames is described. As one

exanple, the to contents of _the table 203 include a
correspondence between the MAC address of the

destination termnal of a frame and the ID of a node
accommodating the destination termnal. The table is

to be referred to when the edge node inserts the node

| Daindt @ rehe feagiageahei tbetheafBandbes habteicas. be
created based on the information from a network

managemnment The eadddres sulicdarg gt ith20? afle-kss the source MAC
performed by the address learning unit 2 0 2, and the

i nBddrassoandethei bedrca thg Ofibtke fzameaveomivédy fihem the
tag operation unit 201. Fig. 28 is a view showi ng the

f ofFans§erueniFel®lGy hand2pespetbivedy ivriies tivem Theto the
destination MAC 2031 is a field that is used as the

r eaﬁﬁgeaﬁtk% Mhen2dfeesagf bpid atndnthsi insent ke redgsfield

for .t identification tag to insert, where the MAC
-adafegge €§QL§U%§$y described. 25 The insertion tag

neert oo T RIS I 2 i< e Foo S dien
| TERGLe fres i 8 AT A Sondlife £ QAT 4N dfbion mac

degddrads obr tedN Nddme ONEs | i
i dentification ént agS'ear e dg%%ﬂ%%g?n }%%lééﬁ? iee}TadT.‘P]Se' the
[ pofiednod FX R eadllet DO3FiAbNuEEDYddBAspdRtbnce between
forwardi ng] The operation of transferring the frame
deslos iMPeT] dddrefsis) of38hefl A@stanheibhNebraONARCHE M tfrrame and
the port 210 of the

the ID of a node accommodating the destination terminal. The

table is to be referred to when the edge node inserts the
node ID into the tag area of the frame. This table can be
created based on the information from a network management
server, writing into the table is performed by the address
learning unit 202, and the information described in the table
is read out by the tag operation unit 201.

Fig. 28 is a view showing the format structure of the
table 203 in Fig. 27.

The destination MAC 2031 is a field that is used as-
the retrieval key when the tag operation unit 201 searches
for the identification tag to insert, where the MAC address
is usually described.

The insertion tag 2032 is a field where each
identification tag to be inserted correspondingly to each

destination MAC 2031 is described. As one example, the
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.node 21Gto a termnal (destination MAC address 10

22:00: 00: 00: 00: 22) connected to the link 310 of the

node 31G (node ID: 0031), abger configuring the

spanning trees in the network 1 and the network 3,

according to this enbodinent, wIll be concretely

described, with reference to Fig. 24 to- Fig. 27. 15

20 The spanning tree for the nunber of the total nodes

of insertdonortigl ingludesntheolk 3fanenodaf aguvmtodéting the

first in the network 1 and then the spanning trees-

f odeshdnaiien henbéradi One ey eluerdlityodésidertification

configured respectively in the network 2 and the

neFﬂﬂgka§? gesgribed| ih thishéipddpective network 1 to

the network 3, the spanning trees for the nunber of

the identifier tags (the nunber of the nodes) are

configured in the, r ectjve petwork, 1 to the. network

5 Thes, -l OPeRATion ERFTRIS cof | HhevEfth LG tag

ti gg Qi 508 zpanning tree 25 configuration. Wile, it

IS recognlzg that the spanning trees are configured

on the wh . 1 f .
Of e BPLWRLKE ondds @}%Jéf@aﬁs 1{1%{1 ?IH% n%rdam‘_?eggeggﬁﬁbed in

the frame transfer Is perforne

abpyg. Ihe fLSRELtLdEn SRANNEAhdE6ES CORIWSSL FPI0 of the
the nunber of the nodes have the respective nodes as

t heod®@ 021G nesles . t ABLINEL t hdds £ 11ea BTG NMAY dd@%ess
corresponding to the node ID: 0031 that is the

i d&ht 00§ @At 0 OO0 22 ploninecEediesbi tld 1dnkndle ¥l ChieSnode 31G
configured as shown by the heavy line of Fig. 24.
(node ID: 0031), after configuring the spanning trees in the
network 1 and the network 3, according to this embodiment,
will be concretely described, with reference to Fig. 24 to
" Fig. 27.

The spanning tree for the number of the total nodes
of the network 1 to the network 3 are configured at first
in the network 1 and then the spanning trees for the same
number of the above total nodes are configured respectively
in the network 2 and the network 3.

" As a result, in the respective network 1 to the
network 3, the spanning trees for the number of the identifier
tags (the number of the nodes) are configured in the
respective network 1 to the network 3. Thus, a tree is

'configured in every network at a time of the spanning tree
configuration. While, it is recognized that the spanning

trees are configured on the whole network, at the frame

~ transfer and then the frame transfer is performed as mentioned
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The term nal connected under the control of the node

21G transmts the frane whose destinati on MAC address

is specified as 22:00:00: 00999: 22 and this franme

arrives at the 10 node 21G through the port 210. Wth

reference to Fig. 27, upon receipt of the frame whose

destination MAC address is specified at

22:00: 00: 00: 00: 22 through the port 210, the tag

opéﬁ@ﬁﬁonThﬂﬂneSE@Pt@WetH@anonQZt@eeetcpefeguthd for the

tabl e 203 shown in 15 Fig. 28, hence to obtain the
&FélmPBr e63thensodes ppzet she teFpespovei ngdes alethe root

ddrei |nseh€§ this IDinto an expansion tag
st8P|ﬁ§ aPS5YBE t; thReSPaRBiRPakEeer SOFrespengdhag to the

T A st B TS e O B R
f .
AR 1 SO TG I By R R B i

frggngg thg port 212. Cbncretely, wth reference to
Fig. 25/ the nultiphase tree manager 104G within the

node 11G regeiveasitda e
0031 and the destinati gﬁﬁﬁwﬁ%{?}%% %giéof‘o%o é%hg%gl% tA€ node

t ransnitaesmitonhberrode véze tdEHUONati B8 WA tadddess is
The frame is immediately transferred to the -95

t repetEfiedias 201G0be0a0Se00t 22 samb i hii Ber Bahd) drirdf®s at the
The transfer unit 101G within the node 11G recei ves

t Hode oiG feloroudie vhe thehas2l@see nmanager 104G
retrieves the destination tag 0031 as a key fromthe
tabl e 103#itdbtrgitpsencento Hig.ual, papon k8 aipt hé the frame

out ut d tlnatlon port, and transfers the franme to
Q8% t qquIﬂAC 'address is specified at

22:00:00:00:00:22 through the port 210, the tag operation
~unit 201 of the node 21G retrieves the table 203 shown in
Fig. 28, hence to obtain the node ID: 0031 that is the tag
corresponding to the MAC address, inserts this ID into an
expansion tag storing area of the frame, and transfers it
to the transfer unit 101G.

Tﬁe transfer unit lblG of the node 21G refers to the
tag (node ID) attached to the frame and fhe table 103G shown
in Fig. 26, obtains the port 212 as the output pbrt, and
transfers the frame to the port 212.

Concretely, with reference to Fig. 25, themultiphase
tree manager 104G within the node 11G receives the frame of
the destination tag 0031 and the destination MAC
22:00:00:00:00:22, transmitted from the node 21G, through

the port 111. The frame is immediately transferred to the
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The transfer unit 101G within the node 11G receives
this frame through the virtual port 116, retrieves the
destination tag 0031 as a keysfromthe table 107G
obtains 10 the port 113 as the output destination
port, and transfers the franme to the port 113. The
mul ti phase tree manager 108G within the node 11G
supplies the frame received fromthe transfer unit
10&Gandifeecuny tt aotiebpeatiséldtt hsongh the BabbufFeame.
detector 109. 15 Wth reference to Fig. 24, in the
node 13G The tramsfdérrunini {101G5@& ehilnt tiee tioalesfileaG receives
unit 101G receive the frame transferred by the node
11&henfbanh frempdie me3iphasa itewe maoagetplf4G, retrieves
destination port of the frane with the destination
5 90%‘-1 aatmtaarﬂﬁlilr afst keyi krem thectale 193G 3abtains
B iﬂﬁ i 8 node 11G  The node, 31G, recei ves
E ?rgﬁﬁ il Bﬁtt L pﬁ?tt@iZOUtP%Frﬂ%%%énﬁﬁé°$aﬁ?%tr and

tlf’ﬁﬁ% FOrh Endos e S, eﬁgvﬁﬁﬁéﬁfzmﬁt%' he
frame is dtﬂa I'e}%qlgﬂr h gtsfbisrwx%ll ehg 118 Ihece:l.ves

tag 25 in the tag operation unrt supp es t

frewes t Br oHghen f&?gh?ol[,ﬁe %t@f;%é@@ If& d][:@% J?%]Vé§1ethe

MAC address -96 227 00: 00: 00: connect e
podés Slfa el ksad N0 3 10! lanRELORr-MAC REUE 85 Fe V\ﬁ?ft; oﬁ)talns

receiving the frame supplied "fromthe port 310 of
notctee kG tanid X @af ithesotiBpliti #es6indesbh F%@ir’f: Pfaﬂche:ransfers
a

sel f-node and accepts it. As nentioned

pogsd bf mane to artst eport fYEBw fromthe term naI

connected to the port 210 of the node 21G
| The multiphase tree manager 108G within the node 11G
supplies the frame received from the transfer unit 105G
directly to the port 113 through the failure detector 109.

