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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 O THE
I NVENTION 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
met hod, and its program c@FEIRIRFI@ONNecting the
trees without causing a |oop of path, in dividing a
spanning tree into domains. Description of the Rel ated

Ar i.therto. this kind of spanning tree is used to
prm&!ﬁ{ gﬂ% ISP ING, TREE G QN METHOD AND

as ' p does not_exist logically even

5 RO PrOGRRED AT SrASS Thep i edRaT EON Nop
network. As the conventional technique about the

spanning. tree, 20 there exist the follow ng

exanpl es. For ex Re t al nts
(article 1) issue y é6 : tg%gggﬁgﬁEEE
St gadald 2hED1LERE i o9t d 802. 1D), 1998", when a | oop

(ring) exists in a network, in order to prevent from

data | oopsThe peakent ﬂﬁﬁéﬁéiéﬁ'ké@a%ésatépﬁngbaﬂnﬁHSetree
is defined (hereinafter, referred to as the article

1) sybhemhi ehdmeohe dodihiei coldr Dy t&fDrdpinihe dide’d sy@%em, a
the Bridge Protocol Data Unit (BPDU) is exchanged
befR@BAlng- tree configuration 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.

Astheconventionaltechniqueaboutthespanningtree,
there exist the following examples.

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

as the Bridge Protocol Data Unit (BPDU) is exchanged between
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nodes, and one portion of the physical |oop network is

di sabl ed, hence to formthe | ogical tree topol ogy.

Further, in the standard doe@aents (article 2) issued

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

5 802.1W, 2001", a control nethod called a high-speed

spanning tree is defined (hereinafter, referred to as

the article 2), in which the tree configuration in

théloééﬁveﬁlnﬁoﬁ’éle peskarguef thes physigad dpopynetwork is
ﬁb@% exchange net hod of the _contro

| n £ &H&ef &Pt herm 2hgeilogi cadt Fresn tepodegy -

an acc failure

pr vt {1, LByahodf SEcths e o ﬁﬁ@ﬂcumt%ggépp.lﬁ 2yissued
" : [l].ﬁgl z[g‘.tz."% Oftl%ll%(d:t ggnl,,&%EE Ig{i/ge Q%W éIFEEI_ std

RNt cat i on "Engi neer s, Soci ety

t 08627197&t : C@'osglc&{tﬁfﬁéﬂﬁéd%fﬂ gﬂ(_ﬁ g&ﬁ;%spannlng

(d obal 'Et her or Future nera
degebbbes frBidpdnateihareks, fté‘ﬂaff@d Edasnehe @ ®le 2),

"with an identification tag indicating the destination

| nfi anfiidiDBheatkd Bﬁnfibﬁrbﬁiahtﬁﬂth@tdbrhf&ﬁﬂ&t&[.ﬂebchnlque
franme and with a forwarding table configured by using

t h#¢ ispapeedgd upcley 28pahednedt he excitanigenhsished wEythe control
(hereinafter, referred to as the article 3). One

exanfpematiohe apdriirther ees detolirgpatt ¢an thee set promptly
articles 1 to 3 is showm in Fig. 29. The created
spﬁhnﬁngOCFﬁeeengeuﬁﬁu@afealbyevhbyheaeylpuﬁéy|ﬁeﬁtgng the
In this 25 conventional spanning tree configured
fo?eBOHEtRBFk one spanning tree is configured on the
whol e network whil e the node 11 to,the nog fz , ]
exchange t eeBﬁQ?BI t3rledsas 3T Ipshibrkg P LGPt RoRics,

eafo8£H§£lon 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 aemethod 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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The above conventional technique, however, has the
follow ng problens. At first, in any convention
technique, it takes a long B-tine to configure the
spanning tree. In the technique of the article 1,
al though the spanning tree is configured by
exchangi ng the control frane called BPDU frame, when
performng a state transition, each node confirnms
arﬂP@épr@%téOﬁéwWBPDUeﬁP&mQ@ﬁﬂﬁ-therefore, 10 perforns
sition by using,a tjinmer. According as th

a state tr e
number of ?HS AL TP VR L LRAMORA I WS e has the

i NGr [ es a longer tine to configure the
spgﬁgﬁﬁgin régggiﬁgsnunber of the BPDU franes

exchanged Reteyset oaflhoySoR0de: | 0F LEE3E3 ALCO! 011k Long

an increase in the nu

bekofigl B8 tnfsiBEEUOLke ERenGlioLe crognliguration of
the spanning tree takes the londger tinme according to

an increaseni théheeShAtqE bRethet ¥PEke1dhe, t 8ERRLAYR the
of the article 2 is identical to the 20 conventiona

by exchange of the control frame called BPDU frane,
andalied BRRY dramenpewtienuperiierstiayea tatartss tiramsityion, each
exchange of a confirmation frane called Proposal and
Aghedaeaenfimnerafvivalcoffpar sdwwBPRUt iramet pode therefore,
the technique of the 25 article 2 can shorten the .
coPBF§0FAE| dskath transiktkomby mFing @etipgr. According as
conplicate the shage of. the topol ogy and therefore,

i t "PAKBUTPRE PhntRe RPHBSt 5OCBRT PEEPEIPABEEPaARI Agnetwork

-4- accor n i ncrease in the .nunber _of

rEpaaeeds e Lkt ArifabEt FRoS 5 FOMRIALTE 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 technigque 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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In the technique of the article 3, -since the spanning
tree configured by using the nethod of the article 2
is created 5 in a nultiphasi4e way, configuration of
the spanning tree takes the longer tine for the sane
reason as the article 2. At second, in any
conventional technique, there is such a problemthat
at occurrence of a failure, it affects a large area

10 3T HRE oo Al SRS SaSEhdiny b eonumberaoff ¢he podes to be

th ng _t he conflguratlon of the spanning
tr%g% °§8tF %Fg FuP? ports on the whol e

k h
has to be FBoR rethay g’ueagf B8 80AT B el 66 cpanning
of ¢t @l derdd b 'hs%xg%rthg n?éﬁ'?oc?fnf%g%-ggcig% is created

conflguratlon of t ning tree own

f aiinlg AulenghakitRtay wﬁfkghéalt@sﬁldfytﬁé ‘yﬂ)%‘%ﬁ’ungt PBee takes
configuration is gradha |y Changed, and then t

spahei 0gngkieeing Foe wWhel anet WelalsonS ake ¢ 'a&*tﬁ.%i-e 2.
Therefore, even in a place distant froma failure, at

last it isAhesessady iRCany cimmeitioned wadhnique, there is
tenporarily. In the conventional technique of the

ar sachea3prebhhenm thae aspordugrenes oo ifguledeyy it affects
usin& the nmethod of the article 2 is created in a

muft -PRESi 8XRAy, there is such a problemthat at
occurrence_of a failure, it affects a |large 25 area,

omnng to tHe EQﬁmFQQ¥ERﬁ9%8@¥rﬁﬁ%ﬂﬂ#%ﬂ%e ﬁh?tﬁ¥¥101e 1, in

ﬁée nentl conven% onal technique 1 to
co

Sn(f?%% € SPH égﬁﬁﬁleﬁﬂe"%dﬁ? ﬁpgtnqr@g tree
A oS, U FHEL RS o
tr@?oéé&”ﬁﬁﬁegﬂen @héoggﬁggﬁﬁg tEEe'ﬁag'EE'BglgeEgnflgured.

configure t spanni ng
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 technigue 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




10

1%

20

25

to provide. a
| OfTIRTAHOR ROHRE ©3 cpaRRee

in every network. 5 A first object of the invention is

to provide a spanning tree system a spanning tree

configuration node, a spamdrng tree configuration

nmet hod, and a spanning tree configuration program

capabl e of shorting the configuration tinme of the

spanning tree. 10 A second object of the invention is
spanni ng tree system a spanning tree

%g%@%mr@mﬂwk can be

nd, a spanni.ng tree configuration program )
Erolbiedr HE IR 8 ninvent | the Sodtnty Hg o drep being

. Oacwobegﬁs&gf, o:?tzesi. lcﬂrf%icg(_}sl Slé%ggggéuggaé%%r%ﬂné tree

first “aspe 2 SFivent] on P

sistaaiPmSaidiRY a transfer path according to a
spanni ng tree on a network connecting a plurality of

nodes, 2G Wil loB i 4 eLRO! 1RGLHLIES 3ECLOMITViE a
by a partial network consisting of at [east Todr
mmmﬁ&ay%@pat%%ﬁihg 8Pde! BBnBYEBration node,
bel onging to said partial network configures ang '
RRUSEgEs) Iangs paree rgprifiapufHE ieNenythoe@heanaehWepnning tree
adj acent to the self-partial network, 25 according to
gonfdamnad ioreprpograscobpahiet bErslmanenig ahd benfiquration
i nvention provides a node formng a spanning tree on

F1ife 8 theosmannimy £ypewal ity of nodes, conpri sing

the follow ng steps of configuring a partial network

whi ch cofin8Lend\ebigicti aferfthecinteneity, iattdeprpyide a
four node% accommodating no term nal; and configuring
SRAMERSY TGS SISLF N § (SR RG txge rgoRf henrabieor Rode,

dj nt. to,the self-.partial network
g E%%gnlng tree confﬂ%uration method, and a spanning tree

configuration Program capable of }estricting the failure

affecting area at occurrence of a failure.

SUMMARY OF .THE INVENTION

A first aspect of the invention provides 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.

Anothexr aspect of the invention provides a node

forming a spanning tree on a network connecting a plurality
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according to a spanning tree protocol .Another aspect

of the invention provides a spanning tree

configuration nethod of configuring a spanning tree

on a network connecting a plurality of nodes,

conprising 10 the follow ng steps of configuring a

partial network which connects two different networks
f our . nodes accqnmodatin no termnal;

b | .
_a‘%fd a%%?ﬁggi‘tf?‘ﬁ@réﬁanﬂaﬁgsi hQ L s RTiISTEPS & for

th t k_ad] t th | f- tial
networ k, St SedEhe ' PEFE apontHg Tl wbiproraERects two
Rt *t ects b
T Dby PRt Prr 4R, AP3P in PRy ohofisen Adgpawodat ing

Ry dign gn SPANDLA gc&ﬁagg QPiﬂign ghﬁoﬁlgpggﬁgx%‘c;%b 1Y ahning tree

plurality of nodes, rrsrng the

; ! _com . .
FHICEORG SEhed ne@RbrRUsd ﬁ‘Qcénﬂg&L '}l/:ﬂ aﬁ%‘%{r’@?%ﬁ Ir?metwork .

connects two different network

Redes: dEGRP NEH datd finn g t €F8kNBkotaediconfi guring and
managi ng a spanning tree for every other network

adj acent - #gothersakpepar bifakheetiwgelit i oaC gRLAHRG S @ a
spanning tree protocol. 25 Other objects, features and
drpaniiagetret ednf pyesenionimtdndd of vbhfifeedng £lspanning
fromthe detail ed description given herebelow -7-
BREEFOIDESTREFPE RN @M aGEL DRANDAGB aliigy Of rodedy colkprising
dhagran1shqmﬁng a network configuration, according to
thei' £ ffPoP% he 5 invention; Fig. 2 is a

bl ock di ag;_%m shqwi ng the structure of a node 11,
accor di n§ORG 1ONE NG & BT herrtdrk Hehigheponpacts two

different networks by, at least, four nodes accommodating
no terminal; and configuring and inanaging a spanning tree
for every other network é.dj'acent to the self-partial network,
according to a spanning tree protocol.

Another aspect of the invention provides 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 configuring and managing a spanning tree
for every other network adjacent to the self-partial network,
according to a _“spanning tree protocol.

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

given herebelow.
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Fig. 3 shows the structural exanple of a table 103,
according to the first enbodi nent of the invention; 10
Fig. 4 is a block diagram shkhowi ng the structure of a

- tree manager 104, according to the first enbodi ment of

the invention; Fig. 5 shows the structural exanple of
a table 107, according to the first enbodi nent of the
invention; 15 Fig. 6 is a block diagram show ng the
structure of a tree manager 108, according to the
first enbodi ment of the invention; F|g 7 is a block
di agr am showi ng e DESGRIPILOR 2 DRAWINGSect or

- 109, accorg g &o t he gBPS enﬁodlnﬁnt_ 20 of the

i nventi on; gifs? kdéﬁgﬁﬁﬁhﬁgﬁﬁwnﬁbaaﬁetwork
ex@tgﬁﬁig%???l%é‘rfi BERERngt SBne vt ROkt oty the

blgﬁbeﬂh?ghan1ShOMAng an exanple of the 25 spanning
tree configlration at a single failure, according to

the first pagodhneats o ddie dinv gefH.rﬁcHho I% t%% % Rcture of

bl ock di agram showi ng the configuration
neawivde a0y Sa@sd gy Eb%@tlﬂsft%iﬁﬁéhﬁﬁéﬂ@b'f%e :anentz.on-
exanpl e, according to the first enbodi ment of th

I nvention; FEgg.3 howes ahel sekudicagtaneshapl 800t baﬁtable 103,
conflguratlon of a network and spanning tree of a

f i fe@obgdéngt tontbralfiprst ebbedimeditngft @hehdnfehttion;
enbodi nent of the invention; Fig. 12 is a bl ock

di agr am sHBWI ngd the & tlestkudd agfran [shondaey tReobtrheture of
fifth operation exanple, according to the first
er@&ﬁﬁéﬁ'{an@fgqrhéoﬁnmﬁ:@gﬁpng 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;

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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Fig. 13 is a block diagram show ng the structure of.
10 the node 11, according to a second enbodi nent of
the invention; Fig. 14 is a8l ock di agram show ng the
structure of a failure detector 109A, according to
t he second enbodi nent of the invention; 15 Fig. 15 is
a bl ock di agram showi ng an exanple of the spanning
tree configuration at double failure, according to
t h@Ls8 AU BBENERRNRENG Herdenoém ifonrthi gpetstisn @xample,
bl ock diagram show ng an exanpl e of the network and
§°b5%ﬁ

s p&iTiong St sRbaddaand of (thea imentiag
i 2t am ShBA8ngtT e 81T 1Rh i asf am, Shgiféng e configuration
o 4Tkl dhd CbpBntHBCFEEE e et LPED QuRAEF Aeyigkampe,
e
of 21T RS2 OPR Lkt Eh80ri SAGEH eh szporuce o

di ageanodd Q¥ B BRSHTEFLIS Upaaiadion 8k IT,
108R, according to the third enbodi%eﬁ%ﬁggf %%ggfégﬁg to the
i nfénstoembbdEmngnt26fi she hhoektdoagr am show ng an

exanpl e of the network and spanning tree

confi gur atFby, ktder di byjotk diafoamtshenhogitmnistdfucture of
the invention; Fig. 22 is a block diagram show ng the
sttt ppdeoll, aapeesding &ocer deagntoemhedfimenthof the

enbodi nent of the
invention;

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 a block diagram showing an example of the
spanning tree configuration at double failure, 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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10 invention; Fig. 23 is a block diagram show ng the
structure of a BPDU identifying unit 100, according

to the fourth enbodi nent of-%he invention; Fig. 24 is

a bl ock di agram showi ng an exanple of the 15 network

and spanning tree configuration, according to a fifth

enbodi nrent of the invention; Fig. 25 is a bl ock

di agram showi ng the structure of a node 11G

ac Rye&E 498 fifth enmbodi ment of the invention;

20 Fig. 26_shows the structural exanple of a table

103G, acc§F8i°¥1\%° ¢ Bnleleek (i agHARIFREWL NEf aneher structure

[ bon:Fig. 27 i bl ock di howi th
B R A AT et -
enQ&d%ggnﬁng%ngg%n;lnventlon; 25 Fig. 28 shows the

structural "exanpl'é’of a table 203, according to the

()L emboh o o WGy VSR tin Fufbu 2% 15 BB080K o che

di agram show ' ng an exanple _
CORbitgUERt hAA, sPERANHNE AR Eﬁgfﬁ VSR n?%&?qfding to a

techni que of the invention; . I's a Iagram

sh@oupghasmbsdimeatobst kte ABLWRRK ononfi gurati on and
the spanning tree configuration 5 of a network 1,

accor di ng Fogt He2 fiisr s besbRdd DR anf shéWind RMRNdtGicture of
Fig. 31 is a block diagram show ng an exanpl e of the
nefwoPie cbhf i gocardingand the fpamthngmbbdément of the
configuration of a network 2, according to the first
enbBUERERPRHf the 10 invention;

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
networkandspanningtreeconfiguration,accordingfx)afifth
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 embddiment.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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Fig. 32 is-a bl ock diagram show ng an exanpl e of the
network configuration and the spanning tree

configuration of a network 3o-according to the first

enbodi nent of the invention; 15 Fig. 33 is a view

i ndi cating the configuration exanple of the Ethernet

frame with an expansion tag, according to the

invention; Fig. 34 is a view showi ng an exanpl e of

t hrS@@Wé{IWoft@e F@nﬁegmmwndabyoagphgcam e aforiventional
|nven Qn 20 F 35 is a view.showi ng an exanple in

t hé&SE t%qﬁ?Q@kpwmove t hree networks by

appllcatlo 5 g&n i nyention, shown in Fig. 34 Flg
36 is a vi Ishdthi 7 & E’éof’lka%a‘%ilﬁeﬁhfé&ld?ﬁ)laél examgle of the

hlsaa%@g,gvh%cg SRR o L h%gbﬂjﬁe”t i e Ol Guration

| ngent .d%%%%% "eebd il 6 e Aisetyabod iient of the

EVMBERENENGnThe preferred enbodi ment of the present

invention W ll be discussed herelnafter i n detai
with referenge 3 i al BEoakCPIRH W ry}oqfﬁgg Ay 18%f the
foll ow ng description, numerous” speci et al ar e

sehetworh canﬁidatathﬁrQhﬂtheasbBﬁhQﬂ%htree conflguratlon
under st andi ng of the present invention. It will be

obefoasnehworkel, tocbhdiagskiol ked ifnrkhe edbodii®intd RE the
present invention may be practiced w thout these
spé@V@PElQU:detalls In other instance, well-known
structures are not shown in detail in order to
unnecessar§i9psthidé aHeleekskimgramebowing an example of the

network conflguration 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 é 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.




10

Io

20

25

"nodes 21,

Herei nafter, preferred enbodi nents of the invention
will be described in detail with reference to the
drawings. 15 In the foll owi4ig-~descri ption, spanning
tree protocol (I1EEE802.1D) and hi gh-speed spanning
tree protocol (IEEE802. 1W are collectively referred
to as a spanning tree. Fig. 1 is a block diagram
showi ng an exanple of the network configuration to
whi ch the invention is adopted. The 20 network shown
in the drawi_ng consists of three partia net wor ks 1,
2, and 3. DESCRIPTION OF THE DREFFRREDR GMBODIMEN
Fig. 1is &gg nod%s according .to the invention, and
5, PEgrezrgdzsmbodiments oy die pgsent invention

sp hng tree- i bl e _nqdes. .Fi 1 physically
chiaatode BRI T ke g st itha i) mResgnoe to
t WRHheages: ' s the  .situyation .of o
conPEaaeR sy InY, S ngt i e PR esqription,
ONguRREBUsABpEXE BT ENGe PEL YOI & & YUNEE P g i

: g : e e A‘r& ) %‘b&:@?n %Ielté\%(rﬁ% t% yrov:.de

of nodes is divided Into several artial n

dogathoradght #RAEPEEENREHENSE Nthd Gtd e Parid A n&IOr will
1 are replaced with the nodes according to the

i nbencbuhpush hbeeeby,cedf thbsengkling @i WO kheOfarEl $hat the
1. In the other case, it is shown in the situation of
cobriegenhgintientiont nay bet ppaksivetihwiabbus! keseTBpecific
situation is described by using Fig. 1. Wen the

neffbrkle. Indothernénabakce, awellhknewnssitmgctures are not
networks, in order to 10 connect the both, the nodes
11589WR Ay detdddl ynppsdrdetio unreedss sk obsaudetng beesent
network 1 additionally, as shown in Fig. 1. The

i MRARERHHORan be adopted to both the situation

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.ll 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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of dividing the above existing network and repl aci ng
the nodes 15 of one partial network with the nodes
according to the invention add-the situation of
connecting the separately existing networks with each
ot her by using the nodes according to the invention.

Al t hough the description will be nade based on the 20
latter situation in the below, since the physica
structure 1Bf °PReCAEEwWORR SHAWEing medwork sonpectamg a

as_iLn %gg forger situation, the |ike operation can be
pePLEFRedtal 86 Bodends ddvidedsiptiar sevierahdatdtiadr Retworks

518, PERHS Lf 205 Al bASeBLer S B BEBER moswor
h ' ferced ti. I, .
(N1 BBkl SEEE7R. 85,80 UIBE, BLDFEkbven son,
 The:- 13 four.nodes: nodes 11
retrareyd, cBiesoiinyBolg hel o, bevp e nodes

with the network 1 through the'ﬁ% ék%?igﬁQQ?ﬁgghgggtlon of

12coiihecbehygotkeSeRibasnthackdekdlwvakth LR@HNe¥8e22: This
The nodes 21 and 22 don't have to be the nodes

acgbtdahjonrois hdesowtintd sy nesiass Fidy.1. Wiemeheonkt@ork 2
is the existing network for the operation of the

spaR®Ri hget retworkd3i aresthenesisedny hetibekspetinovkdér to
t hrough the node 13 and the node 14. The network 10 3
haSoRBechotiRe hothd the nodes32l theldodse Bewiydp8evided
dq@%t %gve to be the nodes accordinaﬂto the invention
netRREEPFFYeen THEC HeRfan thespedmark Wi eklidd tiwaaddvworg shown
1.i§ ﬁ.nodg including no termnal, and it conprises a

tree nﬁ%ag I (corresponding to a tree manager 104 of

Fig. 2) fcwhéﬁﬁﬁﬁgﬁgﬁon can be adopted to both the situation
ofdividingtheaboveexistingnetworkandréplacingthenodes
of one partial network with the nodes according to the
.invention and the situation of connecting the separately
existingnetworkswitheachotherbyusingthenodesaccording
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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15 the spanning tree on the side of the existing
network 2 and a manager (corresponding to a tree
manager 108 of Fig. 2) for €@strolling the connection
protocol of the spanning tree or the |like of the
network 1. The node 11 of the invention has the
separate tree managers for controlling these two 20
serles of spanning trees respectively. The node 11 is
phy Sk, liffediar medars mette2111 the hbde 22, the
node 12, d t he Qﬁﬁf 13.. The node 12 of the

i nvent i on estnleﬁ@’ Ri Ast fdie Rtisdring nefwerkofor the

SRRl PECHE A hftge‘éﬁe”gﬁh%‘iég@?%bggs%feﬁfwh the
2 th de of t
e)x.“%?ﬁ’ﬁﬁé?&%%ﬁ‘*?ﬁ HHRCRRS hcepd e s %ﬁoﬁ"ng% network

the hagetnd tiodBRA0GHAL MR ﬂ?gé%;zZ)TfOV of2Y 59 118%2 don't

t he connection protoco € Spanni n

I kaveftd e rakbVREHed - acU@rcﬂ)r?t% tglgaés rpﬂé/ﬂ k) dln%ffssarlly.

connected to the node 21

and the nottheldethorRe3nedethd @kikh8nigMWeRlo2R for the
existing within the network 1 is a node including no

t eppepakioandf ithe epphndey tiBe,t48@ iMAd08hnnected with the

(corresponding to the tree nmanager 104 of Fig. 2) for
maRagvagkt hethpemgh nghe reeden! 3 hendittee afodend 4. The network
eX|st|ng:netmork 3 and the manager (corresponding to

t hé B3®&-h nesieaddr andsthes mide 32). fitke vodesolliam t3kedon' ¢
nection protocol of the spanning tree or the |ike

of the %&%erlno defe ag6@adiny te phesinvanbiconaeesedrily.

to the no 11 node 14, the _node 31, and the

node 32. 41 ERisha o vaikhionthei Betwerki t Hish a node

thfn%%g?PSQMRBKtérhfnglnoggdl9%'ggﬁgglggstgrgkgglma%g%er

(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 separate tree managers for controlling thése two
series of spanning trees respectively. The node 11 is
physicallf connected 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
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the tree manager (corresponding to the tree manager

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

side of the existing network43 and the manager ‘
(corresponding to the tree nmanager 108 of Fig. 2) for
Control ling the connection protocol 20 of the spanning

tree or the like of the network 1. The node 14 is

physi cal |y connected to the node 12, the node 13, the
nodeiRFe 18 OfF k9 e @ )30or pantredd ingyshe eaoheotibherotocol
nod 2 to 14 has the separate tree managers for

coﬁﬁf& Fi ig2PRENBwbTe.r PEStRR Like ©fakhengetvesk, 1. The node

si@zlgrl to.the.node 11. Tge node 21 existing wthin
t he ne?m%pxéﬁcﬁgﬁyoﬁ??ne?Be onprite AAHE eleethfinBgde 22, the
(CQﬁkE§HQHd%%%h%%é'K%&éfi -15- manager 104 of Fig. 2)

for managi'ng e spanning tree. The node 21 is

physica"yTﬁengsa%ﬁgsﬁ%%2t§%ei%%%ﬁt%%n %?ﬁf%%%%éw%%hin the

and the node 1 exi sting w

neheeidork l3i§h£rﬁﬁﬁ?in@1%%15@6nBOggﬁé}E?;pﬁwQQQﬁ:?%mprises

is physically connected with the nod

11thendrebemandged?( cdhee8p88dBAgOKS SthO G Mid MAhdE 104 of
network 3 has only to conprise ?he tree manager

(cBigesponfbngmbnaghiedt the spanaday i9éecObnFithe &)Y deOlf the
managi ng the spanning tree. The 10 node 31 is

phgBiLesihg nervesck Sdamd tihet henagee Rraduporadteng £3, the tree
and the node 14. The node 32 existing within the

neP@Bages 103 A& ishn) fo7 cortrolibing theéheompeet B@n pxotocol
phégicall conpected with the node 31, the node 13,

AnOE FRS (RRAANING o7 q%y(azs ther 1ikeof 1bhe nefwad 1. The node

2Sltlggﬁt;§}1;st1iecaﬁol.d3fe SE:olnlnec%:nedd %:% t];lgr ngggnle (l:f i'll-jlge tri]oede 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 managexr 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
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Ports 113, 114, 123, 124, 133, 134, 143, and 144

bel ong to the nodes 11 to 14, for connecting the

network 1. Ports 131, 132, -214l, and 142 belong to the

nodes 13 and 14, 20 for connecting the network 3.

[First Enbodinent] Fig. 2 is a block diagram show ng

the details of the structure of the node 11 in Fig.

1, according to a first 25 enbodinment. In Fig. 2, a

comang@eat 164 ofi Five0Q)r fori mesaginyi tige spshnimgitrse. The

as shown_.in the below (1) to (6), as the initial -16-

sef@%g21p}suBhr§igakdybeanaeckedovith e NKKle VEB, arte node

th i ke. Based on the setting result of (1), each of
glﬁoFP t%flﬂﬂ?@lﬂ@'is connected to the tree manager

network or 1oL SRAELRAJH oo WsBAtEArEr 18 the same
[ t 2 . tr, it 10 .

and st SRHE 21 heTheh 42 s pRgkiSR1aTiooBRepRed vith the

Se6H8021 5 WS nlael 3 AU Ghe Hife! fge MENager 104

and the tree nanager are also séet. (1) whet her

h t P 191 1des i
each port DReoAgdet 91 o] HELNG i thOf ogd&eg(ndé%éé}g%\é%?ﬁs only

2, (2) the node ID of a destihation n

notle compnﬂséedhéotb@bhmhh%g&@tW@b%rés%gﬁdﬁ@% RS WHK tree
2) inthe case of transmtting the BPDU franes for

t heaspaeni hgdtofeFigord j giominanradiong e RelaMing trice. The
the network 1, 15 (3) the network to which the node

(rede 133 imiphysiewel bngworndmted twicrik the mddey.32]) the node
(4) _whether the ports on the side of the network 2
art3c@ndi¥hernpde a¢.the double failure,

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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This setting instruction is used for transmtting a

20 root/node signal, for exanple, in the occurrence of

the double failure describedsg¢later. (5) the ports to

whi ch the node set in (2) is connected, and (6) the

cost of the port and Iink and the priority 25 of the

nodes, defined in the | EEE802. 1D or the | EEE802. 1W

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

t hEe$&ARdet P¥ctigingas keybnsdd, 14 whuFe g. TRLNED, tWEE and the

casg, -17- in the description of the above node 11,

t hdij56rt Baged B the settinharsadt oft K3 )oweapbros e ports

thg re $g§%iVe nodes, and the network 2 in the above _
&lli’g ion i’ SSBPECEEd ko {hp taegemapagpyt 104 fer managing

ch e .he networ in the nodes 5 13 and 14. |,

ThaBEr Srefonug, TR0 RE, Enel S i’ Pk e a daidire

ou t SCHL. [ e table 103, wi.th reference
bRYECcRBYE 169, aggg o t1: &R tﬁpgné'eishl&&s P&Lrﬁzsh%o (5),

to the header “i"'nformation

B L e e A L

output port 10 in t

Cophegha sk angf t h

i nput port. Aﬁﬁi@%ﬁ tggrg?’ﬁgaﬁﬁi [nggﬁlﬁ P?'Iebsé tq%élager 104
padhd théotpaéi manabetrheoguiput apabt se@rresponding to

the destination address into the table 103, based on

t he sour ce( 1p widdihesseatht iiert balenysPpbi e hetiidek 1 or the
transfer unit 101. The table 103 is a table in which

- eaR@teexpu?, port corresponding to each destination

MAC address is described. Witing into the table 103
i s perforned) BRetededd o4 deshinahionmiadel 2 neighbor node

t he gath i nformati on described in the
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 é
root/node signal, for example, in the occurrence of the double
failure described later.