With reference to Fig. 24, in the node 13G, the
transfer unit 105G and the transfer unit 101G receive the
frame transferred by the node 11G through the port 133,
retrieve the output destination port of the frame with the
destination tag 0031 as a key, and transfer it to the port
131, in the same way as the node 11G.

The node 31G receives the frame through the port 312,
retrieves the table 103G with the destination tag 0031 as
a key in the transfer unit 101G, and when recognizing that
the frame is destined for the self-node, it deletes the tag
in the tag operation unit 201 and supplies the frame through

the port 310.

When the terminal of the MAC address
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to the term nal connected to the node 31G (Effects of
the Fifth Enbodi nent] 10 The effects of the enbodi nent
wi || be described, next. HLyherto, according as the
shape of the topology becones nore conplicated and

t he nunber of the nodes acconmmodated into a network
is nore increased, it takes the 15 longer tine to
configure the spanning tree. In the enbodi nent,

hogeven,: obyodruodengcbhae&ﬂaantagthbrgartnBQoe&ﬁéMks the
domain, it is possible to shorten the configuration
t|desbﬁnaheospahﬁlagdreee wirnretefiging the frame supplied
configuration of the spanning tree 20 owing to a

f afrgmethenporbnitht pbnbhet rofiai e ashdngesfitwes that it is

conflguratlon graduall¥ whi |l e stopping one of the
nef@8Fknefotar| yheapalirnodedendt aceepbafigure the
whol e network, it stops the network tenporarily even

| n a pl 2 cAREPEIEPPAHROY e L 49 BPESbbbBia h@anSfer a frame
itio 'E i s .enhodi nent, egomevh£ 25 can restrl
PhEEon the Fermyitial conadoredo e Fha ks (10 @ivEhFrEode 216
th t dl t
Ry RIS e S R g e%quieneZﬁi °

that are conponents of the node in the net wor k
according to the invention can be realized by the

har dvar e, @ittty Q¥ A¥Rd ¥if@RlEdidaldif f unctions of
the above-nentioned neans nmay be | oaded i'nto a nmenory

of a commeereﬁﬂemtdfoltﬁéﬂ%mwe% wilQl 8y described,
realizing the above functions. This programis | oaded

f rmemta. magnetic di sk, a sem conductor nenory, or the
ot her storing medi um into the

Hitherto, according as the shape of the topology
becomes more complicated and the number of the nodes

- accommodated into a network is more increased, it takes the
longer time to configure the spanning tree.

In the embodiment, however, by dividing the spanning
tree into every domain,'it is possible to shorten the
configuration time of the spanning tree.

When changing the configuration of the spanning tree
owing to a failure, the conventional technique changes the
configuration gradually while stopping one of the network
locally, and, in order to reconfigure the whole network, it
stops the network temporarily even in a placerdistant from
the failure occurring position. This embodiment, however,
can restrict the failure affécting area to a minimum by

dividing the spanning tree into every domain.

It is needless to say that the functions of the
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conmputer, to control the operations of the conputer,
thereby realizing the above-nentioned functions. 10

[ Sixth Enbodi nent] Hereinaftgf, a sixth enbodi ment

will be described in detail with reference to the
draw ngs. The sixth enbodinment is the formof applying
the 15 invention to a hierarchical network. Here, by
way of exanple, the case of connecting the three

netrespketiesciehfd thati re 84mB¥nbhesagpl tR8t h8AeOin the
the invention will be described. As a w de area

nenetwkrB28écotdingxaopthe SnweftieheanchbaOr&alized by the
connecting the cities is assuned and as | ocal networks
32bardeanad 3203 mrowtawrfowiredid zdinze thpr fadctiohbeof the
urban area is assumed. The w de area network 3201 is

f orRE¥eHPeRhioned ewedns Omay obg2kdadeddinte aaspmeryvef a
nodes are connected_as shown in Fig. 34. The |oca
netABPRESD 2 Fentrphtdepgonpetendsherebyoronl ipimpbhs above

t he | I t k 3203 i d by th d 32030

b Ende ALK FEGRelR, 18 Tl LS et ason,
shg&$. é d&g 34. Assune_ that ge | ocal . net wor k 3202

and the IFoca L J¥ oK %03: Sﬁeéigf’%w BgALym; into the
t h@o .&{&,etyo Ebltl{:ﬁél tr@/oﬁ%¥'ﬁ\%§.83§a It%’e %Qﬁgﬁéé% ‘ fhereby
connecting these three networks By the apprication’o

 Need TPIHG Ofhd SaftERAIRG oddl Fythefons, TWO_exanpl es
of connection by the nodes according to the invention
are shown in Fig. 35. In the first connection exanple,
the wi de area

[Sixth Embodiment ]

Hereinafter, a sixth embodiment will be described in
detail with reference to the drawings.

The sixth embodiment is the form of applying the
invention to a hierarchical network. Here, by way of example,
the case of connecting the fhree networks described in Fig.
34 by the application of the invention will be described.
As a wide area network 3201, for example, a wide area network
connecting the cities is assumed and as local networks 3202
and 3203, a network of the size spread in the urban area is
‘assumed. |

The wide area network 3201 is formed by the nodes 3210
to 3221, and the respective nodes are connected as shown in
Fig. 34. The local network 3202 is formed by the nodes 32020
to 32025, the local network 3203 is formed by the nodes 32030

- to 32035, and the respective nodes are connected as shown

in Fig. 34. Assume that the local network 3202 and the local
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network 3201 and the | ocal network 3202 are connected

to each other in such a way that the respective

exi sting nodes 3210, 10 32139832023, and 32025 are

replaced with the nodes 3300, 3301, 3302, and 3303
according to the invention. In the second connection
exanple, the wide area network 3201 and the | oca

net work 3203 are connected to each other in such a
wayettwark 3€ 0despepectévedgdeexi3@4 in380., difhed38A6, cities.
and 3307 are newy provided to connect with the

respect i veB&Hwai ohexaek: 32he ca9e bf Go0B4dcttmg these three
32032. VWhen configuring the spanning tree in the
nePREFREKS: BinébeecaPRiifatien 6fnhthebinvenhior his ndeeeribed

accorgLng gg the invention, the spanning trees are
confi §dPed®atr first 20 in the network formed by the

nodes 3300, 3301 302, _.and 3303, and e network .
formed by THS %Bﬁ,c%t%%‘bgw %ﬂa n acgerding to

ShoKg bebati: SHbaaUSLLY. s Lhes gpagal ng L ees ar e

respectively con ure area network 3201,

and the |f’1§aﬂ:hé‘¢f¥9§;1lfscc§ﬁr%@{% @&Qig@e,ust%lhéer{vfcibe area

stage of 25 configuring the spanning t

SpREHw otk (3208 hid G LbeHN athivoRY 80 N8F¥Vdhnected to each
Al t hough the frame transfer is perfornmed along the -99

pavthen irheuchné ivgiy eHasPene i rsgddiesie axlicdiRqhbdedB210,
transferred as if only one spanning tree is configured
om321he 32083 aed BAOR5 ante hoplacedsei thishessoddwB300e 3301,
spanning .trees divided are configured, at the frane

t r3H5% erand i3 03 sackrrdiver dtd drhefispamnion. tree
configuration is the same as the operation having

been descrithddid rFaaand jqonnecs iarhexanple o rthed wiglet area

The nodes 3300 to 3307 are forned as
network 3201 and the local network 3203 are connected to each

other in such a way that the respective nodes 3304, 3305,
3306, and 3307 are newly provided to connect with the
respective existing nodes 3219, 3221, 32031, and 32032.

When configuring the spanning tree in the networks
connected with each other by using the nodes according to
the invention, the spanning trees are configuredlat first
in the network formed by the nodes 3300, 3301, 3302, and 3303
and the network formed by the nodes 3304, 3305, 3306, and
3307, as shown below. Subsequently, the spanning trees are
respectivelf configured in the wide area network 3201, and
the local networks 3202 and 3203. Thus, in the stage of
configuring the spanning tree, the spanning tree is
configured in every network.

Although the frame transfer is performed along the
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shown in Fig. 25. In the case where the configured

spanning tree is on one phase, the nultiphase tree
managers 104G and 10 108G maygbe replaced with the

tree managers 104 and 108 in Fig. 2, and further the

tree manager 104A of Fig. 13 may be used dependi ng on

the function of the spanning tree. The nodes ot her

than the nodes 3300 to 3307 have only to be the

copsehl oanahes ponfiigdrbaespaanRal BreeBpdgsragdet HEY1 be

do not 15 have to be the nodes of the invention
netesssfielryedlhe dpeoaliyoanef spaanlhgotié€eis configured on
configuration will be sumred up hereinafter. At

fi the, whaleheetrooels, 380thdut $8Miscidusnesseeéhamintberspanning
108 is used to configure the spanning tree in a

paftegF dévieeld aveneonbygehedpnodbstBeoframe B0Anefrl time.
20 the spanning tree in a partial network formed by

the nodes TB8MPXAtIRmy oOfAPPRRANLAG BEeR ondfguresdon is the
spanni ng_trees have stable, the respective tree

maRag8r s i &Petrﬁé?i?rgfjee‘%gsobeele sesgribgdy ipnshg first to

t f 1. th d

o Efie TRIAOF lorftlod s *nRON5 e 810300 48 3307, ke fomed as
t s 32 1 2 .