(5)theportstowmichthenodesethx(2)isconnected,
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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20 table 103 is read out by the transfer unit 101. The

tree manager 104 has the following three functions

of: (1) transferring a frame-17e the transfer unit 101

or discarding it, in order to transfer the frame

input fromthe 25 ports 111 and 112 and a virtua

port 116 along the path on the spanning tree, (2)
trgnsferring a frame to the ports 111 and 112 and - 18-

t he Ty ithey sessariptinm oif dibe altivey nade il ortder gorts 111 to
trgnsfer the frane input fromthe transfer unit 101

al B8 SAARISsh Yh &N A mpRteef die (Pspective nodes,

t|n and recei vi the BPDU frame to and 5 &
fr 3T e 6‘% TOFE1 Zartd the APinlaaqriphiqrods e it is in
fo h p g tihee co figuratio and th
co% %bﬁrgégf? &hﬁ?nﬁH?ngdf ?1ﬂkﬁ $k321n the nodes

whqbeaggnq@olllng port blocking units (1045 to 1047
in Fig. 4) within the tree manager 104, by use of the

spanni ng tgg r
descri bed |n§tﬁgggggfkf€§%g Fqggt%ranﬁ$ Qikﬁéﬁﬂgﬁﬁ% frame to

t r ansbatpua ﬁb&ﬁedbﬁckﬁﬁeauﬁﬁukhepQ%Bl@ﬁi@%‘b%@thnr@ference
table 107, with reference to the header nfornati o

of tohthérbeadenpinférmaite &f cehdBnages ﬁ&ﬁm f%%ﬂthe tree

there is no description of the output port in the

t aBfpRager 1004 . When kpetef iamo ideseariped o3ndf the output port
transferred to the port other than the input port.

Theh el dstble 403, n§heninpuo6t naie eks tdupipat land transferred
i nformati on about each output port corresponding to

eath tﬁ%s??ﬁ%t?%heﬁdﬁhé§stﬁﬁténphé pabte 107, based on

t he source, 20 ress of the frame sug plied to the :
transfer uMtt® €' learning unit 102 writes the path

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 frame input from the
pbrts 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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The table 107 is a table in which each output port
correspondi ng to each destination MAC address is

described. Witing into the-1smble is perforned by the
address learning wunit 106, and the path information
described in the table 25 107 is read out by the

transfer unit 105. The tree manager 108 has the
foIIOMAn%_four functions of: -19- (1) transferring a

f r dE VaTW@l PRESf 46 upr td 1Tanding sidar dinngrder ta transfer

SSTEEP transfer the frame input fromthe orts 113
g1 FHAR dre Heraipefer igpit el gI9ng the path
ﬁazifra to the ports 113 and 114 or 5
dlscar |ng

§& 39 ransfer the frane |nput
f th 105 t.h t
spanni ng tre§n§£§‘§?ﬂ¥#éﬁ2ﬁq 399 A osiy 5 9?%% frame to and
BPRYChI 8AB H6ra8d% {1 a4 ?‘ingfl& Oxil 14 ftﬁéh for the

spanning tree configuration

thep&ﬁmﬂ.ﬁlgn&r‘éree%ofn@lgujr%ttl% ne&ﬁQprt{hl 4%%_%@1% the

controlling the port Bl ocking ‘units

Fi gpadhinigt kiceet fort tee MRAMES K 108w ¢SO ltlrﬁlg port
spanni ng tree protocol according t'o t he conmman 8

debdockédy umit¢1B2BEdS 1one, impdg(4) 5) "RERIh MhePréBanager
failure detection in the spanning tree, upon
reéBftptbpfusefof | the spayneing rored hardtidoll @cciRidEPrro the
109. The failure detector 109 periodically transmts
keSpumand, degegibedt 4nt khepBPPULETamed t he port 114 at

predetermnlil time intervals. Further, it receives
the keep af %é"‘f"’\“&ﬁ?@é: vpit Y trensdersia Frame thethe output
interval of the keep

h |
b bbs? (defei b anobie T2aeviein segrence to the header

information of 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 1Q6, 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 functions

of:
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time interval, it issues a failure signal to the tree
manager 108. The virtual port 116 is an internal port

of the node 25 11 and rel aysot-he transm ssion 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 -20- node having the tree

manager for the spanning tree of the existing network

2 has the dadnetranBéervinghe firianeuab foe ttramsfdihenit 105 or
nunper of_ the other nei ghbor nodes and "the nodes
be%ﬁ(ﬁww ihe hetodsier toghtahafengthendamee input from the

managers .f.ar 5 the spanning tree of the network 2". As
{oPERS fdde apd i Hapg %h,e BREhayHds spaming tree,
sati sfying %hié condition is onl t he node 12, and
therefore, (FRe-TAPT 3Frb69tai§¥§ﬁ% ¥oohke E9nky dd3yand 114 or

. [ 1 gnd _ havir h
T EaoRangilE PEY' IR i RenrePREet I grapes Lyt om the

(beank o RN 058 oMY RBe Hath S e Un iR Tee,

t he number of the other I ho

bel ongi ng (89 friendiel MO kKg %n@‘geggiyﬂggtw{e\?ﬁ@%sﬁrame to and

managers for the spanning” tree o n _
$rel
g. 3

Acfoodi heypoeash108 tha nads kbrardet benode
15 Fig. 1 has the only one virtual port 116. Fi IS

a ¢bafiigndataonpgahdetiden aidon®f gititng HHd@pimh oy ke for
table 103 of. Fig. 2. The destination MAC 1031 is a

f i Ehe negwoxk bi mhdlsl cokteyo hhing tthe poat dileckifigudOds (1045
retrieves an output port, where 20 each MAC address

i s2Rdst04hetn Fri@- oht puithpior tthen 32 6es marfagen 110®, by use of
descri bi ng .each output port ID corresponding to each

deﬁlil? SRS ngpereg 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
li_nterval 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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In this field, one or several port IDs and virtua

port IDs are described. For exanple, when the
destinati on MAC address 25 ofzo-he input frame is "I A
12 26 4F 5G 08", the transfer unit 101 controls so as
to supply this frame to the output port 111. -21-

Fig. 4 is a block diagramshowi ng the details of the
structure of the tree manager 104 of Fig. 2. Atree
coads! Ihavirm ithep epreambprsigeas fdwe tgor tsddrining heree of the
port 112, and the virtual port 116, by using the port

. 5 RISERG asitverkosshas tiva mame) nomder od thefviureal ports

the | Qgi cal network (spanning tree) so as to prevent
fr W Geife "RORST cﬁfk the SYetaaskdibgy tipder and "the nodes

TS P LIS PO S k8 Efers con
SIS EEE oA Aol Fpe sorcrvengs 11 (o
PR 217 S B IS AR o o
Chsrainos ok, e nbnert Uhe SEEA KBTS onny e,

recei ving siheifaely, wbeshidtie MRIGNAEHPRMEeMERSSK 1 and
is the bridge group address (01- 80-C2-00-00-00) that

i shanéngpew diremdnanaget dioBERe @pdhn e ftardd BE HE existing
spanni ng tree configuration processing, in

coBpEvarkod hashtheesameenomberoblfeth&04irt2Ql( Ports as the
regardi ng that there has been the input of the data

f r BHBPER P tdies dhemgetsbboranedes amd 'hche rudeskbejonging
ungt %$45 when_ the destinati on MAC address of the

f r SN BEEVOF KoheReh®6Ea Y Hhe treqaanauens Eogethe sppnning

adgéggsbf 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
i11.
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(3) creating the BPDU.frane and transmtting it to 25
the port 111 when being requested to transmt the BPDU
franme by the tree controller11041, and (4)
transferring the frame input fromthe port -22-

bl ocking unit 1045 to the port 111 as it is w thout
adding any processing. The BPDU transm tter/ receiver
1043 performs the same operations as the

above- ment Féged4 BRDE blaakniidgrdm edeiwierg thelddRailfief the
BPDU transmitter/receiver 1044 perfornms the follow ng
op&FRUFEHESoPE the taer menagerhd Odestfi Fdtd .02 MAC
address of _a frane input fromthe virtual port 116,

recei ving BhEFSe &@@We%oflﬂeom% ial Sbitipche port 111,
(0ThBoBebE083G0- 805 EhE: AETERG BPEti A16adi¥essing: the port
ey apd AT ?Sgﬁp;wh@ o S Lortcn
\}\ﬁfe}%twé‘i?ct ﬁé’ﬁé e‘gﬁﬁgﬁ%ﬁ) 3{618 oﬂie%c%w:?%f#]?ogﬁg%\ﬁ%%&tlon of
framéebde, vaetdahingoth AR hﬁfBQEaEQanBEdQﬁegbgﬁﬁ frames

address, and receiving the frame an erformn

speece hged reg €100 B aidmitRGesddiivd 1042 to the BPDU
cooperation with the tree controller 1041 when it

t herBROL f vambre@0i¢8y Logasferring the frame to the

port blocking unit 1047 when the destination MAC

addr ess ofThe fBRDIE trgusmitioer/tdeeivet ub4potiandBits and
nei ther the bridge group address nor the BPDU frane
adeRe@ves thetBRIE fopmerdp fifedby thespahndngttheeegprotocol .

b“ﬁgglrgbU 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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25 unit 1047 to the virtual port 116 w t hout adding
any processing to the frane, and (5) creating the
BPDU frame, with the MAC addiz@ss of -23- the node
previously set in the initial setting of (2), not the
bri dge group address, as the destination address in
the destination MAC of the BPDU franme to be
transmtted and transmtting it to the virtual port
11blasddams andtt BO4hgtd thenporedlfld adeiviid waltlmard adding
116, when being requested to transfer the BPDU frane
byaPWéHHQQﬁ%%N%}oller 1041. As for the operation of
this (5), %r exanple, the BPDU transmtter /receiver
1044 of t h&PRRRPY trapsriitites /meseivas 1043 ey fokrmshehe same
gﬁ 12tas t he 3§V% Batlon and the BPDU 10
r RSt Terr 82 ALYPGAMER i RBEARRPY X rapsEiitites /mpgeiver
MAGg48ddress of the node 11 as the destination.
According to this, it is possible to configure the
spanni ng t t and_t he nning tree
for the ne?&grEQQUSg§g$§#$?£gr/%eﬁFﬁgPFylﬁaaepgﬁ rms the

tfﬂaimbhiﬁg/6§§§h¥§6n§06é .of the node 15 13 specifies
the MAC address of the node 14 and the BPDU

transmitteytyeerifimi Wh@fdéﬁr{%r}fﬁé%féﬁs ENe £
MAC address of the no 13. This operation iIs of'¥ £rame

peifiputrefirbm theyvitbeaBPPbrtr ansli khekiviAget¥er frame when

connected to the virtual port and the BPDU

t relenilesbinatienvBaCcaddeessdibothkebitsdge geblip28ddress
uses the brid roup address for the destination MAC

The0 boB @~ %?D@&rﬂg 00} t thausispehs apdcibit adtthespofbr BEDU,
upon recelgt of the instruction fromthe tree

cofRd RRFOTBIAY the spemn isig diesy conifigudas ipnapsbeessing,
the frame input fromthe BPDU transmtter/ receiver

10742 TPRREAH ARsTLER e treeigentipdheredBiding t he

instruction,t{o n t.he rt from
(b) ﬂ%ﬁrmlnglﬁﬂe 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 configuration
processing,incooberathmmwiththetreecontroller1041when
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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the tree controller 1041, and it transfers the frane

input fromthe transfer unit 101 to the BPDU

transm tter/receiver -24- 104%- \Wien receiving the
instruction to shut the port in order to cut off the
network logically, fromthe tree controller 1041,.

the port bl ocking unit 1045 discards all 5 the franes

input fromthe BPDU transmtter/receiver 1042 and the

f r &MEs NogeuPTEVaRUSAY sesndhethaninidDdl Jéetpogtof (2), not
blg$gln%_units 1046 and 1047 performthe sane

op poidge greupRdIERITkKiaR) the dest4Bathpy. addiesa in the

view showing the details of the structural 10 exanple
of SEREIPED

m #RG eirithe BPOH, & g itathetnansmigzied and

04T PBERiE 8, TP OFE CURTe RO o VA GaRARRS Gk being

' t.1 i field f _
LESRREELACEo THE OLERUL) PROLE 1PIE (indh Rt g acpested to
i i C . t hi.s field,
SaeRafszbr Rhio0BeMIC R byl Brid kel G B3 1041.
NGJ,h

descri bed. aAFi flor 6ehé GphdtLEKoRi G810
details of the strué%ﬁre of the treesS ager 18§H?$?1e' the

Fi BPDA. t2&ndhet teLLréOOivek| P44 (L AnaPRAgeaTl flFries the
the port 113 and the port 114 by using the port

bl BRI adduess dD4He reode t1r pordhd|dREHiMGHIYE aHeAe BPDY
in order to configure the |I|ogical network (spanning

t reegnspitterdrpreivar 104 ofeties aiodw IR Ispeizifies the MAC
according to the information of the BPDU 25 franes

1 eRe95R8S 1BL the mpiR il aasthie destisediiver. AGdaAdANg to this,

the BPDU transmitter/receiver 1043A and the
i n:f-t,ﬁ%appaﬁlpllgrﬁo configure the spanning tree for the network

2 and the 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 10457 opens and shuts the port,
upon receipt of the instruction fromthe 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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“transfers the frame input fromthe trans

the failure detector 109. -25- The BPDU
transmtter/receiver 1042A transmts and receives the
BPDU frames defined by the spanning tree. Upon

recei pt of the frame fromthe port 113, the BPDU
transmtter/receiver 1042A confirns the destination

MAC 5 address of the input frane, and when the
destination MAC is the bridge group address

(01-08@-.C2- 00-00-00) that is the special address for
the BPDU, it receives the frame and perforns the
spanni ng t Whencoateguiagi thepinsessctgonnto copperitie Port in
with the tree manager 1041A. Wen the destination 10
MACTHREr £9scut PEE ithsutnefiwamk ilogishlillys Hinagelyr dinee
addr ess It assunes that there has been the input of

't hEOBAERL 1 PENd 04dnd theaperdr Hloskingamaitto 1HS phiscards all

blggki unit. 1045A. The BPDU transm tter/receiver
& %%?‘F%# TR e from bhe REDY Feanasitherppegeiver 1042 and

' [ ' 1042A. 15 Th bl Ki '
BB AR SHBbECEcHR B HRaTie oL 0 g v
' f . , L 041A.. Th
73hi 6 BORL e 8, 3906t 8043 45T R sane

th@pEFEE&éﬁaa§nkhé?bé%%cgg$skiag4aﬁiko1bH%.20 transter

unit 105 when receiVing e I1nstruction to open the

port fromgie. & £8 LEDERULR i nkPERE actid féjegﬁfhlﬁie sifggctural

unit

t oexaep BPObF thansabléenbregai veg.1942A. The port

bl ocki ng unit 1045A discards all the frames 25 input
fromt he BRBYdasnisrtiet MAaEraioTdr 180424 edl #d¥e a retrieval
frames input fromthe transfer unit 105, when

r eRY ¥iheg the triepsifercundh 105 satriehes por butpuenstert, where

to cut off the network,
the MAC addresses are described.

The output port 1072 is a field for -describing each
output port ID corresponding to each destinatibn 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 10412 opens and shuts the port
113 and the port 114 by using the port blocking unit 1045
aﬁd 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.



10

15

20

25

-26- logically, fromthe tree controller 1041A. The

port bl ocking unit 1046A perforns the sane operation

as the port blocking unit 104%A. Fig. 7 is a block

di agram showi ng the details of the 5 structure of the

failure detector 109 in Fig. 2. A signal separator

1091 transfers a keep alive signal input fromthe

port 113 to the keep alive signa

transm tt erheeeeDvek r@3thi e ri/raRefitey iR $insmits and

other than the keep alive signal input fromthe port

113ecedvelsethe BPRU fwamgedelithddbgughet Bapningtt®de. Upon

the port 113. Further, it transfers the keep alive

sugﬁ&ﬁlptaﬂiwthﬁedrmm&nﬂm@mIt@eppqﬁﬂ\miaygyhﬁ BPDU

transmtter/receiver 1093 to the port 113 and the

S|§ﬁépsmﬁ6@?rﬂﬁ@ﬁﬁﬂw@rtﬂ@@Z#ana@énrﬂ@8ﬂMBldﬂaqxnatlon MAC
separator_ 1092 perforns the sane

opéfiQFﬁﬁﬁ °§5t%% thrsél’%ufg’%?ane,séplalrﬁh@n nbgldesm::nwem MAC is

alive signal transm tter/receiver transmts
oS afgif?@g& granp; gadxess; gn&rsggsgn%o 03097 ‘that is the
f I f t
b FELET AP ol 00 ot Ll e Ry o

t hﬁeggoﬂr@n@h?sggﬁlﬁgagpf 102%, ﬁga f' eS tpg'%gltesm.ng in

manager 108 o ect.

t fé@éﬁéi‘é@iéﬁ‘%ﬁﬁil’i’%fle% mQﬁEé@E%J];E ﬁﬂgﬁ ﬂpﬁgggltgﬂatlon

as the keep alive signal tranSmtter/recerver
25MACpdidaieiseno £XaED] #pdt Fralei & hb%ttl'EéTJBQQHG%’Eroup address,

configure a spanning tree w thout blocking t
boltdesswmses 2hat there has been the input of the data frame
and transfers 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 tree controller 1041a, and further transfers
f.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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in the topology of Fig. 1) The first operation exanple

of this enbodinent will be concretely described in
detail with reference to Figa2gl, Fig. 30, Fig. 31,

and Fig. 32. 5 1In the operation exanple, the operation
enabling the configuration of a spanning tree and the
data transfer, in a network consisting of the

physi cal topology shown in Fig. 1, will be described.

| n legpilcadfly hef muodashel e bhetengingldoid he net wor k
10 1, the tree manager 108 on the side of connection

(on the siTée porithdlostimgk ubit <l 0dEy geadtorti® the same
configure a spanning tree for the network 1. At this
poifReratieon: s thenagart Piockimg hmisi deD4FA & he

exi sting network (on the side of the network 2) is

not operat Ed% el .1558nkéockediagranghayeing tdeofietpdls of the

t I, th ts 111 d 112, th
oLk SR B g, ) b0 GRSy X0MD 1 &6 Srarfager
108, I %, ws fi t] f th t kK 1., )
peconse. st} HOBRySLoTy Ay Erapatelll § Beppcetive sianal

Tesagats c08 Ghel BEr20993 1) Wheldac Ol £ihe )

spanning tree for “"the nétwork

therBREhﬁEEéE?§ec€ﬁ%e§XQﬁﬁbeﬁgg Eg%n%%% soghkﬂgiﬁgg&yother

spanning tree to be configu i's shown by

| i thanfthégkedP. allhwe $D4maD\idhe: SHasHi vk :?’éﬁgcoiﬁs,, to the

deternmined by the cost set in ‘every link a rt an
t hereeimandges 408i theyvegly thedeutpaeCcof @H&g@gﬁttm@ . Further,

met hod described in the | EEES802. 1D or the

| EEEgoansfertetbal keep ahive pammialgtiraaemt @BbAofr@d the keep

here. will be referred to as the tree of the network

1.2 piYRrsigeal rieeangmitieenétewe kvar hhe9 3cto dtheblport 43 and.

_ 28 tree of, the existing network 2 is configured.

GEY??rﬁ}%ﬂ%ﬁﬂ¥?PUt 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 effect.

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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means the state in which the BPDU franme is no | onger
supplied at the intervals shorter than the tine

intervals specified by the Hello Tiner and the state

in which the tree structure 5 of the spanning tree no

| onger changes than a predetermned tinme. In order to
configure the tree of the network 2, the respective

tree managers 104 of the node 11 and the node 12 and

t hé ¥ ddppeciapad agye @ firdliagerk] of the nodes 21 and 22

and 10 anot her node belonging to the network 2 are

operated. e figspenexatiovesamlgeof thisdmbddiment will
nogF 11 and tﬁe node 12 and the respective tree
marrsgEPECEPtENY Agtesibeday detakl wikborréerande to Fig. 1,
be [ tq.the network 2 confjgure the spanning

trlggL of %?)He%ﬁ‘@t'v\&ﬁk 06 Fil9 -ex¢%rangi ng t he BPDU

frames. At ;15 i i_ne, in the_no 11, when .
ranem t11 B2 PHE CBEBA PR X RG] 6r S BRRRAEGOR eRADLing the
CopbnFYcRta®lont BE LT e 4 __of .confiqurin ,
t he trecﬁeﬁlofél fhe net aoﬁalgﬁglggi %]éégt?fé‘?l\ﬁl\f ifd%?&? er, in
t ha RedRofkheodds adtl &5 ok ER?SEB%S ﬂ'g?{;fogp'&town in Fig.
case) previously set accordin o the setirn

i N3t rwilllobe2@egtriBrdof the configuration unit 100U,

not the bridge group address, as the destination

addr ess, aSnfearch b€ thieDhotieantl tio 2 YE1GRA riPLdRthe network
side of the network 1, nanely to the virtual = port

118, bheatreehwanagesni08ednBPBY fideess aofnébefon (on the

trapsmts the above to the virtual port 116. 25
Si Fi-farey theactyerki2)t tanoperated, tte cdnfivairepar Spanning
116, the BPDU frame to be transmtted to the network 1

si teee he petmeskyilet BEl thastpaist, dthe keeBPDInager 104
fra to&ﬁf 529- trgnsmitted by the tree manager 104,
wi Th TSt cfdtir e 21 s ngree hwark frany thasiidesef the network

. : . fo(2
thf)sfétﬁgg 6£§££%Eﬁl§gip S£nge the tree manager 108 of the

node 11 cannot recognize the ports 111 and 112, the network
configuration recognized by ﬁhe 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
configurethespanningtreeforthenetwaﬂclwhileexchanging
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
IEEE802.1W. 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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of the configuration unit 100U (the MAC address of the
node 11 in this case), not the bridge group address,
as the 5 destination address,,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 11, not the bridge group address,
speci fied as the destination address, is handled in

t he reef lthod¥kigt inlendatarkr Ang cbﬂf’i%ﬁr@@t W& &t dng stable
and transferred to the node 11. The node 11 recelve

t heeBRRUthe avmatad ihheh PORtthd BPDU £E88e BY holildnget 'ﬁﬁaplled
t he destinati on address of the received frane is not

t hatbthegéngeovpladshessert bkanbohe tinanmipassts specified
through the BPDU transmtter/receiver 1043 15 within

t heYt Fae Hehkydimeoganddtherstase din whéchr theftereaimittructure
105. The transfer unit 105 recognizes it to be the

f r RfethecFWIRRING dirach@cs dphgssdehanges sthams paedetermined
to,the virtual port 116. The above franme goes through

t h&HRPrt val port 116 and arrives at the BPDU

transmtter/rec 1044 .of the tree 20 nmanager
Here, the CF %?n?f’fl LAPEEeFhetar 2L FB@eﬁ‘%’é@o{”ﬁez the

2004502, EERL ATy S0 U ! 30,1154 e moce 1
SPaAAi file Eé%&ﬂr\fé Qe V'n\ﬁﬁha[é{q%cse%? VIR dé$621 and 22 and

network 2 i n cooperation e tre€ con rorler

104AotRErAholidi 5e1bﬁ§1n£e;h€oE’El:?lﬂ_J heafBrkr angpkt B?%rfartg@ The

the node 12 to the hod may be transterred rough

t heespdet ide aftee tihdstes 14 Y etet REANALL agel Gﬁ?e QIode 12

the node 11 is stored -30- in the destination of the
BR&LL f t rerece dge-thiode ti2eandiniai@rsnodethd sloa@othi nthd 22 and

with this frame. The node 11 receives the BPDU frane

t rameteer eadvdehvelghgibe toodee hétamdk heonddegutd 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 grbup
address, as the destination address, as for the BPDU frame
transmitted to the side of the netﬁork 1, namely to the 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
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at the port 113 and the processing thereafter is the

sane 5 as the nentioned above. According to the above
operation exanple, at a tine,,of the spanning tree
configuration on the side of "The network 2, viewed
fromthe tree manager 104, it seens that there is

al ways one adj acent |ink between the nodes 11 and 12,

for 10 the foll owi ng reasons. The ports 113 and 114
CaRRQinshe t tdC egN e 4 tyal

can be recogni gggﬂ%rjom t hgm\ﬁé%il\r?td'oﬁ%ﬂéq{&reeéé% address
meEgehe idde Prieda duily dest bpatnd R ol e : BEPLuELIBR of (2)
to be transmtted fromthe tree manager 104 to the

vi otfuthepoonf ldérasiorphrled oWt R dHee MMACadEraddr €6Sthe node
of the adjacent node (node 11 or 12), the nodes 13
andl14ncghnst cesenecogti tde hrdedehenaupnpridiiessf, tde the
tree nmanager 104. As a result, the network

cofer§iration addeegsi-zed by the tree manager 104,

nanmely, the configuration of the network 2 becones as
shown i n FRGEOB4ingnkockhaprleovd pifocers sxanmmdghe eode 12,

copfi by this operation.is shown by the heav
P RheoHbBp Yo’ RREERG L2 d. EanBhE PEthRE | SREenbAER the

21 C roet , node qf e tree of the network 2.
InM§§d§§§?%§%r ge efP8ﬁFggEerﬁP$n§g§ LG&H?eiﬁrng ggdress,

neg ééff?[e&oébsz%geadégggnggagﬁﬁg%épf%QP ?jfseé_]an%ﬁ%fihgg the same

node 12 to ways ‘a branc

Cag8y s U AAhE £ridmieal iﬁg?f_}giﬁ]@t\%%:?f Pr Qén%g%%“gﬁts%%rred to

l i nk” bet ween t he node 11°- and e node

sethé mdake a10r #hehnefet PE RS s +HBBBY £l 80t
cost of the link between the node 11 and the n%Jg§f§e port

Vi Bh&dof I thie t hor bel 1M ks 2nc828ReYdebB8n6@3bnOhddtBes of the

virtual port 116. As a nethod of making the tree

meregeived frame 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. Here, the BPDU transmitter/receiver 1044
receives 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.