SoE8oRE | R 2200 AR L dRA AT RhE e Fe &Ly spanning

WheF e L onl Q:Q_esﬁﬁlé‘é‘é NG-Hd ]{t?L];ﬁﬁs%n %];:Egaﬁéngﬁ%rgef@m and

described, it is also possible™ o configure t

Ml ¢8Ehase S aiplted 68 thheRet BeecNRIBEcSB80160 S0 7108 in
are the nodes having the tree nmanagers %046 and 108G

AtFidi <2t iaml fhevheer thé hered iemagsies JaaverSrig. be3 may be
t he nodes corresponding to the nulti phase spanni ng

t nesed dependangain ehamimetofort bf tHe spannénfdree. The nodes
conformng to the nultiphase spanning tree, the
stetthewrighamvig nodes 48P0 to 3307 have only to be the

conventional spanning'tree—compatible nodes and they do not
have to be the nodes of the invention necessarily.

The operation of spanning tree configuration will be
summed up hereinafter. At first, in the nodes 3300 to 3307,
the tree manager 108 is used to configure the spanning tree
in a partial network formed by the nodes 3300 to 3304 and
the spanning tree in a partial network formed by the nodes
3304 to 3307.

After the states of these spanning trees have got
stable, the respective tree managers 104 of the nodes 3300 .
to 3307 and the other tree manager of the other nodes are
used to configure the spanning trees respectively in the wide
area network 3201 and the local networks 3202 and 3203.

In the above description, although the case where the
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nunber of the tree managers as the nunber of the
phases of the spanning tree in the node can be
considered. Wien the 10 respggtive spanning trees are
managed by the respective corresponding tree
managers, the above structure can cope wth the

mul ti phase spanning tree. At this tine, when the sane
nunber of the spanning trees as the nunber of all the

nogﬁ%nﬁiﬁ?‘;@f‘éé W ed élﬁgrﬂrg%éwﬁt%ﬁae?%ieﬁedégﬁilgéﬁ,eq.t is also

spanning 15 trees are e respecti ve nodes

aspbbB8ibPettHAARFTEiqurle thePRSSLPbRaO i8Ry thRe when the
frame transfer on f%e shortest ‘path effectively at

t haotieansfeo tonB3Dy &senghé hGodéanBav Je§CENOEEréd managers
Fig. 33. By thus configuring the spanning trees step
byl8#6pand 208¢G. it pdsiss imel,0 helkereen the bdtheroficdd= have
spanning tree configuration even in a |arge-sized
netadekt e nodesi cortdrpoml dey bo ddermt Woikh896 spantingetree.
| ocal networks 3202 and 3203. Reconfiguration of the
spBAnYaYy of cexampletefethe strmuctiee otenreentermping e the

perforpmed in the same operations 25 as those,
GeBeTHIRkRse FPRARIRG 1 CYR  HeN® | ETEHEER! BRRAY Hye same

PRLSHELS: L, | SIde e0rerl g St bl O OB s of
OSSR e e ohe
SLPSERASLINS Ity L2 SBLed Ul respective
PasSH R Shondih PREFH inih fKfertd ANHETdHAE S TAARIY can cope
using thus configured spanning trees in the |arge
sivith natevaik sigHasdesglaatinPaded nizk tHH® time, when the
same number of the spanning trees as the number of all the
nodes are configured and the respective configured spanning
trees are formed with the respective nodes as the root nodes,
it is possible to realize the frame transfer on the shortest
path effectively at the transfer time by using the frame
described in Fig. 33. |
By thus configuring the spanning trees step by step,
it is possible to shorten the time of the spanning tree
configuration even in a large-sized network connecting the
‘wide area network 3201 and the local networks 3262 and 3203.
Reconfiguration of the spanning tree at a time of
failure occurrence will be performed in the same operations
‘as those described in the first to the fifth embodiments.
By performing the failure recovering operation, name'ly, the

reconfiguration of the spanning tree, only on a network where
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The basic concept is the sanme as the fifth enbodi nent.

An exanpl e of the case of transferring a frane by

using the spanning tree havigyg the node accommodati ng

the destination termnal as the root will be

descri bed by using the frame described in Fig. 33.

The node accommobdating the source term nal of the

frame inserts the node I D of the node accompdati ng

t he fdifweshasabdonried ital s iptis®ibie: espastsowsy thg failure

~storing area 2301 and transnits the frame to the port

covitbpehdififfecbingetlabmthennoetwbrk withdhethackatge sized
t he correspondi ng tabl e. A relay nod transfers the

f raﬁ‘éwgiébormﬂgrgénqhﬁ, naceapidwfailere | re¢dreery becomes
expansjon tag storing area 2301. The node 20

ack®FF®t ng the destination terninal transnits the

frane to t e term nal havin the MAC address witten

i n the arcHie GPATAL RN PFrSF ABRE ML A SIEmEDY BFing thus
oot e Tl an e Fan PR o U 1akqS Gifeesb Retvork will
‘Héﬂb expansi on tag storing area
%@ l#k%rama o%@é'%is not restrictive, when

transferr| r ' hed. i
o7 Sop 8 bRESLIATRE SRS 40 LER d0ECH G henc.

emﬁré?daﬁ@:lteaﬁfsl:ﬁél B8se VLA ALy iRE a5 2PBmASbY h.?slng the
size of the VLAN tag area 2203 (four ‘bites) in ord

t spamatilgy theet hanshgreiey ewdenatbemaoaat i Whetiee tdé@tqnatlon
al so exi st the nodes capable of handling only 5 the

f reemsingfl tawe e vsrdt ondll Behelesetribed by xed nwaythe frame
within the network. Wiile, in the case where the size

=

- ofdesiexribgshigi diig. 33.

The node accommodating the source terminal of the
frame inserts.the node ID of the node accommodating the
destination terminal into the expansion tag storing area 2301
and transmits the frame to the port corresponding to the above
node ID with reference to the corresponding table.

A relay node transfers the-frame according to the node
ID written in the expansion tag storing area 2301. The node
accommodating the destination terminal transmits the frame
to the terminal having the MAC address written in the area
of the destination MAC address 2201 of the .frame. By these
operations of the respective nodes, the frame tfansfer can
be realized.

Although the size of the expansion tag storing area
2301 of the frame of Fig. 33 is not restrictive, when

transferring the frame by using the frame described in Fig.
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tag storing area 2301 is four bites, there is a
possibility of failing to cope with the frane

transfer when the network 10,js enlarged and the

nunber of the nodes is increased. As counterneasures

agai nst this case, the network is logically divided

into every domain and this use of the domain [IDin
addition to the node ID enables the frane transfer.

NagBl Vit 8§ dbleRat 8ReMihd b thexPinsSbR%aly $oring
frame 15 of the structure with an expansion tag

| NhPEAB23OD B @he’ @Rl asl Ohel S15LE MG HNCTARTRRG Afka 2203
added in front of an expansion tag information area

2602e0@r firtasis dnt ondet e andbleRiad tiraas fetradeen firafiRe case
transfer can be realized even in a | arge sized

nevher®. tROrei gls@7eshowsthdencdesictapairlexainmhandfing only
forwarding tags 2500-1 and 2500-2 stored in the

exphe Jiremasagisthy cegveatdgnal(Athgrmty indg migfed way within
conponents, address type areas 2901-1 and 2901-2 are
areh® 2e¥veEkeri bing the type whether the address

witten iq¥t e address area 2 02-1Fﬁnd 2902-

5 .
i ndi cat es frodd "B FaEReY Bhi FD'.Sth‘PfréTeereém?é‘Slon
e B T LRSS SAGER A0, o ir ey
ar&ﬁsfaz.i.%.qgiqi +and ﬁg%@h tggeto%rraﬁlfeeq:frtﬁlﬂst‘fgg Qﬁ?ge{he network
corréspondi-ng tabre, and detérm ne the —outpu

desd i it d Y P Udd Hhd Mo r AL Hodfad Y %zriéflé%sed.

case of transmtting a frane from the term na

accomodatzggfcolint 8emBagEere2 AdhidstFkHi s3®asd O the Adwork is
term nal accommpdated in the node 32021, will be

deayideddly dipodedeintipevery idimdimnand futis tbe cfothé domain

t%&?igﬂéddition to the node ID enables the frame transfer.
Namely,-as shown in Fig. 36 and Fig. 37, by using the frame
of the structure with an expansion tag information area 2602~1
for inserting the domain ID added in front of an expansion
tag information area 2602-2 for inserting the node ID of the
frame, frame transfer can be realized even in a large sized
network.

Fig. 37 shows the structural example of forwarding
tags 2500-1 and 2500-2 stored in the expansion tag storing
Varea 2301 of Fig. 36. Of the components, address type areas
2901-1 and 2901-2 are areas for describing the type whether
the address written in the address area 2902-1 and 2902-2
indicates the node ID or the domain ID. With reference to

the address type, the respective nodes can know the type of

each address written in the address areas 2902-1 and 2902-2,
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t he node 32034 inserts the node I D of the node 32021

accommodati ng the destination termnal and the donain

ID of 10 the | ogical networke202 including this

node, into the expansion tag storing area 2301 of the

frame, and transmts the frame to the node 33032 with

reference to the corresponding table within the node.

The node 33032 transmts the frane to the node 3307

15 rg@ifelr tef thermeoper ardnrddombirgy rtableyr ahdedeikariniae the

expansion tag storing area 2301. In the wi de area

nePWsPRt3destingtiphappyt ofietheafirams.transferred to

the node 3301 with reference to only the domain |ID

written i A8 RNSRBARBEEN thrycasent syanspatiiny difname from
01 knows 20 that the domain ID

fr% .. Since the node %%3 .

or EPECHETRIRAL RS OmuodRted giridie Mgas 6303430 Fag. 35, to
dj to i [f, it .delet ' tag.

ot shEnEenpnal SBacsmmpaEere TRohiE o te wit 02 tn Witbrbe

th Eéﬁﬁedand transfers the sane frane to the node

33 % e node 3303 transfers the frane to the node

32021 wit t : . |
he. expancii Faoeater Dhg ar cor 9302 ~ah §AppESREES k diminal,

COtRESROAE! i 310 3 8D 18z exS H1CEnE "o @O 32O 2hd | ¥iSe L8621

the node ID witten in the expansion tag storing area
238dconfiddof iid&Hec debtedationetétmi A&1 sld tvhed8omblin ID of

- del etes the expansion tag storing area 2301 fromthe

f reime boglicalnsdtaverk t3207 riomeludiddetiiy modd, into the
According to this, it becomes possible to transfer a

f resRanglonitég sheripgnarey 23¢k & tbef fyamed &yd usiangpmits
the invention. The corresponding table to which the

ndeRe rigtae ta theaqdest3hnsitdr ndfaraiaaceddte

correspondence between .
corresponding table within the node.

The Inode 33032 transmits the frame to the node 3307
wj.th reference to only the domain ID written in the expansion
-tag storing area 2301. In the wide area network 3201,
similarly, the frame is transferred to the node 3301 with
reference to only the domain ID written in the expansion tag
storing area 2301 of the frame. Since the node 3301 knows
that the domain ID written in the expansion tag storing area
2301 is adjacent to itself, it deletes the expansion tag
storing area 2301 having the domain ID written, from the frame
and transfers the same frame to the node 3303. The node 3303
transfers the frame to the node 32021 with reference to the
node ID information of the expansion tag stdring area 2301
_and the corresponding table. Since the node 32021 finds that

the node ID written in the expansion tag storing area 2301
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each node I D or domain ID of the destination and each
destination port, and it can be created based on the
10. information fromthe seryg_ for managi ng the
networ k. As nentioned above, although the invention
has been described by citing the preferred

enbodi nents and exanples, the invention is not
restricted to the above enbodi nents and the exanpl es,

bubfvaheouvecandeli EabinenssmBlebgelBdRote | oWt dddetes the
departing fromthe spirit and the scope of the

t eelkpagaton thsy seborfiogt ArbaraSolaieve, thd e fand andngransfers
effects can be achieved by the invention. At first,
bytHevidang thetBpaharminai ceAcoondenegryo tiohsj nitilnécomes
every network), it is possible to shorten the 20
coRPEgLPhe| bA trapsbert Acfspamnbngusies thesspaaniyg tree
Accordingly, even when the size of a network is
enFaRELUTEd bY weiaghthet BNERRBEIQR- the tine required

when’ cont (HE RFRaB I hgblecto Sitidi e node Feflrs at
' 1L, | bl e .t hor t th

Cohtt GEFafs o i aEE SFlofs S HAG T eagondanspy between

e ag U Y SRR LM JeS il Ko

chadgiesn 4 ko PUHOUT atd on i aduad !dreé/\ggd q%agéékp%r{‘gzhe

one of the network locally, and in order

I eDofd i forl hEeroiiOlife SBHVEF Keor tmadAPihd Rendaleldek .

tenporarily even in a place distant fromthe failure
occurri ng Azoskehitdbnedhaboegpadlitiigh theweneention has been

restrict the failure affecting area to a mnimum by

didestimipdadbyspahinggtie erafierredvempodimenhs and examples,
the ihvention.is not restricted to the above embodiments and
the examples, but various modifications may be made without
departing from the spirit and the scope of the technique.

As set forth hereinabove, the following effects can
be achieved by the invention.

At first, by dividing the spanning tree into every
domain (into every network), it is possible to shorten the
configuration time of the spanning tree drastically.

Accordingly, even when the size of a network is
enlarged, it is possible to shorten the time required to
configure the spanning tree to a high degree.

Even when configuring the spanning tree on the

" multiphase, it is possible torshorten the configuration time
of the spanning tree.

At second, when changing the configuration of the




-106 the claims: 1. A network systemfor setting a
transfer path according to a spanning tree on a
network connecting a pluraliy. of nodes, wherein two
di fferent networks are connected by a partial 5
network consisting of at |east four nodes

. accommodating no termnal, and the node bel onging to

said partial network configures and nmanages a

Spapanhdnig’ €fed VwitNLEY a 2hRLrRet ¥ koddieateBhallOtébenique
selt-partial network, 10 according to a spanning tree

pr ehaagkes £heTdenfibdwed ki Gy sfrefasl 961 wihdilehskbppbiaignone of
1, where said partial network is fornmed by a I1nk
cothechehgorkaldcabhpsidmel nodes,deandocaehopéiiguné the whole
nodes for the sane nunber as formng 5 said partia
neDREWRIrks débnAtepedthe eatwoukftemparantivoewren3in Theplace
network systemas set forth in claiml or claim 2,
wheigrantfrembae feddpreecuwr ping pppiyion. Thdssembodiment,
ungts whi ch determ nes an o igut destination port in

ev

PYeLst d G FPEFT ﬁ%FMffag g8 APt L AFRatE DA minimon
d f.an input. f d aplurality of t
o oo AR e B8 P a8 SPEea TR FreRT ranathr

said partial network and said network, -107 10 5
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according to the spanning tree protocol and transfers

a frane . 4. The network systemas set forth in claim

3, wherein said node conpriggs said tree manager

whi ch manages the spanning tree of the self-partia
network, a virtual port which packs into one the

output ports to said self-partial network which
connects said transfer wunit. 5. The network system as
setrtnf @hkhciAigkai m 4, where said node conprises the
several transfer units which deterni nes an out put
destination port in every said partial network, based

on a 5 destination MAC address of an input frane, an
RPR.frane Araetverkusystewi £or decetimges eransfer path
destination RPR address, a ring ID, and an out put
dedfrpadisg tpoft spdaséugohreqeodest netwvork dhecting a
address_of the input frame, the several tree managers
whPERT8bhEY gaf eBOdeS paWieHginio tree for every said
partial network, according to the spanning tree .
prot ocol aheP t1ahkGEsRt PIFERREKS AN CORIARIRD W ch partial

PRALRIEI eoh LAY k. b g BN FonECBhiiRs  SeaibTa bing no
n%fr adg Managing the spanning tree of the
sefftina]

al network and said RPR frane transfer unit
and puts tifig Hejut ﬂgﬁqr . lﬁﬁ;-- artd
networ k toget her&.éj-bleg'gﬂal e_Jriest%/\%orbre syéltdéiml{g‘g&‘}soertk
forth in deifMguradh iRl markiids W lsTBIARS 1SUPHcievery

other network adjacent to the self-partial network,

-according to a spanning tree protocol.

2. The network system as set forth in c¢laim 1, where
said partial network is formed by a link connecting

said opposite nodes, and
- each pair of the nodes for the same number as forming

said partial network is connected to each different network.

3. The network system as set forth in claim 1 or claim
2, wherein

said node comprises

a plurality of transfer units which determines an

output destination port in every said partial network, based

- on a destination MAC address of an input frame, and

a plurality of tree managers which configures a

spanningtreeforeverysaidpartialnetworkandsaidnetwork,
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a TTL checker which discards the frame with reference
to a TTL value, and a TTL controller which perforns
addi ti on and. subtraction ofivthe TTL value. 7. The
network systemas set forth in claiml or claim 2,
wherei n said node conprises a plurality of transfer
units which determnes an 5 output destination port
in every said partial network, based 10 5 on a
de3CFRATIAAE taNCha dihesws nef t vee pmotrochi e} taapsfieasis frame.
of tree managers which configures a spanning tree for
every said partial network, according to the spanning
trge protocgl and transfers a frame, and a BPDU

dént i fyi ng*aMe ‘Wﬁ]i: FY§&CE APneSt AL 9% e imRAadsy 3ofwherein
an out put ?esélna on_of an, I nput BPDU frane

accordi ng o nfTFREYSeB.  The network system as

ni ¢ comprt o 2 fand 6t Sp R BePadE e e SRARRIng tree of
|nggét§e§f1ﬁgr91alan§%$0£ﬁags or blts) for identifying
the tree nahager, fdentifier deleting unit

whi ch del &4 Qiirttlil%lt 1@6}:@ rWl'Ilh.'ﬁl Bialkt §H§o (B'neb khd) o ports
for identifying the tree manager. - . The net

Syist esa s self HpttidIn rtvdine vﬂ‘_flc?d Q’!dﬁne‘bt:t&rw transfer
claim8, wherein said node conprises
unit.