At 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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5 104 recogni ze that the above is the special |ink
connected to the virtual port, an identifier such as

atag and a flag inserted Lg%g a frane can be used,

besi des using the above-nentioned cost, and any ot her

met hod can be used as far as it can set the link

bet ween the node 11 and the node 10 12 to be a branch

of the spanning tree. The above operation will be

si Al @hly R IHIBLPLBe IR 'ﬁlﬁ’ﬁprﬁaqm?,v% tnr&edm% :]%‘efnd the

manager 104 of configuring the tree o

i nnble DOdgo FbiHANs Wikh thesBFME I 3R nloliet e rec%ives the

network 1, the node 13 transmts the BPDU frane wt

15BrPbY FREmeddtessrerrbletnedaghdtAbl A6HBU14 Oatdlethe node 13
destination MAC address to the side of the network 1

(t b& whet pairtpdr3 ahtb khelhe ovelswdnky aMdfieiifitdr A% the same
recogni zed by the tree nmnagers 104 of the nodes 13
anédslthenagpityonede abovfei.gur ati on of the network 3

becomes as_shown in Fig. 32. In this exanple, 20 the

spanni ng tPEEOCEGARTIGLY cthashaviengpelrat ioneereuplel 4t a time
a root node of, the tree of the network 3, fromthe

Vi BhdI EPAgR I EREE AN KTt Sar @R By (el ehishe netvork

5 v B0 e BB S e 16

nodbr e coné phIARERET RaBkeRelrBhm. AB SRR Linred 42, for
o SR gRe g BeREE 157 SR 114 EaBe be

cnfcéagreda M4s eneEC skt oSt M ol fcosnssen

actftigh SReNBiegpbifae. ofi ¥hbakkke WRBAgLRE 102de skdice the

transmts the BPDU franme 5 fromthe tree nmanager 104

t odedrei mat von ko fl thiedBPIY Fer-avig tdade 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 network
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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port 116), in order to configure the tree of the
network 3, it transmts the above frame with the
destinati on MAC address of -she 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
topology of the network (spanning tree) converges
i nB@da ther mogieevieniamg ber smta Hootye alherammtamgd emef tree by
t he conflguratlon of the conpleted tree is shown in
F| E‘lnemaéﬂ-ﬁéélgt et costc off itdrer dtiindn bednices: ddyeemdideg 11 and
55 th paraneter such as a |ink cost and the |ike,
8e§° Bt 12 a¥ $RYed hEERHEt B eng bWl ohf i rpuReity orthes cost of
t he network having the physica

%@”ﬁowgvgk-%drﬂléy BB oRmRF N @ fmakinga dreampanager
' ef04! PUBOSRIELILREL, A IS AE S ertidals 1158 pangectea

f f t th t
SR R U A IR 10

, bemgeﬁtéaelﬂegt hnat-hRs agdr sasu%gt hsefsfla%‘;nggﬁngh%he

contents of the tables 103 and n eac

t heébsasemeByonsd EBStyeagaabnpebrablk. mAkhBaughnt
contents of the table59103 25ngnd 107 are deterﬁ1§§ used as

bafad om itheansete thddl eakebebfeéhethé Mdde f1AERS Il:ﬁe node
the address |earning units 102 and 106, the node of

t he2 i v e i anbranchi of the spatnahgpereell6 and the

-33- virtual port 116 may be witten as the out put

port in tiehe takimess opg3-adricnl @i liln beosemidsedy performed on

Accordi ngly, when the address learning units 102 and

10829 HOT K deniihen LharFree anrgey 4 of confibaring the
qeg of g franme input fromthe 5 virtual port, it is

neCeRB &y P8 B TTerk o 1pi Fhefiodeodd tusnsmibe e BEBU frame
ets.:e't\ﬂen%ettt}%rib(i\:etfuraaggde St' %J.Iat}lesrrtuatbsl, etsilelc])B%DU frame w1th
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 network 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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and 107, as the output port corresponding to the

source address of the above frane. Even when one of

the above three spanning tregs_is 10 in an unstable

state, packets never |oop. The node 21, the node 22,

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

conventional spanning tree-conpati ble node and do not

require any special operation. [Operation Exanple 2 of

t heeHe maideEM30GinkE Athe Sicdd a4 byd Q:‘dn‘:‘:re%t%QPW t‘?ﬂ%%dlp other

the network 1] The second operation exanple

fi byt aepadti mENthewinddeba 3cancriet-aly pge st l?x%@:w‘d}k 1 in the

detail with reference to Fig. 1, Fig. 2, Fig. 8, and

Fi gcteall spehndngpéreaki.on exanpl e, the operation in

the case 20 of a failure occurring in one of the four

I i nks for nPagilaclynetiven khe nobe be tdessnitedthe BIEU frame
gologg shown in Fig. 8. In this operation exanple,

TEBESERE griash MAnagere 1Rgdeo thes meitwgrikhats #dé afthe eirtual

has O%CYiéed jn a link between the node 11 and the
noB8% 121196 |11 tHRdste o cRNLAGNA S Khei ree ofisthewmetwork 3,

Lot A P 05 B AL B h R bhaross

'opgga{hgnngéénghea%tggg gbg ﬁa_ the tree is stable.

In this state, "whén a s occurred in the link

bet t
515, 8 e i PR e
r egot athé‘ BésPedtbevs hﬂé{:wakgr yaks §0ﬁéc8?&135f 'téetflgr above

a predetermned tine and nore, and therefore
f avperetlenert thie 1D@gié§DSHb%§lo§Peof athé' BePRbLER! (BBanning

signal to the tree manager
tree) converges into a form preventing from a loop. The
example of the configuration of the completed tree is shown
in Fig. 8. Since the tree configuration varies depending on
£he 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 fraxﬁe and the contents
of the tables 103 and 107 in each node, in the same way as
the general network. Although the contents 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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The tree manager 108 reconfigures the tree within the
network 1. This reconfiguration is perfornmed at a high
speed 10 according to the hisgh speed spanning tree

al gorithm operated by the tree manager 108. One

exanple of the tree after the reconfiguration is

shown in Fig. 9 (the shape of the tree varies

depending on the cost of the node and link and the

| i R&rtusd pocdr dilibg may thee vatidwen exoAfhed Widigud pde in the
BPDU franme of the tree of the network 2 to be

t r &55dest 483t andhd 0% rige staagersek4 Aafoddtd mylde, khen the
fromthe tree manager 104 of the node 11 and the BPDU

f r ég"né‘r&PSt IlréaFPé@goﬂmtﬂ#é Adnwanid 126t @fhdher dmyeinttish learn

he tr 104 of the node 11 20 fromthe
trs engﬁagéiﬂ”?ee of iPhd N GA5E2 Ofyfihieh SraRe HamNt from the

k di |
hodate ?Ei O et RS eRERGY -0 HE o SAR BLF BuRABOTE 116,
e G, GG PR COIEEA 1 10
Seﬁﬂﬁnib?l | ¥s gﬁeTBﬁtﬁﬁttuﬁl i @?%E%Eg?ﬂ%&nx;\}%\ge\é dotirce

changed accordlng to"the“recon I'on rom

thed@reesobt tHe ABbVYA' krdmeSi NCe there is no change
found in the cost -35- and the path, it never affects

the spannimxger rites Ghié W AHOMbRfe tt'i‘l‘%eréets%rﬂﬁl%g trees is
This is because the BPDU franme of the tree th

neinoak @nstanbe statessgdckytbhﬁeveﬁpeabpve tree
managers 108 of the node 11 and the node 12 and in the
nodes 5 13Fhmdade 2dut tihiee npdet 22¢ thensdde Ihe drndirihe node
to the network 1 side is always the virtual port 116

have 9nlyr1-€9nbﬁ1§hev¢@vmmomﬁl spenmiey bfeekheompatible
net Al t hough the frame is not transferred
be?%&% 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, Pig. 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
node 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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conpl eting the reconfiguration of the tree of the
network 10 1, this period is very short and
therefore, even if the BPDU frane of the tree of the
network 2 should be transferred to the network 1 side
and di scarded before conpletion of the
reconfiguration, it is not detected as a failure. This
is, taking one exanple, because the tree nanager on

t hehsd de-ef ikd dapnretwork 2 detects the missing of
the continuous three frames as a failure, as for the

BPDU f r ane Inotlbes stakeni vhéed a S80EEAL h4d acéuffé!dtl\epthe link
seconds, and the reconfiguration of the network

wi betbeenohbeearede i1l ahduthengodedmdke ?nhlﬂfré)’frames which
since the respective tree managers 104 o 20 the node
13thpdfahbunedetiectéorl tthiag bgehheransei bfihhereqularly at
network 3, detect no change of the path caused by the
re&Bﬁf%@%tMﬁiﬁWak%ém notladrive figeverprddatotsnimed time
confi,guration of the network 3. As nentioned above,

evBRARTE n 304 ItheTr sfaresc thier Eailusedeteetonc09 transmits

ffect, t k 2 and th
nebtB adiuh, BREBCeTonsa s onedorootbtr Sren Apageacdos.

S e
\rMeE:olnP i gLr at | %%Lﬁangggr&eﬁrggé}f’?gpufﬁﬁ the tree within the
r egepfibeRr Al gy EjosogeEBﬁfQSE%q:lﬁ(.oﬁ } %oe ﬁr:’mggﬂo%?nq}lﬁh speed

of the First E ment: “single

t hecBetaDhé t1d tﬁ@ehi&h réi)é%ﬂf— %gtahﬁ?.n é%lg{lb B:qmm operated

first enbodi nent be ¢ ncret descr

debgi thev ted Qﬁai{dij@le IOB Fighe éﬁa.n{iil% oF thedtrde %E‘li_er the
Fig. 9. In the operation exanple, the description w

beremmm@1QMDat1bhelepehaWnomnlELEDEQCaﬁﬁeOEhhﬁéoﬁﬁftﬁg tree
a failure occurring in one of the four links formng
t heaneeswdkpanding 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
transferred by using theApath 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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10 in the topology shown in Fig. 9. This operation

exanple will be described assunming that a failure

having occurred in the [|inkhetween the node 11 and

the node 12 is recovered. In the network shown in Fig.

1, assune that the tree of the configuration as shown

in Fig. 9 is forned according 15 to the operation

i ndi cated by the operation exanple 2 and that the

tread §h§E>&th|,l Zedevhh dMiscSd /b8 s i g Li-BK Jogiﬂi‘g&ation

between the node 11 and the node 12 Is recovered,

keed aheveetwanes Wihisahiki Mecadbe! Hige IEHDUW K 2HRL 861 Ke tree
109 again within the specified tine 20 intervals. The

f aiolfurthedetedotoak P09 ssmeps driedsidding il adffbctive tree
signal supplied to the tree manager 108. According to

t hmgnagesst 168 ofndyemolles lileandf tiyeirmesdd 1@ tindein the nodes

wthin the network 1. This reconfiguration is

pelfofRfdldt Ruthitile Bprtdtacuoins fey tthe Kramegho speetetwork
spinnLBg .25 tree algorithmoperated by the tree
nmarafefe188. a¥vavet the Girtwel ipert skl constantly, from the

reconfiquratiaon,is shown in Fig. 8. Owing to the

r eCORIPYaF tP%thFh%rngBffF NSEWOrE 237- tree of

t he t itted f the t

104 of tnehenedyl pheTRETpb 85 kRt ratsecr ePnEeRsE

12 e B : f.th t t
peooRpaetERa e, FEa0RE bl b e b Frag BR. EhB b evork

121 ochie gediRe 1809886 sHOA: Und RacRde L1, F}Aghq‘f the BPDU

have been transferred “by the path sequenti'a

cofinamei 6f the H1eede oklihbhgebRdek 3 JhdlEd VW& rbhs @%ed to

the node 12 in this order before the reconfiguration,
cabhéenetanskelr eildbyandi dgsaalrbiald pefbeet cogpllbeibader the

11 and the node 12 directly. 10 Al though the transfer
paréceonfipuvrahangeditctormvingletected 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 reconfiquration 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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to the reconfiguration, however, no change is found in
the path and the cost and the like, fromthe

vi ewpoint of the tree of thgghetwork 2 and therefore,
it never affects the configuration of the network 2.
This is because the BPDU frame 15 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
anthetflorerade et4 thandtetba FRQrdtA d ¥ ft@le hewbram to

the network 1 side is always the virtual port 116

const ant | y[Opératioh&Exdmyipoidnd f afhd Rerkta@unidinient : single
network 2. 20 Though the frame is never transferred
befaidurgorprevesy éh the netwwirkguriati on of the tree

of the network 1, this period is very short, and

t her ef or e, TR e 1#d OReIRIDION Pramplef inhehe fde sif embodiment
netmgﬁggé shoul d 3e transferred to the network 1 and .

di ¥¢ CREFSRESLE AT Hhedin detasl wddnre§aranrento Fig.
itywi Ll no bg.detgcted as.a failure. This is, taking

one’ exafpl &’ béfaute #RE Fide Sanager of the network

25108 SO W 3P0 SlphB TR S8 11 e

-38- franmes as ure,

t rA481 db sk .t@x%nsgﬁl:%ﬁibﬂ &Y Une LARSSE Olnedéovevg‘iixg 4 ?%ilure

reconfiguration e networ be”conple

abeEu BPEN§EENNGne Sl 15| Fousi DERKL cLhye
Shostsneno60Tung 47106 Yoy S SSBA EoLRRISEL NS ek 1,

nehagiieg tope loggeshbwh Nitn FAt.Wor ke s Aacde ih eRAAPA e will
of the path caused by the reconfiguration of the
netewldsch;ibead mmsamiaif ehhs &hfailenéilpyaid QR cfrdd® in the
network 3. As nentioned above, even when a failure has
ockirk deetween tie mede hbtandkthe hbdaeyeriaffecbsered.
the network 2 and the network 3. Further, a |oop

never occuks the afapwerkcshewn HimFig. 1, assume that the tree

of the configuration 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 108.

According to this, the tree manager 108 reconfigures
the tree within the network 1. This reconfiguration is
performed at é 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



10

15

20

20

the network, any tinme during the reconfiguration and
before/after the reconfiguration of the network 1.

[ Operation Exanple 4 of the Eirst Enbodinent: 15
configuration of the spanning tree by the second

topol ogy] The fourth operation exanple in the first
enbodimrent w |l be concretely described in detai

with reference to Fig. 10. The structure of the node

of thrid@ oBVEHY neRwbiki N&d BEr{PanSRefadd %o?r?@ﬂ@lérié manager
substantially the sanme as that in Fig. 20 2, but the

nuitiddr odf thiee npdkt 91i $oditheekerle Ma@gelal gian i he fode 12
The operation enabling the configuration of the

spandi tyet BEOUaddamee ofatthet raesf @f whe neewdexcri hed be

in the topology shown in Fig. 10. In Fig. 10, the
netRenrRmitited bdes e ttreeosomdelr; 102, of3thantodd If to the
the invention, simlarly to Fig. 1. The network 2

i nEFGRBaRAgeR ddik of 1themodsmd 123whanll have bestmubriang ferred

ingluggs the nodes 31, 32, and 33. The nodes -39- 21
t 0033 ARdP3tht §egeenbiAdLyhapBrethagt khenpadeof lyhghe node

nobas. SRR ofte AL BBroRGe: BORRe ActaoFRLs, OFARL Pegore the
: | fi h . f

;"ﬁ*;@%é{%%ﬁ@aéfiﬂf’iﬁa%ﬁP%"%s'Eﬁ%?’rg#ﬁsﬁtE CiRdg8y 11%

LT oneeCOEhS She Bhde I ent EaE Bt T aiRacERY - por

115, whi | eatieolBAPYHd @98 nks | :
received in the port 111 Pg Fﬁgbgg?t §E§§gﬁg§%?e??cordlng

t heo spanfedghiifer OO0 JHSFYdWS d iR 8% EQuRd in the
the tree of 10 the network 1. The operatidns up to

hepatiar and hehs aces tisandeth@piké | OPréxagpé eviewPbifit of the

the tree of the network 1 has got stable, the
tree of the network 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 therefore, even if the BPDU
frame of the tree of the network 2 should be transferfed to
the network 1 and discarded before completion of the
reconfiguration, it will not be detected as a failure. This

is,rtaking one example, because the tree manager of the

network 2 side detects the missing of the continuous three
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tree of the network 2 is configured. Getting stable

means the state in which the BPDU frane i s not

supplied at the 15 interval ssghorter than the tine
intervals specified by the Hello Tinmer and the state

in which thée tree structure of the spanning tree no

| onger changes for a predetermned tine and nore. The

node 11 transmits the BPDU frane to be transmtted 20

t o firhdeBetwos I dli 1aNElkY Eortiiee HETW Fralel to I trifnsmitted
the BPDU franes to be transmtted by the tree manager
104eheraldgnfingevieny tthe tseeends ,t ke i1 Wik récotiftifuration
the destination MAC address previously set according

t oonh&heemneitmerk riswildt iben compl2teaf irhebout one second.
configuration unit 100U (in this 25 case, the MAC

addr ess of Sinélasd¥  12incedhe hesbectjvegrmpmnanagers 104 of

adghess, attached there. Similarly, the node 12
tr &R8nPPSet e BPOUthearedeo 1440 £ o MenaesMY tthie tFeenef the
to the virtual 116, of the

k 1, I
BPBOCrP a3  JoEety BRe Rheras e;d?c%r@tm sivagel by the
10 A ti ' MAC [ t
aobasthEsahie 18R, bbb MR CoS PRSI 8 e
CoBbheuGRELRIHNGE LAQUACRS, MG address of the node
11 in IS case), not the bridge group address,

att ached tﬁé”n%nti@l’?ecﬁ%%v@ﬂ%elg r"ﬁ%{hﬁfég‘g e U{16s pocurred

network 1, fromthe node 11, wt ress o

t heithie tite mMAiwdhe 101 i €0 vdlF UUIFRAY ehe n8PR6ELI £Gind the
as the destination MAC address, is 10 handled in the

sanetwayk a¥. ttheridedn, fa awep Netrbe deeWPsKid A place within
arrives at the node 12. The transfer path at this tine
meth@engtwonk| i akycbimectiungngheheodecbhfdgtriald onodad

12 directly or via the node 13 and the node 14. This

i sbpterebéafter 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.