5. The network sysﬁem as set forth in claim 4, where
said node comprises
theseveraltransferunitswhichdeterminésancmtput
destination port in every said partial network, based on a
destination MAC address of an input frame,
an RPR frame transfer unit which determines a
dest_ination RPR address, a ring ID, and an output destination
port, based on the destination MAC address of the input frame,

the several tree managers which configures a spanning
tree for every said partial network, according to the spanning
tree protocol and transfers a frame,

a TTL manager which performs subtraction of TTL and
discards the frame by the TTL, and |

the virtual port which connects said tree manager for
managing the spanning tree of the self-partial network and
-said RPR frame transfer unit and puts the output port toward

‘the self-partial network together.
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an address learning unit which creates a table, based
5 on an input port and a source MAC address of the

received frane, and a tabl ejghi ch determ nes an

out put destination port by using the destination MAC
address as a key. 5 10. The network system as set

forth in claim9, wherein said table conprises a
destination MAC address field which describes the
destinati on MAC address, and an output port field

whi ch descri bes an output destination port

cofrespondThg netwdrk dgastiemansoseMfdruidresdaiml5, Thirerein
network systemas set forth in claim1, wherein said

node conprfatd BThImpRR9ey efmpyi¥eter units which

determ nes an_output destination port in every sai

parti al net? iorKCheglees whdghahl s § tibeaf rame W&@hdfe%fhrence
ut _f nmul ti phase tree nmanager which
ﬁ i@gegagﬁﬁnn?ﬂ tree for every said partial
t k |

Qse?“y". derd T o L SRR (er 55, R AR B

1osgbgkg&£iggjopogﬁewgt§ran eects_sald mul ti phase

tree manager and sai r unit and puts the
out put port toward the self-partial network together.

7. The network system as set forth in claim 1 or claim
2, wherein

said node comprises

a plurality of transfer units which determines an
output destination port in every said partial network, based
on a destination MAC address of an input frame,

a plurality of tree managers which confiqures a
spanning tree for every said partial network, according to
the spanning tree protocol and transfers a framé, and

a BPDU identifying unit which determines a tree
manager of an output destination of an input BPDU frame

according to an identifier.

8. The network system as set forth in claim 7, whereiﬁ
said BPDU identifying unit comprises
an identifier inserting unit which inserts a tag or
a bit (tags or bits) for identifying the tree manager, and
an identifier deleting unit which deletes the {:ag or

the bit (tags or bits) used for identifying the tree manager.

C Mgzt




12. The network systemas set forth in claim3 through
claim?7 and claim9 through claim 11, wherein said
node conprises a failure detegg-or which detects a
failure through transm ssion and recei pt of keep
alive frames. 13. The network systemas set forth in
claim 12, wherein said failure detector conprises a
signal separator which separats the keep alive franes
fromthe other frame, and a keep alive signa
transmtter/receiver which transmts and receives the
ke@p al i veThegmelewonk syRtemasweek E9stlknmanyerntopfhclain
inclaim12 or claim 13, wherein said node conprises
a frEhBoBeEBcRLAduRY t WRBFeRcuts of f the port at a b5
time of double failure. 15. The network system as set
forth in c?%}ﬁwﬁ?d%WEﬁ%P¥Fs%%id node conprises a

lurality of t f i1s whi.ch deterni
out put destt AATSREpHFTEHIAL AL Whah SAFALaS hiphype based

e i e 44814 528l St LA BN roceivea

SPEPAhEY ahdee for every said partial network,
according to the spanning tree protocol in every

identificai itaiblleaghQEnt derdARiked A BuLRlY dddt8nhffon port
operation unit which inserts and del etes an

| dentudimattion dégtination MAC address as a key.

10. The network system as set forth in claim 9, wherein

said table comprises

a.destinationhﬂk:address field which describes the
destination MAC address, and

an output port field which describes an output
destination port corresponding to the destination MAC

address.

11. The network system as set forth in claim 1, wherein

said node comprises

a plurality of transfer units which determines an
output destination port in every said partial network, based
.on én identification tag of an input frame,

amultiphase tree manager which configures a spanning
tree for every said partial network, according to the spanning
tree protocol in every identification tag of the input frame,

and
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16. The network systemas set forth in any one of _
claim 3 through claim 15, wherein said tree manager
conprises a tree controller_ywyjch determnes a state

of a port according to the spanning tree protocol, a

BPDU transmtter/receiver which transmts and

receives a control signal (control signals) of the

spanning tree protocol, and a port bl ocking unit

whi ch cl osasvorteaensost pilch tonhécts Badd mALEipHade tree
spanning tree on a network connecting a plurality of
nomasageorgrd sang tienSfdy ond hgsl ppss afhe oohpuyporgtoward
a partial network which connects two different

nether R€lbypantindanetwpokr tagdbbercconmodati ng no
termnal; and configuring and nmanagi ng a spanning tree

for every other network adjacent to the self-partia

ne %ork, ccording to a spanning treetggqtocol_-llz 5
161 2The’ nolE® RETEFTH GUFEAT %61 B EPEtBodBr FLRHY 1 Hehrough

f ol | owi t £ i qurj i d_partjal network
oyCI8EPnE SoRnebetRgY Eariehpebite hoacebSraiR
connect i ngs £A§ g@érc%p%gegodes for the sane nunber

as formng said parti work to each different

network. 1.6, NOAR1AZ+6E! vhithNablebhd! I i Plire through

claim 18, conpri sing:
transmission and receipt of keep alive frames.

13. The network system as set forth in claim 12, wherein
said failure detector comprisesr
a signal separator which separats the keep alive
frames from thé other frame, and |
a keep alive signal transmitter/receiver which

transmits and receives the keep alive frames.

14. The network system as set forth in claim 12 or claim
13, wherein

said node comprises

a frame blocking unit which cuts off the port at a

time of double failure.

15. The network system as set forth in claim 1, wherein
said node comprises
a plurality of transfer units which determines an

output destination port in every said partial network, based
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a plurality of transfer units which determ nes an

out put destination port in every said partial network,
based 5 on a destination MACimddress of an input

frame; and a plurality of tree nmanagers which

configures a spanning tree for every said network,
according to the spanning tree protocol and transfers

a frame. 20. The node as set forth in claim 19,

compr @pi adensaifdcatéennmhnrggef whechnpahafesmehe

spanning tree of the self-partial network, a virtua

port whi chapaditd phase orre managerpltigueeosfigureaiadspanning
sel f-partial network-which connects said transfer ]
unfFeetrT eRerysdddrasetat BetHork, Acaandigyg to the spanning
coggrisin . t.he several, trangter units which .

deFEPRIBRE- AP o fite e dfPRALF dAapoPR T3 ofcthe dapyt frame,
paghhal net work, . based on a destination MAC address

of “an input frame; -113 5 an RPR frane transfer unit

T ha el 4G Sorfer 080 NGO SIS0 Shd d¥ietes an

I D, and an ou nation por

dephbned  PPa MEn agdggess of the input frame; the
several tree managers which configures a spanning

tree for every said partial network, according to the
spanning 10 tree protocol and transfers a franme; a

TTL6 managerthevhethropdr EgsiBemsabtsdEticutpfinldhyadfle of claim
di scards the frame by the TTL; and the virtual port

f o3 Tonmegh ikpimi Ib t vdemsmirager  whi ch nmanages t he
spanning tree of the self-partial network 15 and said

RPR f r ane Saighdinge wanagew qempdisegst he out put port

a tree controller which determines a state of a port
according to the spanning tree protocol,

a BPDU transmitter/receiver which transmits and
receives a control signal (control signalsg) of the spanning
tree protocol, and

a port blocking unit which closes or opens a port.

17. Anode forming a spanning tree on a network connecting
a plurality of nodes, comprising the following steps of:
confiquring a partial network which connects two
different networks by, at least, four nodes accommodating
no terminal; and
configuring and managing a spanning tree for every
other network adjacent to the self-partial network,

according to a spanning tree protocol




.toward the self-partial network together. 5 22. The

node as set forth in claim?2l1l, wherein said TTL

manager conprises a TTL checkgs_ which discards the

frame with reference to a TTL value, and a TTL

controll er which perforns addition and subtraction of

the TTL value. 23. The node as set forth in claim18,
conprising: a plurality of transfer units which

detlér.nm nesThe nodépds gest Fopth Oin POL4im N BY eEdmSAiding the
partial network, based on a destination MAC address

of fohéownpgt stepaepfa plurality of tree managers which
configures a spanning tree for every said partia

net wor k, aeenfigwying satideoapaiml ngtwoek by atldad camuecting
transfers a frame; and -114 a BPDU identifying unit
whEghddePepsikesnadefeeandmnager of an out put

destination of an,input BPDU frame 10 according to an

i denti fi erCOBPSLingEachiRatE afethe flades AOE s age number
T aBhet Frafy i MR SRR focPrehat dgegnt e twork.

bit (tags or bits) for identifying the tree nanager,
and an identifier deleting unit which deletes the tag

orighe bi tpfd &}Qﬁiéﬁa}]&iééé #5384, T9f c!lda?]'g&ifﬂidlg él‘h%mfls,

tree manager. 25. The node as set for I'n any one 0
cl @bmpAs iy ough claim 24, conprising

a plurality of transfer units which determines an

output destination port in every said partial network, based

on a destination MAC address of an input frame; and

a plurality of tree managers which configures a
spanning tree for every said netwbrk, according to the

spanning tree protocol and transfers a frame.

20. The node as set forth in c¢laim 19, comprising
said tree manager which manages the spanning tree of
the self-partial network,
- a virtual port which packs into one the output ports
to said self-partial network .which connects said transfer

unit.

21. The node as set forth in claim 19, comprising:
the several transfer units which determines an output
destination port in every said partial network, based on a

destination MAC address of an input frame;
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an address |learning unit which creates a table, based
on an input port and a source MAC address of the
received 5 frame; and a tabbeswhich determ nes an

out put destination port by using the destination MAC
address as a key. 26. The node as set forth in claim
25, wherein said table conprises a destination MAC
address field which describes the destination MAC
address, aAfd BARofrpue povansferl dnwhi whidesdetéeminas a
output ~destination port corresponding to the

deé@ﬁﬁapﬁl&ﬁome&?R aalal.reg@ ; @ FiRGIDy anthan syddudsdestination

forthtwﬂ?cla m 1 ngr|3|ng (Plural|t of transfer

unPPE Kot BPetr Aes éﬁatéeflr?@t §€§F ?ﬁﬁtqfohhﬁdﬁ’tpqﬁwfr ame ;

every said_parti al based

Cdenti 11 catharf VAT Ay CEF FABGESE PO HOADF i FBRa8 @ Spanning

tree-081a0 s.a _spanni n tree f

evg?y sal dg%%]\@?lsélqdcné{%\ngﬁ %33%’?: v ity ctc%:cp%g Eﬁfﬁﬁ fRanning

{1 8808 LAEGLol NaRUCEXahURBLLT LOBELAD 1 20 Of the T nput
frame; and a virtual connetts said

mul ti phaseatﬂlﬁﬁma%gg@%nﬁﬁfﬁhz’%@rﬂrﬁ’s ARSI 1 Bfa'f‘flL and
puts the output port toward self-partial network

t ogbsberds 26he Theamodsy asheetri prafigi n any one of
claim19 through claim22 and claim25 through cl aim

27, conprithengriartuwal perteiectasnmditihdaieid arée manager
failure through
which manages the spanning tree of the self-partial network
and said RPR frame transfer unit and putting the output port

. toward the self-partial network together.

22. The node as set forth in claim 21, wherein

said TTL ﬁanager comprises

a TTL checker which discards the frame with reference
to a TTL value, end

a TTL controller which performs addition and

subtraction of the TTL value.

23. The node as set forth in claim 18, comprising:

a plurality of transfer units which determines an
output destination port in every said partial network, based
on a destination MAC address of the input frame;

a plurality of tree manageré which configures a
spanning tree for every said partial netwbrk, according to

the spanning tree protocol and transfers a frame; and
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transm ssion and recei pt of keep alive frames. 29. The
node as set forth in claim28, wherein said failure
detector conprises a signal _geparator which separates
the keep alive franes fromthe other frame, and a
keep alive signal transmtter/receiver which
transmts and receives the keep alive franes. 30. The
node as set forth in in claim28 or claim 29,
conpri si ngaaBPDIMdbhatkyhgguant twithébhcdétephinébea tree
port at a -116 5 5 tinme of double failure. 31. The
nod@nagegeff ant butputl destidatdompoifsianginpupl BPRUI £yame
of transfer units which determ nes an out put
dedfrRading {6r 8n aAdensifisaid partial network, based
on an identification tag of the input franme; a
mul ti phase tree manager which configures a spanning

net work, _according to the

t f i d ti

spafini ng  TPELRBHB: BRoPeF nERUERy LR SRR IR 44t | BRETELEP of

the input %ggge- nd.a tag operation unit.which

inserts an I%?%@ %%enihEYﬂgﬁtP?%gaf?TPF%%&ﬁ 32. The

node as sebnfQiddti AN o0 ahPLALT JRi R M-l tag or
erein sald tree manager conprises a tree controll ér

Whi Chi el 483 &S 1A 182l 0t g@nR9Fying the tree manager, and

an identifier deleting unit which deletes the tag or

the bit (tags or bits) used for identifying the tree manager.

25. The node as set forth in any one of claim 19 through
claim 24, comprising:

an address leafning unit which creates a table, based
on an input port and a source MAC address of the received
frame; and

a table which determines an output destination port

by using the destination MAC address as a key.

26. The node as set forth in claim 25, wherein
| said table comprises

a destination MAC address field which describes the
destination MAC address, and

an output port field which describes an output
destination port corresponding to the destination MAC

address.




5according to the spanning tree protocol, a BPDU
transmtter/receiver which transmts and receives a
control signal (control signahs) of the spanning tree
protocol, and a port bl ocking unit which closes or
opens a port. 1033. A spanning tree configuration
nmet hod of configuring a spanning tree on a network
connecting a plurality of nodes, conprising the
fol27awi ng Thepsogd: as08ELyEbFAE anpalhiml 196t ¥Wekkrising:
whi ch connects two -117 5 different networks by, at
| east, foua pddealatgoofivtdatnsfernaniesnwhacth dd8tlermines an
configuring and managi ng a spanning tree for every
ot RetPHt 4% kinalf ber portoinevesst Sapdrpantiabiwdmork, based
according to a spanning tree protocol. 10 34. The
sp&ﬁnﬁﬁg1ﬁﬁ§§l§éﬁﬁﬁgeﬂatﬁ§nOﬁeﬁhodnngtséramerth in
claim 33, conprising: a transfer step of determning

d an out put adsitiphase tiRe ﬂaPEQW&RA%FﬁnﬁaEPFQﬁ a spanning

b d d ad f
B BB by oo S Eooponios
I t
SPERELI S5 LR AL XBALIRBELARh IR 1B e sovuc. £rame;

trgpgferring a frame. 35. The spanning tree
configuration nethod as set forth in claim 34,

conpri si ngy S@u@l:da{le%dﬁn%&bh%éﬁn%k%h Hg&%ﬁ@ftwﬁase tree
spanning tree of t self-partial netwo
10 manager and said transfer unit and puts the output port toward

the self-partial network together.

28. The node as set forth in any one of claim 19 through
claim 22 and claim 25 through claim 27, comprising
a failure detector which detectes a failure through

transmission and receipt of keep alive frames.

]
29. The node as set forth in claim 28, wherein
said failure detector comprises
a signal separator which separates the keep alive
frames from the other frame, and
5] | a keep alive éignal transmitter/receivér which

transmits and receives the keep alive frames.

. 30. The node as set forth in in c¢laim 28 or claim 29,
comprising

~a frame blocking unit which cuts off the port at a
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a step of connecting said transfer step by a virtua
port which packs into one the output ports to said

sel f- partial network. 36. Thesspanning tree
configuration nmethod as set forth in claim 34,
conprising: said transfer step of determ ning an

out put destination port in every said partia

networ k, based on a -118 5 destinati on MAC address of
an timpubif dembleafaRPRrerame transfer step of
determning a destination RPR address, a ring ID, and
an output destination port, based on the destination
MAC address of the input frame;, said tree nmanager step
of3éonf|gu?hﬁgnadgpaﬁnﬁﬁb foreh in ¢baimvi8y eamprising:

parti al netmoi iccordln to the spanning tree
protocol aRdPRER %EYr?ﬁg RS e U%ﬂﬁﬁlw%%ﬁ%g®$t%¥ﬁﬁpes an

bt t TTL di di
rr SREbRS Wt ange '5 &%ﬁvmcs%‘ﬂ R oA HPEE, based

t f th
??ggér??gﬁtﬁé GBI ot (BRI PR step
th h t
s s A

Spereé BoridRer¥ 8RE HPHALI O nSBIBLR, %%c%%fdlfn%f £& thlerhpannlng

claim 34, wherein said TTL nmanager step conprises
TTred eeoebcsiiepn dfvediySLaéft N8 & §€i bk AWy ¥k tdhe input frame,

reference to a TTL value, and a TTL controller step of
pexndr m ng additi on and
a tag operation unit which inserts and deletes an

identification tag.

32. The node as set forth in any one of claim 19 through
31, wherein

said tree manager comprises

a tree controller which determines a state of a port
according to the spanning tree protocol,

a BPDU transmitter/receiver which transmits and
receives a control Signal {control signals) of the spanning
tree protocol, and

a port blocking unit which closes or opens a port.