Thé 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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nothing is performed with the frame in the node 13 and

the 15 node 14 because the MAC address of the node 12

is stored in the destinatiqggof the BPDU frane. Om ng

to the above operation, the space between the nodes

11 and 12 seens to be one adjacent link, fromthe

vi ewpoi nt of the spanning tree on the network 2,

nanely, the 20 respective tree nanagers 104 of the

nodé tid 2&8nand B4 tode dd@notThase it® béehen®da i Hige invention
operation exanple 1. It is necessary to set the link
bebwbemavhbentde tonvemd ivhe lnepanbi nic treenlnumies .a

branch of the tree, in order to prevent froml oop

gener at i oninAth¢ a9gie helong teethednetwerk 125the titee manager

”E&hﬁg-Of usi.ng the general spanning tree protocol by
ni mPHalfzPRgd ke E68Eignrenshe spaaniper trees oft vhe network

hod b d. -41- Th b '
i £ G T I < 509 SFP BATRREENLDRoT% 1T WRST LSS Yot
3 | he BPDU f f h . .
rakiagr T8 DU BnplE, o i i et Gnd AecRibRarkn the port
' 164 ] .
Bbt e F) Sn o PR 11 RRE1ATHPEERY shpBd, Thats, Mansniteea

atheghestd Brddsin At bOAL | %Ctggdégﬂsi 119, Hige aﬁ:‘ ter, the

network 1. Simlarly, when the no 4 transmts the

BRE(LMAENE tféOrBdNEL duasd FHA0es FfelPelinfoVhd WAl tree of
port 116, in order to configure the tree of the

netiemetdjorkt 1I.r ghenvpersbeoRFhlp Kb hed@®avk! bhé hand \Gs the

address of the node 13 attached to the destination

Mxtbemdkic 2o . eAsopldi hg to t he above operations, when

t he spannin tree configuration for each network 1 to

3 is conplafitel thee tneecofl bhecuetvopkl bdiay sppansitaple, the

tree) converges into a shape
tree of thé 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
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15 capabl e of preventing a | oop. The tree topology is
represented by the heavy line in Fig. 10. It is
possible to transfer the frgge by flow ng the data
frame on thus configured tree, simlarly to the
general network. Even when one of the above three
spanning trees is 20 in an unstable state, packets
never | oop. The node 21, the node 22, the node 23, the

noge BtanbhetPederohe H¥L WIS QOdﬁaﬁélg'aQ{S O Yo % port

spanni ng tree conpati ble nodes necessity o

any 16t hef Hiad BPoul S afiPerd baNtr PRI tdQ 'ByEw‘SﬁEpileeé manager
of the First Enbodinent: 25 configuration o6f the

Spandi, ngitheehien delse inhitidnt 0pd e@dresB@rdvfildusly set
operation exanple in the first enbodinment wll be
coacrerdingdéscithibedeith inet dinls twivict iloef @fen@y tof Fihg

-42- 11 and Fig. 12. Wth reference to Fig. 11, the
nogenfiounatine nods 196Uat bhaddd@ addrées mef wdrk rbden 11 in
Fi 1, inthis operatjion _ exanple. As a result, the

re BéEtF9§eﬂre§°ﬁaﬁageb§l@9¢ prospt pddresss attmghed there.

manage the_t %ﬁ’Of the network, 2 and the respective
tree manag% ¥ frapsctrReigted Fojgh ﬁﬁ!ﬁg‘@r"t he from the

o1t tnd 2% ﬁ%ekwécféc?m%s?n%é b'nB Sefg; e wrsace
oA ARG 5%, B fhedty %S%za, hdBig dfgress, 1o
anﬁaﬁa@éd meme a4 fnd “%@ae#"a{fat Yo RAY t?fleaqq,klc%g bBework 1

total. In the node 12 ongi ng to t e ne
hayhddartheed ree tRnagile f1or, MR e ed B ‘?1eta‘@.mi:hls time

2, the virtual 15 port nmeans the other adjacent nod

anday hiee evhsi eat Deénki €btidkcting the node 11 and the node 12
directly 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
to prevent 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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ports for the nunber of "the nodes belonging to the

network- 1 and having the tree nmanager for the tree of

the network 2". In this enbgginment, since the node 11

and the node 13 correspond to "the other adjacent

node and the node belong 20 to the network 1 and

having the tree manager for the tree of the network

2", fromthe viewpoint of the node 12, there exi st

two virtualhpoabsve nopet&tioh hei Vi Hdlder¥orimel @ idiid arly on
the virtual port 127. The virtual port 126 is a

vi kheatetportk SorWhenndod nogle 23 tiwndnidistae BPDU fifHme from
with the tree manager 104 and a port for passing the
BPBlef taee NanrgBPR0 4 céneonifigurhiegMAE: adtzesst tdfe network
the node 12 attached to the destination) which has

ar fi Yedthesvigtupherntie 1186, t kheughdehd3pbranspd tsr the BPDU

th g@rt 124, from the tree manager 104 within the
nogﬁ §. "iRRnthet MafeadfrpsEsoththe PRABUAA Ahtashredr to the

- BARASS . . ; S
PoitetI8MI 88 RO add Ry b9 thE pPEdoRkndber 5 and

the t f ' T ' t, 127 iS. iJt

po?t ggPscﬁnec%ﬁt%’ t e\e{:{ %bgﬁg?‘g%rl&n%fﬂaﬁlﬁélﬁfy#? ;@'DU frame

tr It o - f ' R .
| 2R lORpRLt IOK' 1ol g 0D, 5 PR, in orcer

Nogle cba fAldia@ eletOrdd @ F0ERb ' whi :
10 at the node 13 t hr ough theﬁ%%‘{rr?f%gzl %?n-f e plgir%é%BPDU

12frarhe omd th highd NERC nadapess 10¢ whé hhddé hes ngdeadBed to the
This time, the operation enabling the configuration

of de stei repiainon: IMAC raddeeslst he data transfer in the
topology shown in Fig. 11 will be described. 15 In
the node Pelaomylimg to the abetwsoppetatibest reeen neheagpanning
108 is used to configure the spanning tree of the
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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network 1. At this point, the tree manager 104 is not
operated vyet. Thus, the BPDU frame is not transmtted
to the network 2. Hereafter,,the spanning tree thus
configured is referred 20 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 nmeans the state in which the BPDU
franeanhd rey.supplied at the intervals shorter than
the time intervals specified by the 25 Hello Tiner and

the state withhitebhetdrcéres silg.uallyr enef nbhe 15BNIKAE node
tree no | onger changes for the predetermned tinme and

nmodé. arddaddéd vodehd Inétwoski I sid P BPO) finarkisooperation

transmtted to the network 1, specifically to the

neewsiRle. thﬁoagheshét.pbhe tespectiire poee hbdageas 104 in

the virtual po of the BPDU franes to be

tr shennedes ﬁ/ tchd % re@agen&yer tred ebrthguretwprk tthend the
ree of the network 2, with the destination MAC

adH?@E§Cth%VF’6%§I parggexscoPAi #g tBetpedset Lfngo 16 manage

t f fi t t 100U
b cBkeS Pt hrcosupedca o he node 12). not che |
bridge gr hed there. The e 1
triangm' ?s%ﬁg% %%rD% framea?g 9T AhSHIT R q%(? g%rpﬁgure of
netNer¥ode fpeﬂlfff‘?lly ito the network 1 by using one

of the port 123 or the port 124 through the virtual
port 126, tHd ddie BRDWHGAMES 9, belbféemﬁggem EDEm the

tree manager 104, wth the desti nat I on ress

prevd@us yhoehn 2BCPLYLNY i @hateaSgbit NG NSd lAdddLBnd that
of (2) of the configuration unit 15 100U (the MAC

adchexss afe ttheo nattetd4li potbssizasend DRV ihetokaildge

group address, attached there. The node 12 transmts

the BPDU flmafrbet pole 12 dreslundiedy 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 beloné
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 total; 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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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, 20 of the BRBDU franes to be

transmtted by the tree manager 104, wth 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

cast) theotnddee 12bridgRigl el adHesID3 i agheddhenes, from
25 The BPDU franme transmtted to the network 1, from

t héhenbdee gnageah 10Kdew i naddie sndef 11 haihwrde fPamecirrives
the bridge group address, specified as the
dedergathispughdhdatber, post f4om hhadiate ild ,t helshak setting
way as the data frame within the network 1 and

ar AFEVBSTAPTIRE RORS 12 divearstéher framei hEsthadmrDpanager

frangsgk the port 123 or 124. Since the destination
ad@r CotreRsfeEc8nddd frame is not the bridge group

anet 1 PR Rl BRR PRI a Y Y bR sonnecting

10 ' t t f it 105. Th

{r GheErahbekesylle, 165 008 fhe Hide diacy rifh and 2 port

a Epampadiestd pad ety fﬁ&mé ﬁ'éﬁ@gﬂsuffr tJ?fx-Tﬁ %%%b&&c address
t port 6. e above

and transfers it to e virtua

frafecassee 19 ddvudy thevéd Héé@irﬁ@’itorﬂjzﬁh§89fhat.% grrived

arrives at the BPDU transmtter/recelver 1044 o

trae theagedel®2. thbheu§hDbhet parsmiblebhr el Yertld44, from
recei ves the above frane, confirnse the contents of

t hehér hreeamdnageds 10lavithins theenBdU1Br,.ane, and

then perforns the spanning tree processing for the

network 1BhPsitimsopbeavpenatibh ¢mmblimg thentoolfiguration
1041. Here, the BPDU frame transmtted fromthe node

110f othe hepapatnd 2t ves grud $hehrdaigh ttansfisde i thed topology
the node,k 15. . Since the MAC address of the node 12 is

st Phew: #nt Fag. 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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destination of the BPDU franme, nothing is perforned
with the 20 frane in the node 14 and t he node 15.

Simlarly, the BPDU frame transmtted to the network

1, fromthe 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 sane way as the 25 data frame within the network 1

and arrivegnatyddae: 199Q ki + SERAEPOPE i‘a%rﬁé he Iﬁéagk'gn smitted

frame is not processed even I f passing roug

node theamélwdiex NOdephdi Fi411§ ¥ol 8hbYnety8rBADYhrough the

franme transmtted to the network 1, fromthe node 12,

W bbrthe 1MAGr atlie 56r1©f11her iwdend 3rirtiRl tWee-thr icddehe BPDU
group address, specified as the destination address,
i sfirandsetio dredtrannsieteddytidersamanayensi ddheohfiguring
data frame within the network 1 and arrives at the '
notbelBree /et ditdi mgityorkhad , BPDLhf tlresidst ittt imnoMésseddress
even if passing through the node 15 and the node 16.
AcBBRULAYSLY 8k Wodbperte itdhe setiting imstatatien of (2)
spanni.ng tree configuratjion on the network 2, viewed
fr8 tll%cpﬂ 1guspEdPrventt dO0thhagethia gaser e Mggaddress

PRI SPHRI et b RELABAEEOL ARAT 5= arif GARMSH there.
dj I 4 13. . T .

s as fol | 508 Fl%%éf%%%%@gﬁ%%?%ﬁ%@”afme tﬁgveebéggﬁgﬁltted

e P oo skt 8 PP A LR e S n RN MY oo one

104£ Gfhe petnPole k2 thel PeLt tes desidudd tRB WirddL %tPo?é 126,

frane to be transmtted fromthe treée manager 104

t hef wWiid B2DUPPFrdmed 20 be tELPhaRLELdl LY the Mie AN RFET 104,
of the adjacent node
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 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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20 (node 11), the nodes 14 to 16 cannot be recogni zed
fromthe viewpoint of the tree nanager 104. I n order
to prevent fromloop generati gn necessary to
set a |ink between the node and the node 12 and a
link between the node 12 and the node 13 to be al ways
25 a branch of the tree. In the case of using the
usual spanning tree protocol, the |ink between the

noﬂﬁn@lieanijntiﬂ?e %%ﬁjrﬁ‘e %gge&g g%ﬁg ?.?Ié %rgﬁ Hi' etﬂ%? d@twork

12 and the node can anc

the hhgeapyivedid@ldd Rpdda2c0ehebgbUECID xtélfem?set%ﬁe BPDU
and the node 12 and the cost between the node 12 and