33. A spanning tree configuration method of configuring
a spanning tree on a network connecting a plurality of nodes,
comprising the following steps of:

configuring a partial network which connects two




subtraction of the TTL value. 38. The spanning tree
configuration nethod as set forth 1in claim 35,
conprising: said transfer stepy-of determ ning an
out put destination port in every said partia
networ k, based on a -119 destinati on MAC address of
the input frame; said tree manager step of configuring
a spanning tree for every said partial network,
acdoffemgntonthwospanhypgatt teaspy ofoanl nadds accommodating
transferring a frame; and a BPDU identifying step of
deftér veBMAgad;t eed manager 10 step of an out put
destination of an input BPDU frame according to an
i denti fi er COBDIIYRENG pAhiMAPATiaW @oaPRGILA0 shefefoBdvery
as t forth jn ¢laim38 wherein said BPDU
i dgﬁSFFyPﬁEWQFBpaéaﬁs?ngeéoahh? deptfrpartiakenetvigrk,
steg of Lnsegting atag or, a bit étaﬁﬁ or bits) for
i dBREPFYIAG §Qi @ TPRRRARALLETe SPEPEOSRE- an i dentifier
del eting step of deleting the tag or the bit (tags or
bits) used for identifying said tree nanager step. 10
4034 The spapdi : [ '
fo?ztIh in any n%%%c?g?%%ﬁé%ﬁféﬁg%m E?,SSE set forth
COMpréBai: 38N AGbLessihgarning step of creating a
table for determning an output destination port by
usi ng the a deshisiali Orep/PE d6Es Bfitn BSg arkeltphesishtdhation
an input port and

port in every said partial network, based on a destination

MAC address of an input frame; and
a tree manager step of configuring a spanning tree

for every said partial network, according to the spanning

tree protocol and transferring a frame.

35. The spanning tree configuration method as set forth

in claim 34, comprising

said tree manager step which manages the spanning
tree of the self-partial network, |

a step of connecting said transfer step by a virtual
port which packs into one the output ports to said self-

partial network.

36. The spanning tree configuration method as set forth
in claim 34, comprising:

said transfer step of determining an output

destination port in every said partial network, based on a
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a source MAC address of the received frame. 41. The
spanni ng tree configuration nmethod as set forth in
clai m 40, wherein -120 said-tagle conprises a
destinati on MAC address field which describes the 5
destinati on MAC address, and an output port field

whi ch describes an output destination port
corresponding to the destination MAC address. 42. The
spdesitigattiea ¢adf addressopfmanhddpas £etmberth in
claim 33, conprising: the transfer step of determning
an out put adeBPRnirhwme pvansierestep ofi depermining a
network, based on an 5 identification tag of an input

 frdpetingtine RRR rdgkass 12 sdngaFRgendseppudput destination

conf i ur| pannln ,tree for every said partia
nePRGMK, %%%%Pau%e fiﬁs Hétéﬁﬁ%ﬁchad# ges ;S?%EB% dnpyt frame;

every |dent|f| ation tag and

step ol coftediiny 474 ﬁmﬁe@ﬁg@q%@fl%%@ﬁ Bagfdgy tree
pufpEnePebhotatieil Ehet DEREPER  haCLEfRipR  toofhe spanning

et yeek pEBGBLDP and3erdhecSPARALIG ErgicONt | guralfon

met hod s set In any one-o nf 33 t hrough

claim 35 aé“i"l‘ﬂ ﬁt‘aﬂ‘aﬂ_{@rt Q{:Qﬂ%‘f @i dPrfidg %ﬁ%&"a\%ltﬂgnaof TTL
failure detecting step of detecting a failure
t hand ol §¢&PETHGSERE BR&né a5l Bhe OfTKEEHAl | Ve frarfES-
a step of connecting said tree manager step of
managing the spanning tree of the self-partial network and
said RPR frame transfer step through a virtual port for

putting the output port toward the self-partial network

together.

37. The spanning tree configuration method as set forth
in claim 34, wherein

said TTL manager step comprises

a TTL checker step of discarding the frame with
reference to a TTL value, and

a TTL controller step of performing addition and

subtraction of the TTL value.

38. The spanning tree configuration method as set forth
in claim 35, comprising:
said transfer step of determining an output

destination port in every said partial network, based on a
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44. The spanning tree configuration nethod as set

forth -121- in claim43, wherein said failure

detecting step conprises a sjignal separating step of

separating the keep alive 5 franmes fromthe other

frame, and a keep alive signal transmtting/ receiving

step of transmtting and receiving the keep alive

frames. 45. The spanning tree configuration nethod as

setlebbihhtion BMAQi atdBess 6FathedfupeOnpraméng a

bl ocking step of cutting off the port at a tinme of

doubl e fai $a£'tcéi:r5e46an§@er s&aprbf]g:omfé.gucdnt;iagspah’ndng tree
nmet hod as set forth in claim33, conprising: the

t r BAEfeVery epaid pRtbial nhegwerk placeerdiegtinatherspanning
port in every said_partial network, based on an 5

i d*éﬁ??fpré%*f-%%lt%@dotr@h%ffﬁmmgfa 2Fame hea®dy| t | phase

tree manager stgf of ¢ nflgurlng a_ spanning tree for

ever y part? BFPHetdRR %&%F&Pﬁg’fi getREMiBARAR hyepmanager
%ﬁ%ﬁgén%n PEYRF 5 d%%tefll%"ff 3 o2t Lpak el frghEppcording

de{ ti if%g%“flcatlon tag 47 The spanning tree
con |gura on nethod as set forth in any one of claim

34 through claim46, wherein said nultiphase tree
manager step conprises -122
39. The spanning tree configuration method as set forth

in claim 38, wherein

said BPDU identifying step comprises

an identifier inserting step of inserting a tag or
a bit (tags or bits) for identifying said tree manager step,
and

an identifier deleting step of deleting the tag or
the bit (tags or bits) used for identifying said tree manager

step.

40. The spanning tree configuration method as set forth
in any one of claim 34 through claim 39, comprising:

. an address learning step of creating a table for
determining an output destination port by using the
destination MAC address as a key, based on an input port and

‘a source MAC address of the received frame.

41, The spanning tree configuration method as set forth

in ¢laim 40, wherein
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a tree controller step of determning a state of a

port according to the spanning tree protocol, a BPDU
transmtting/receiving step_pfgtransmtting and
receiving a control signal (control signals) of the
spanning tree protocol, and a port bl ocking step of

cl osing or opening a port. 10 48. A spanning tree
configuration program of running on each node form ng
a spanni ngshieetabla aehppikesonnecting a plurality

of nodes, conprising the follow ng functions of:

conf i guri ng degairtatalomeRrdoaldnds s hf peidhedtiticht descbibes the
different networks by, at |east, four nodes
acteatbuating MAC addresal ;amdd configuring and
managi ng a spanning tree for_every other network

adj acent t¥* tPletREE fRgak t £ Lo afhirik , deseeidiel mp ttput

spanni ng tree protocol. 10 49, The spanning tree,

co ??5b3%?+%ﬂ PPohraptaesRerdiRg t ko The c(fefhingtion MAC
conprising: a transfer function of determ ning an

oung SQestination port in every said partia

networ k, based on a 5 destination MAC address of an
input frame; and a tree manager function of

COLY | guri Rghea o3 %ﬁ&h@g%:ﬁéée@or{ﬁ%lgflﬂi’oﬁ et HRAY ‘éblaéea% dforth

networ k, according t e spanni .tree protoco
tramsdRidm B 2 donPlis Bfy: The spanning tree

configuration programas set forth -123 in claim 49,
conpri si nghe transfer step of determining an output
destination port in every said partial network, based on an
identification tag of an input frame;
the multiphase tree manager step of configuring a
spanning tree for every said partial network, according to
the spanning tree protocol in every identification tag of
the input frame; and
a step of connecting said multiphase tree manager

step and said transfer step through a virtual port for putting

the output port toward the self~partial network together.

43, The spanning tree configuration method as set forth
in any one of claim 33 through claim 35 and claim 40 through
claim 42, comprising

a failure detecting step of detecting a failure

through transmission and receipt of keep alive frames.

44. The spanning tree configuration method as set forth -
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a function of connecting' said tree nmanager function
of managi ng the spanning tree of the self-partia
network and said transfer fypction through a virtua
port for putting the output port toward the
self-partial network together. 51. The spanning tree
configuration programas set forth in claim48,
conprising: the transfer function of determ ning an
outiputlad@@stiBpayhepeprrt in every said partia
networ k, based on a destination MAC address of an
i nput frameaidnf&PRufe adetddahsd estép NEdhmr ods
deternmining a destination RPR address, a ring ID, and
an out put adedgnadtseparpoing shepeolt sephiratdagttimakeep alive
MAC address of the input frane; the tree manager
f URERINEH Bromohie gukhen ér@m@nnang 10 tree f or every
said partial network, according to the spanning tree
protocol ahdeamRdiyer BAgnalt taaRSMAtFINgABRGgEYing step of
fu ction, of erfo suptraction of TTIL and

EAPERIGEIRG SPGnEe TR YHRs To8s oeb i ToAReR -

connectlng said tree manager function 15 of nanagi ng
the spanning tree of the self-partial network and

sapgl RPR Tgame %%%ﬁf e£r%%%&ﬂ@fq&{gt%%?fg n&%h‘ﬁ' od g?' set forth

port for putt por
~ PEd LB MAAIK cILGRUIES - cifpriHiaopanni ng 1 ee
or

configuration program as set n cl ai m 49,

wherein - 24308l g dte PRV HMICHEE N KO PUPS QT 8 time of
TTL checker functlgn of dlscardﬁﬁgpthe fraEEgMAth ime o

r edansheefdidwrel.TL val ue, and a TTL controller
function of
46. The spanning tree configuration method as set forth
in claim 33, comprising:
the transfer step of determining an output
destination port in every said partial network, based on an
identification tag of the input frame;
the multiphase tree manager step of configuring a
spanning tree for every partial network, according to the
spanning tree protocol in every identification tag of the
input frame; and
a tag operating step of inserting and deleting an

identification tag.