- théramdeat Scivé et fingmokrhe2 0t ¥Dfike 2 hPded HRIANAGGPEddress

maki ng the tree manager 104 recognize 5 that the

abofethenkscaieed hfrapeciaindt nkse donNnke eddup Hikiress, the

virtual ports, an identifier such as a tag and a fl ag

i nsame el anien pasaekr timeowein tie BEOY, tiasinidst ers{ merditeer 1043

above-nentioned cost, ‘and any other nethod can be

us@ataénffabe 45rae maangsst 108 and iank iveswebrthe & nader unit
gnd t he node 12 and the Iink 10 between the node 12

anb P heTRe derans£r pinit pkdh deeraniwes %ﬁh@ @boye frame

(e Rt AN W TR o ot 11 ane
CREERREE A LD cd DRty S8Rl %fat”iﬁt mﬁaé’h%kﬁ%gé Fefe passes
{ rEnBbuliie B bipPdan B8 EO8T6 And] BERSULES ok EnE HEpy

t hergeshi PRLE PRe QI ESS1 £4 e LRt WREK rélan%ﬁ'fdd y 'Ith% BPDU

the node 12, the node 15 transmts the rame
b eti‘éﬂ@lﬁﬂttéﬁﬂré@e 1Her NWAPFEcd i PEsUHEHODE £12ndf conf irms

the port 153 or the port 154 through the virtual port

the contents of the frame and finds that it is the BPDU frame,
and then perfdrms the spanning tree prdcessing 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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of the BPDU frames to be transmtted 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. 25 Simlarly to the node 12, the node 15
transmts the BPDU frame to be transmitted to the
network 1 by using one of the port 154 or the port

155 thr Ougﬁlﬁﬁ.‘fai‘igt L@Le Bebl rrdifs t@a&#@@t@%@térﬁ?ﬁetmrk

to be transmtted e tree manager

degt i ﬁameﬁhé/Aﬁoaed&QSSwQ%ﬁVtﬁHSMcSQHd&EE% ¥8Cthe node 13,
address of the node 16 in thi's case), not the bridge

grodp theldsebdge fiagheidieys, Spaddieidd RissShhegdbBeination
spanning tree configuration for the respective

netddréss 1 is Bandled dimd tmandfembedein afiey alamenway as the

the tree topol ogy converges into a shape capable of

pr@@’eﬂtflh@,mé o lain ddye neheronked angohngives at the node 13.
resented. by the heavy line in Fig. 11. It is
%%%l%lh dhg BPDUhEravefisamotbprorescad even dft passing

€%¥ us configured tree, simlarly to the
A9 eY rRORy ﬁ @REntBReneee hE-above three

o0 S Bt S B 148G dREor e

%anﬂﬁw@ae%«gﬁtzgafa*e%ﬁ B YRRt £een
f E

NS e 16 U T S TIRTTE T th e

nexs, ikl EE@anOthéﬁ ca{@k@q\x%saias §f@19§ c‘ﬁi}éé%’é ciﬁﬂlkoﬂ¥tween

beconmes nore conplicated and the nunber nodes
the nodes 11 and 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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‘gradual |y while stopping one

accommodated into a network is nore increased, it
takes the longer tinme to configure the spanning tree.
25 I'n the embodi nent, however. by dividing the
spanning tree into every domain (in every network),

it is possible -to shorten the configuration tine of

the spanning tree. -49- \Wen changi ng the
configuration of the spanning tree owwng to a failure,

t heoCREVEN I A& deGhR ﬂk‘@ecﬂg;}ﬁ’t iﬁlﬁfizfﬂgfﬂl-ﬁé‘or I :tOBetween

e networ cally,

anghennodeen 1t aneensl hadee 10hanahehe BRkwobktyeendthe node
stops the network tenporarily even in a place distant

fram ahllethel hode QGcwikived EeSI tee nBtwdr&radi nent,
however, can restrict the failure affecting area to a

m ni mum byAsda wedihngl ol anskiamg ity tiree matageyar)d recognize
domai n. 10 [ Second Enbodi nent] Hereinafter, a second
enbbdtnehe apovéedlinkedriecobhewspechel dbieks beahriected to the
detail with reference to the drawi ngs. The second
enBoEEHBAIPOTLE han idenki bier sugir a8 reehagfashptilag inserted
first embodinment in Fig. 2 in that the function of 15,

t hePEP e ﬁ?‘éf’l%é’ranlé’& peed yrheides gy the gbpyggmentioned

nanag r  1Q4A, t function, of the failure detectar

108°F57 1 APE DY AEmdstied gamaPruPEedetBctar gk can set

h I [ It 0,] dded. .l n_t:h .
coinbatiaB hbauReR RS RBre Ty plichd, BERS, 12580ko8Re Link
dobechdeR ARUPhEaLAL, AR LHE hbAER 18! @6KHR0a BEhntAOos the
cuts of? the port in a node other t%an the root node,

thg%ggﬁinﬁrgyggting | oop generation even in the
multi-failure occurrence as well as in the single

f ?‘i‘h@{ﬂ;oﬁa ?opdﬁai::ﬁoﬁl Wi 0C o ipRaf fpnetP W i3gi 118y as for the
> LgsngE 30. 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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25 the node 11 in Fig. 1, according to the second

enbodi ment. The tree manager 104A perforns the

operation of transmtting a_gpot node signal to the

frame blocking unit -50- 110 1n a state in which this

node becones the root node, in addition to the

operations of the tree manager 104 in the first

enbodi ment. The failure detector 109A perforns the

f oblFoMh BPDY ﬁﬁﬁhaglwﬁew&raﬁéﬁuﬁ@gal%r ket £ BOS Mddd i 104,

keep alive franes to the port 113 and the port 114 1n

t hgiphedhtedasoetdashont MhCMaddireker paksiohdlyr eeel \(ithe MAC

the keep alive frames fromthe port 113 10 and the

poatidtédsanfl tlssumaode al§ aid uwleisicgisa ) t adtheher beidge group

manager 108 when the arrival intervals of the keep

al pddregsganattachedeybatdethe predetermned tine

intervals, (3) witing the failure information (flag)

detected WeeRHelmishing the spanning tingeocanfigurmagion for

bit area within 15 the keep alive frames transmtted

f r 6hft Reseeabive ’E‘ﬂ'éW‘BBFF hsoaﬁdat:f:aﬁéﬁpat Fﬁgtbﬁeabove
formation to t€ 03|te node

de?s‘é{-‘ﬁﬁ@masf SheEEege gxsqueel%ﬁfo%%o shape capable
ogs AL I 2118 E: VEBE orde toaddy i3, EBBrepented
11%@{1% %ysﬁﬂﬂéyiﬂ%‘lﬁgpqrt '%lt%g Signdle tcL%rtal?l fer the

ng unit when the re on
Offfgﬁe tfléﬂfn?ntﬁé)daeg EgﬁméabhuﬁﬁugeESEEQGugﬁd tree,
the node 13 in si mul t aneously occur. frame

bl 9£i#i Dgrupi £o 14 PeehoraE hBewbekl owi ng operatl ons
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 6nly 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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of: (1) transferring the frame input fromthe port 111
-51- directly to the tree manager 104A and the frane
input from the port 112 directly to the tree nmanager
104A, and transferring the ffame supplied fromthe
tree manager 104A toward the port 111 directly to the
port 111 and the frame 5 supplied fromthe tree
manager 104A toward the port 112 directly to the port

ot arri varhEh &S EhP ottt i PEIEAR SPaRning tree
| ; i is th . nad

(oFAER 5% HatliBIL ol IR b bR i Bpfpoes ehe

f i i LG 111Qpk t 111, gt

poctRE 19 2L E0H, BPaliRat 1R 10T, NBRRA pac gyt et ok

| NpgEa g, LA6d Ol Rida&¥ td Nediidiyurd) dhe whidlR WeekRrk, it

a port blocking signal has arrive here fromthe

f agtops @Iﬁéaeém'roxlle%@@raﬂb% NSekh 115 ROPlke diedlant from
node, 15 (3) transferring the frame input fromthe

pothelfdiludte esttyrtbnghposietonananes éfidddamdnthehowever,
frame input from the port 112 directly to the tree
megdageredbuict stihe| fafyureocaffiectang efe@lip antinimum by
further transferring the frame supplied fromthe tree
mefdyidinghe ofpponing poee inrtolevearyedemsing t he

port 111 and the frane supplied fromthe tree manager

104A toward the port 112 directly to the port 112, in

th t bl ock| i gnal h ived h
from the TEHTGRE BBRRPUREAbDA and this node i the

t node.Si he t s, whet (s,
node 15 ASAdERARE § fesTTonG: iPRatRefr [V hlbctihEncion
1096y £30 @%k@ﬂbe@ §n288Y8: h " PEABL AL QNG He B awings .

manager 1
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
1042, 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 loop 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 ﬁode 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
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Fig. 14 is a block diagram showi ng the details of the
-52- structure of the failure detector 109A. A keep
alive signal transmtter/receiver 1093A perforns the
foll owi ng operations of: (1y®Pransmitting a keep alive
signal to a signal 5 separator 1091 at predetern ned
time intervals, (2) detecting a failure fromthe
arrival interval of the keep alive signal received by

AR E  oR ae,
{ {

ék%%%ﬁﬁﬁﬁns#%oafﬁﬁwﬁgwﬁ% LhQ4 in the

saggrﬁhggﬁboggmgﬂﬁooppos|te node 13 through the

si gnal separator 91 when the keep alive signa

transm tteqhEeggi YeFe 18848088 QG@ﬁcbéﬂfBrﬁé'EH&efoﬁibw1ng
receiving the failure notice detected by t

opgpgrhelaﬁgeois according to the failure |nfornat|on
(flag) of the failure bit area within the keep alive
si gnal recelyereguluolytdigsmsitgialg keppr al dve 108dmes to the

and (5) supplying a port blocking signal to the frane

bIpoktnglanandlthempentalﬂ&i&urthenptbéesbdmioédtBhort time

port 114 20 in (3) and a failure detected by the node

13inker¥alsi nul t aneously occur. The keep alive signa

transn1tter/rece|ver 1094A perforns the f0||OMAng

oper at i ons{®F TSCBIghEhPtkeeR) 2d iNech ames LTOmyRAP RYFE 113

25 separator, 1092, at determ ned t

ReflvERe 955 RL6 cefingoRuian Br EaF b ﬁégaﬁh-mia the tree

| NheruaLe 108 henkeRR BLbYGad' 9ARE-LETE KETERE Wi8p ative
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.

'I'he frame blocking unit 110 performs the following operations

of:

(1) transferring the frame input from the port 11l
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-~ -53- 1092 and notifying it to the tree manager 108,

and notifying (3) the keep alive signa

transmtter/recei ver 1093A afsithe failure detection

when detecting a failure in (2). 5 [Operation Exanple

1 of the Second Enbodi nent: operation at a tine of

single failure-*double failure occurrence] The

operation exanple 1 of the second enbodinent will be
condrecdlly desthebedebnmanagelr WA dmd etlew Brdre Rirput from
1, 10 Fig. 9, Fig. 13, and Fig. 15. In the operation

‘exéﬁﬁl@oztldlﬁhdlmeniﬂyembo¢mmemmee e ar@ar AtGi4®) iand

the case where a single failure has occurred, has
beéﬁa&§§@|ri’-‘5@@ the fremgcewppliedofiiomthe thee manager 104A
oper at i in the case of the double failure where a

si fQFEes aFPSrBoﬁﬁsllg ‘é%’é%ﬁﬂeﬁ %mothmérp%dtlrﬂerand the frame

fallurggsoccuréed Wi | be described. In th

nePABPREHoRAOM ieg tree s?égaﬁsrtd H&:Aa tomerg &heoPents 112

b 1 t t
TSRO 8 1 A FOR L1 5 smacog
acs%ﬁamgdéQstRoE h§r :R?%ar{érr_o{ hﬁ]?c%/nll S eb N gﬁ%sﬁgrﬁ{ﬁk%e gﬁ:&r 109A

the Operation exanp

- therehat@18§6st 88 whEEhet Stl’f’i@tﬂcf‘d > J%e ﬂl'ﬂel‘:trc%cf:d%o%f Bg'enot) ,

tree of the network 1 is the e root node

of the treg pfd:a.tshffaﬂﬂtﬂl@hklzthé ﬂr%eé‘@ﬁ%e%éd ft'i‘goté'i@ frame
the root node of the tree of the network 25 3 is th

nobkbodBingnenbt 1he Mase the tpedthe Ngdenkd o&tsqtlzasand the
the root node of the spanning tree in each of the
netyRe knanger t h@4A and blocking the input and the output of
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 109A 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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-54- network 3. In the network 1, when the node 11 or

the node 13 is set as the root node, the node 11 is

set to serve as the root nqdg_of the network 2 and

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

network 3. In the network 1, when 5 the node 12 or the

node 14 is set as the root node, the node 12 is set

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

nodEridtinres @f tthes faiga®e tdeadcd@r Narken of the

network 3. The failure detector 109A within the node

11 transn?t keepe aldee aslignalsitgaalsrityert/Miededderl1o93a

to the node 10 13 through the port 113, with the

f aPegfermst Mtf@l%#ﬂrmppematamngnﬂ:hat a failure

has been detected in the node 11 just after the

occurrence (&9 Fﬁénﬁ&FKGFQGaﬁt&@H@daﬂoVEh§lE®@det0 a signal
nal . Thus e node 13 can recognize that a failure

-ha epgLa PFe&09 fite PEESS §€W%@€ﬁ f Qu%ﬂ?eFFQ%@d t he

node 12. 1 urther,, the ure detector 109A within
t he node ?%5 cﬁ%ﬁ%‘fﬁ’c%gl‘ah ak Eﬁeaﬁd %‘%ﬁegﬁ‘éFlVﬁanW"al of

1 4 t. 124 th t
Pg? ﬁr%e% orma gﬁnang F%g)eo%%g %’gtT‘ %r%%?a]a Svf‘\:ﬂﬁqu?rté’r 1091
h t fy th
oié‘a?féﬂ‘égf%?ﬁ%eét'f Bo) Bfie 808 manhiat F0bil L1°
signal . Thus) whecppgdecid E&ﬂlﬁﬁéogﬁféf-mgﬁﬁ nngglaﬂ into a

failure has occurred™in the bet ween t

anflailhee riotte ddea Witth Baihe kded la1/i€ DG Y% 1 HeE;FE%lbed in
i nk between the node 13 and thé node 14 i'n thi

stal)a and nteatbmiketpgatheesadd §ignAes wbi Ehehaﬁpbgﬁﬁe node
gglarly transmtted fromthe port 134 of the node 13
ttroegh the sighad separddoat 10Be whbkar the keep alive
intervals will not arrive for the predeterm ned hour
-5ilgnal 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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and nore, the respective failure detectors 109A of the
node 13 and the node 14 can know that a failure has
occurred in the |link betweenshe node 13 and the node
14. At this tinme, the failure detector 109A of the
node 5 13 notifies the node 11 that a failure has
occurred in the 1link between the node 13 and the node
14, according to the failure information (flag)