47. The spanning tree configuration method as set forth

" in any one of claim 34 through claim 46, wherein

said multiphase tree manager step comprises
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perform ng addition and subtraction of the TTL val ue.
53. The spanning tree configuration program as set
forth in claimb50, conprisipg;_the transfer function
of determ ning an output destination port in every
said partial network, based on a 5 destination MAC
address of the input frame; the tree manager function
of configuring a spanning tree for every said partia

network, aacerdengohOrdéiEespswdh e ddREMIMARCQl sdBde of a
transferring a frame; and a BPDU identifying function

of pdetteacicoirddng toeeéhel @paandger thudCchbirofooblan

out put destination of an input BPDU frane according

to an i dentiBPRY  trnsilinet gpphrece witee stepfl bgutransmitting
program as set forth in claim53, wherein said BPDU

i d8RC FRCR&VADECRI 6ANEEAPr Bdégnadn (Faphroli sighate)t pfigthe
function of inserting a_.tag or a bit (tags or bits)

f oPPRYBADL $TRE BEPHOFPée ABHager function, and an
identifier deleti function of deleting the tag, or

the bit (t&dR%or %‘g‘@sl%&;%roﬁ FeREiNYi AY SBFRipPed POrt.
manager function. 10 -125 55. The spanning tree
configuration programas set forth in any one of

c! 88 49 tAGGh i3 +ERRPLHA] g 08! Pnni
function o . reaﬁ] g a ta%#éng?ﬁg%g eFﬁ%ﬁPﬁﬁ?Sg Pgnnlng'on
oubauh HEgsi f@iﬁpﬁ%p@r%pmniﬁg NGrddCor éj%"éﬁgwék Ybf¥éeting
address as a key, based on an input port an
a plurality of nodes, comprising the following functions of:
configuring a partial network which connects two
different networks by, at least, four nodes accommodating
no terminal; and
configuring and managing a spanning tree for every

other network adjacent to the self-partial network,

according to a spanning tree protocol.

49. The spanning tree cOnfiguration program as set forth
in claim 48, comprising:

a transfer function of determining an output
destination port in every said partial network, based on a
destination MAC address of an input frame; and

a tree manager function of configuring a spanning
tree for every said partial network, according to the spanning

‘tree pfotocol and transferring a frame.

- 50. ' The spanning tree configuration program as set forth
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“program as se

a source MAC address of the received frame. 56. The
spanni ng tree configuration programas set forth in

cl ai m 55, wherein said tabl eijganpri ses a destination

MAC address field which describes the 5 destination

MAC address, and an output port field which describes

an output destination port corresponding to the
destination MAC address. 10 57. The spanning tree

cothi gllwami 48, perogpatsaagset forth in claimb58,

conprising: the transfer function of determ ning an

out put deatfurattiom pdr conneetiny said italeenmanegkr function
based on an identification tag of an input frame; the
nuPfi prasgingethanangeninantreenodftie n$eLfrpagtial network
spannlng tree for every partial network, according t

t hen %Fﬁ@nﬁiﬁ% fp+rkﬁfdc,cm thyoughry vigsHelrpest £ Puttlng

t frame; and a nction of connecti
saﬁﬁenﬂF{gP%aE £ bevE ke Se Lo botah Pk toGether.

“transfer function through a virtual port -126 for

putting the output port toward the self-partia

negywor K t agel ?‘f)]@ ?.ﬁlg d0&e %%%rﬂéf&%fa ioh %Pgéfgﬁra%t h%@ forth

I'n_any on

cl g g P95 RNglg clﬁrﬂéégﬂ‘gough claim 57, conprising a

failure detectin unct1on of detecting a failure
the transfer function of determining an output

destination port in every said partial network, based on a
destination MAC address of an input frame; |

an RPR frame transfer function of determining a
destination RPR address, a ring ID, and an output destination
port, based on the destination MAC address of the input frame;

the tree manager function of configuring a spanning
tree for every said partial network, according to the spanning
tree protocol and transferring a frame;

a TTL manager function of performing subtraction of
TTL and discarding the frame by the TTL; and

a function of connecting said tree manager function
of managing the spanning tree of the self-partial network
and said RPR frame transfer function through a virtual port
for putting the output port toward the self-partial network

together.

52. The spanning tree configuration program as set forth

in claim 49, wherein
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5 through transm ssion and recei pt of keep alive

frames. 59. The spanning tree configuration program as

set forth in claimb58, wherepyn. said failure detecting

function conprises a signal separating function of

separating the keep alive franes fromthe other

frame, and a keep alive signal transmtting/receiving

function of transmitting and receiving the keep alive

franes. 60saIHeT§pamahagerrEenctmbhguomprbnesrogran1as

set forth in claim58 or claimb59, conprising a

bl ocki ng f @nEf¥ sthestkegufunggion bftduescp@rdnw thet frame with

of double failure. 5 61. The spanning tree

coﬁFﬁ@E?&FPoﬁop?o'ﬁ'?raﬁiaalél%vetarﬁgﬁ ﬁ-‘TIq goBtaPhleg function of
ri_sin transfer function of determ nin

th
ouP nfo ggﬁiﬁagFBﬁOBO?Pd gubbEpgtiangofarheaf? value.

network, based on an identification tag of the input
frame; -127 10 the nultiphase tree manager function of

nottork. | nine AN O LE Sorl b dor BrogPa S gt foren
evgﬁyclgfﬁtsblC@&h?fléfg?.of the input frane; and a
tag operating function inserting and deleting an

identificagh®netadsfd?. Fublte: SRANVYE NGeddSRining an output
configuration programas set forth in any one of
cl desm bfat bonughreliai @vely waddebArtial network, based on a
destination MAC address of the input frame;
the tree manager function of configuring a spanning
tree for every said partial network, according to the spanning
tree protocol and transferring a frame; and
a BPDU identifying function of determining a tree

manager function of an output destination of an input BPDU

frame according to an identifier.

54. The spanning tree configuration program as set forth
in claim 53, wherein

said BPDU identifying function comprises

an identifier inserting function of inserting a tag
or a bit (tags or bits) for idehtifying said tree manager
function, and |

an identifier deleting function of deleting the tag
or the bit (tags or bits) used for identifying said tree

manager function.,
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said nul ti phase tree manager function conprises a tree
controller function of determning a state of 5a port
according to the spanning treg protocol, a BPDU

“transm tting/receiving function of transmtting and

receiving a control signal (control signals) of the
spanni ng tree protocol, and a port bl ocking function
of closing or opening a port. 1063. The network system

ass5set f orthe ighaiinding {bee WY 1 aNid pRBgRamY &k forth
signal (control signals) of said spanning tree

pr dhoanly bneaocBodiasslj agebhrbaghhsd, sebmpnogdenand

connected to both said partial network and said other

adj acent nan\eaidrests dasnmhihgnipnidiel @olofrenéatiy a table for
address of the above node as the destination of the
cofleFermingnal apcontpet desghaktjonfpent doypasnbhagthe

tree protocol. .
destination MAC address as a key, based on an input port and

a source MAC address of the received frame.

56. The spanning t:ee configuration program as set forth
in claim 55, wherein

said table comprises

a destination MAC address field which describes the
destination MAC address, and

an output port field which describes an output
destination port corresponding to the destination MAC

address.

57. The spanning tree configuration program as set forth
in claim 58, comprising:

the transfer function of determining an output
destination port in every partial network, based on an
identification tag of an/input frame;

the multiphase tree manager function of configuring
a spanning tree for every partial network, according to the
spanning tree protocol in every identification tag of the
input frame; and

a function of connecting said multiphase tree manager

function and said transfer function through a virtual port
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for putting the output port toward the self-partial network

together.

58. The spanning tree configuration program as set forth
in any one of claim 48 through claim 50 and claim 55 through’
claim 57, comprising

a failure detecting function of detecting a failure

through transmission and receipt of keep alive frames.

59. The spanning tree configuration program as set forth
in claim 58, wherein

said failure detecting function comprises

a signal separating function of separating the keep
alive frames from the other frame, and

a keep alive signal transmitting/receiving function

of transmitting and receiving the keep alive frames.

60. The spanning tree configuration program as set forth
in claim 58 or claim 59, comprising
a blocking function of cutting off the port at a time

0of double failure.

61. The spanning tree configuration program as set forth
in claim 58, comprising:

the transfer function of determining an output
destination port in every said partial network, based on an

- identification tag of the input frame;
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the multiphase tree manager function of configuring
a spanning tree for every said partial network, according
to the spanning tree protocol in every identification tag
of the input frame; and

a tag operating function of inserting and deleting

an identification tag.

62. The spanning tree configuration program as set forth
in any one of claim 59 through claim 61, wherein

said multiphase tree manager function comprises

a tree controller function of determining a state of
a port according to the spanning tree protocol,

a BPDU transmitting/receiving function of
transmitting and receiving a control signal (control
signals) of the spanning tree protocol, and

a port blocking function of closing or opening a port.

63. The network system as set forth in claim 16,

when transmitting a control signal (control signals)
of said spanning tree protocol to a node adjacent to the
self-node and connecﬁed to both said partial network and said
other adjacent network,

transmitting the ccherent MAC address of the above .
node as the destination of the control signal (control

signals) of said spanning tree protocol.