Wi 92 teved kel fatiinke i3l OBl thd ransdihdregyd:0veg g, tded
node 11. Since it has recognized that a tailure has
al ready ocdunr edthidyimen thiee keaqge allivendidiall0 node
12, according to the failure information (flag) within
t h&ndasniditiery rsiogiaten 3R taedHe dmiheraatetedtion when
recogni zes the situation of the double failure by
def%%ﬁQEjn%aqiﬁﬂ%hWﬁQlkﬂa&%ﬁvmen the node 13 and the
node 14. T i ssues the double failure detection

n, it
notice to Eﬁ@eFPﬁﬁﬁn Fxagpdexilngfutie Segong Embggiiment:
the fr bl gcki_ng .unit 11Q receiyves the _double
{ 2P ETAaRe B 6n MR ARG TR 2dqupa; Gailure
10 me bl ocking unit 110 of the node 13 never
cu??cu%?%n%%j port 131 and the port 132 because the

: ‘and the | e
i gnal - S e T SHE s TheRageoyh O € kBt Mliainepe vild

1084 céhctbee Dpdteddr ikSdSIH H%ttambm@ﬁ ﬂ-gf%gé‘ﬁc tq Fig. 1,

failure has occurred in the |link between t node

anBighe9podegl4d 13, aaaar ¢igg t1g.the failure information
(flag) within the keep 25 alive signal transmtted
toward t heImoche tider@tics ekaipde ReLoha & ddtabmBodiment,

failure has al ready occurred between the node 11 and

t hehaomereticciordiengase whexd aidingle fhdlmetilos okGurred,

(flag) within the keep alive signal transmtted from

t hBaRderen 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 11, 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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12, it recognizes the situation of the double failure

by detecting a link failure between the node 14 and

the node 13. Then, it issuesythe double failure

detection notice (port 5 blocking signal) to the frane

bl ocking unit 110. Since the frane bl ocking unit 110

of the node 14 has received the port bl ocking signa
fromthe failure detector 109A, and has not received

t haertomtrkn@de Isi ¢ghel neromrtknd t reen FAARAGIHe1A4, di the node
cuts off the port 141 and the port 142 so 10 to

di d8ble shé Beahkefrootpasdengthérvodd betiMeaet e serve as
respective ports 141 and 142 and the tree nanager

101‘2&.’3 rqfk Hodg gfcthe nedvrk Goandftichsodede3 ik set to serve
detects the failure occurrence between the node 13 and

t h&5n Faotapededrhigths medwoak dre Inntbenaetyork 1, when

fl i.thjn the k 1 i i gnal i tted
{r SHE RESROIE ot FBae R Hai94k @Rishectpe T orthe node
botZoss 196 Mo aetYE AR bR teaaor ot HhechSivoEe 2 and the
t hgogist yat i | e f.ai i th
porﬁ?%b}’dgcﬁlggsggéi%gng ¥ t%é ﬁ%%oe%qagl%deﬁé%ﬁ%h[e pegork 3.
20 Al thougpnéhea{igre &bpskipy $05A %}thé ?gﬁ Asde 11

recei ves the port bl ocking signa rom-t ure

deteahomitdOe Kelep18YEeCHL§nAlf ridif B hoddll 2N M node
port 112 because the tree manager 104 1s receiVing

t he3 ridatouytiehel poat .1 e wiaH uhe £l Betol nkdHhatidhgflag)

node 12 detects the 25 failure occurrence between the
nodledigatimigt tizat calef dlidl ureideas dewn idetdet ddiinut®e node 11
information (flag) within the keep alive signa

t r S hiafiter the mccwanende of t1si figkluhe attidahiesi £6%he above
detector 109A of the node 12 has already detected the

| i $kanadi | Thes pieawdend ot recouniziee thadealZaillure has

reco nizeé ) .
occurred in the link between the node 11 and the node 12,

Further, the failure detector 1092 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 link 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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the situation of the double failure and issues the
port blocking signal to the frame bl ocking unit 110.
5 Since the franme bl ocking ust. 110 of the node 12 has
received the port blocking signal fromthe failure
detector 109A but has not received the root node
signal fromthe tree manager 104A, it is found that
this node is not the root node. This agrees with the

bl @rid mgregntheiaspéct hee pRdi1udd HekR ddt£1098, okNehe node
frame bl ocking unit 110 cuts off the port 121 and the

podt3 822 &bet nodesiBl eahhknbdbwathat ront pobstachddrendirred in
the respective ports 141 and 142 and the tree manager

10&Re Adadr Hetyeen ttihe sl Iharat itdres ndde bde 12

and the node 14 are cut off fromthe respective

netvvorks 1Atothig st gy, Fhendadrldineydetectare1898hof the node

ectio Qé of the networks 1 and 2 and the .
{i\%oflﬁ?&lrfl Eﬁd ®pBedfrellohhgtohefai iredirt Arderred in the
e EaER, Bechaeh, ﬁﬁé“%%héglé’” P HhE Bk Houaciomap to the
RN T R
bei:%ﬁshb“.@t@@%&%%}fg onEe ia'éf;{c% 1Y ﬁéﬁ@%{éooqﬂzh?egd that
e no

tree of the network 2, Seens as

a aoﬂsliaréuﬁ@saﬂﬂréé&yW5béﬁf¥%éfﬁbéwééh Eﬁﬁ] e 11 and the

network 3, also the node 14 seens as |If a nod

25nbdel 12 £.acBurxlitid wat tR8 F&i BHBEW A fbihdk idm- (ﬂl'hg) within
this state, the node 12 and the node 14 are cut of

f r bhet heepeahibvé g¢ignallheraaswitked &Rdm! RBe node 11, it
communi cation -58- is disabled there. In the genera
uskecagnives  the sdituadfion o€ hhdeddubbedirody H#2tecting
and a, pair of the node 13 and the node 14 are
po§|%%%he@ah}@ﬁ¢nbﬁh@egﬂathgnnoﬁEthé potaghe 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 ndde 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 (flég) within the keep
alive signal transmitted toward the node 12. Since it has
recognized that a failure has already occurred bétween the

-node 11 and the node 12, according to the failure information
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station, and since they never acconnodate the genera

5 subscribers directly, even if the node 12 and the

node 14 are cut off fromtheggnetworks like this

exanple, there is no practical problem [Operation

Exanpl e 2 of the Second Enbodi nment: operation at a

time of recovering fromthe single failure 10 -'the

doubl e failure] The second operation exanple of the
seddilaggnbthimrthe Wekp dlki woBdbRkhe! yraesaitbed fddm the node
detail with reference to Fig. 1, Fig. 9, Fig. 13, and

Fi ¢2,18t mecadymigeesr dtheors ieovmtnlon i thdeidiblsd failure by
enbodi nent, 15 the operation in the case of

r eBSFECTAG S 19e Ldinkg|fe iflairieube tviven Hden ek ridehd Ithe node

thig operation, exanple, the operation in the case

V\:hé‘Se 'ﬁ‘??%r kthesgeearthendeubi et fri Hotdde tesitiignenot bee (port
fa'hur%.has heen recovered, resulting in the state of

t h8 EFRGRE Figndle, TR thep & rame: blgeking unit Hd 0.

net wor k shgwn i.n_Fi 1 su t hat .t fajlures in

t ot al havegéf:l‘éﬁr?%%gqrr?rqehg P nﬁe?ﬂé*é\rqﬁ%é’%&g‘@ nqde 14 has
an d ' [ tween the node 13
andebBeyBaend % AN ibchlind LIRS KEE LOE A0S pececcor
in1bbA, awd Had hBENERLAHFO] V058 LG ORS! ta'lol.niro the tree
havi ng been described 25 1 n ghe operation anple T8

t hmafiegepdieahodineats bee £hat Boref 1f4heahﬁe%hﬁa§o%_t 142 so
stable, the root node of the tree of the network 1 is

t heondilsahBe the Eeainen@gdomobabBent’ eBrolughl®et%@en the
network 2 is the node 11, and that the root node of

t heespeetivé pbetmelddr knd 42t badnete tZecOR@n@lgeirh@04a.

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

spanni ng tTke failamshdeftecttomt0ards the node 11 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 13. Since the failure
detectgr 109A of the node 11 has already detected the link
failure 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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5 When the node 11 or the node 13 is set as the root

node in the network 1, the node 11 is set to serve as

the root node of the network,;2 and the node 13 is set

to serve as the root node of the network 3. Wen the

node 12 or the node 14 is 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 serve

as deltecttoat 100deofif thBend@é Wz knas aheeddy |dét®cted the link

detector 109A within the node 11 transmts the keep

al fadlyirgnbketiveem the node 11 4md titee noske 1L8 tiv eegbgnizes

the port 113, with the failure information (flag) 15

i n&h@aﬁﬂ‘ﬁgaﬂiha’n aff Zhleudeuhde lfedduttet ecided sismeishehe port

just after the occurrence of the failure

Pieﬁganﬂosﬂﬁﬁa&béﬁeth§léﬁéme bﬂ@§klmmeuma¢e11®-can

recognlze hat a failure has _occurred in the lin

between th Hﬁﬁ the frape hdogkdeargnit i@t thﬁeﬂf’de 12 has

20 12 transnts

| hﬁl’ﬁ £v98) £6¢ Hor Bl ok ﬁigﬁsﬂrgﬁemthe failugecdegector
1
oY O hbt Eleo b bl G Sl Hofiel DS GART 4G the tree

" hanRgde 1 3t 4 %nﬁ%?ﬁ%@ﬂ% o5 1 LA node.

attached to the above si gna Re ho

r eresi agrébatwrbhachal the |
bet ween ?ﬁe nege 12tgﬁdby?ﬁghﬁ§ ESHHSE$%2 £ Hﬁﬁebakt. and

detlsetafod@I A ifitiamet BRoBRIBG hdn 1 60-1d E:%%%ﬁbfﬁ EHLE port 121
keep alive signal fromthe node 13 to the node

t andidghet pberpot22 EaBtovdiduble thai FuaRei fif@h @ﬁtslsq through
(flag) indicating that a failure has been detecteg

t Hehegwspe-t ius tpaaftised 4llhendci4i? ramd el tiree fnanhgee 104A.
attached to the above 5 signal. Thus, the node 11 can
recogni ze Aq@r@ng,ﬂqutéqu@bove 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
: interruptiqn, 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 ﬁode
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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occurred in the link between the node 13 and the node

14. The failure detector 109A within the node 14

transmts the keep alive signal. fromthe node 14 to

the node 13 through the port 144, with the failure
information (flag) 10 indicating that a failure has

been detected in the node 14 just after the occurrence

of the failure attached to the above signal. Thus,

t helshoties sk eshrt hegreng iz e-Heh ajerref #ll [ubes, MASveRBEUrd @hir of
in the link between the node 14 and the node 13. The

noddel 2osied llhendottbelnodet 82t ahd dophie dfiths enodd 13 and
and .they are neither the root node of the network 2
nor-Ren&0odeodet ABBePosithennadt vhthis. thihesedinien oficche relay
nod% 2 and the node 14 respectively cut off the

port- & 1P  ra fR £3 058 HSY ns¥as acrpmmedatey then general

AR, b, S 05, S0 2% s 11

FograrPpee aroh k8 HEFRRGhdind e Setmian here is
whag bggéggbhgrgrkglgﬁgovered, the failure detector

109A of the nod turns to be able to receive the 25

keep al i Ve[6Eéﬂ3§ibﬁrﬁﬂgﬁﬁﬁ.ge2pg?t thd4s8LkohBCEmbodiment :
intervals shorter than t e predetermned I ntervals

andpdetetdbn hbea tambube teeeverYndf riBR thBKshabweesail
the node 13 and the node -61- 14. %he node 135th§t isal nre

t he*tlontdoulslee nbdiXumws] t he node 11 that the |ink

failure between the node 13 and the node 14 has been

r ecover ed, The secondppera hioh aklampd el off eheeiddind embodiment
(fla 1 within the keep alive signal transmtted toward

t h‘élg Redeongretrglyigscyibedlisadesat havipdr tebepekipgto Fig.
signal, transmtted to the frame blocking unit 110

vi Phibigni &, Big. 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
intheoperationexample1:h1thésecondembodiment,thestate
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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and notifies the tree manager 108 of the failure

recovery. The failure detector 109A of the node 11

detects the failure recoverygbhetween the node 13 and

the node 14, 10 according to the failure information

(flag) within the keep alive signal transmtted from

the node 13. The failure detector 109A of the node 11

rel eases the port blocking signal transnitted to the

f r awewiolric Ri g e molikD 1 1Thanfat hat & HEERI0hodRIAE Ofhe tree

the node 14 returns to 15 be able to receive the keep

al iofe theameswolnko3ghi st dhepardde 1143 at the intervals

shorter than the predetermned intervals, therefore,

det ect s t h@neaef rhe maxisy drly tof thaenddenk dbébsweet as hshe root

node 13 and the node 14, and notifies the tree manager

10896f Phethsi FerBNdBgoFERE M edshs ofoithe, nedmorks 1 to 3.

thghnodg 20 1 _trft is not the root node keeps addi ng ‘

t hERt 5PRaPPOR LEnat theirodeild imcat @k Whe wagtomode in

of e ' e, ocgourrin tq the failure information

(ff‘ég) n{?ﬁ'{#ﬁ Jthetctkeeé}?‘% iMe 1§ §Rkl tOtFEREHi 3% ddie root node

t Oygr tgggﬁ: nd, ke transmtiti the port

bl ockigllﬁ%r}gp'l gha gzgaPﬁegP?aﬁgé%l£€ﬁsn§e%nPg 190 3§ 5re root

25nbhe sl JEh@OHsth\@ﬁ%e”ﬂHgﬁ Ehgenggé T;a%e%}a%' Jode 14 is
of t € notiftied the

the failure detector 109A € ho

tr eet nagagrs i@gt'ﬁgdeointQﬁefﬁEkHBEErf9o¥ﬁEynoaﬁ €is set
the failure detector 109A detects that the tree o

t heonse¢mwe kad 4185 1@t Sicde &Ff HC Aok @ & the node 14
failure recovery notice fromthe tree nmanager 108,

thésfaet ute seteetas €B8Arobtthedsode tHenfpbifroex the

5 node 12 that the link failure between the node 13

and the e faihace derectonvid e, wiackhin dihg hodehel

failure information itlag).mﬁthin the keep alive

si granstiehdiia kegp 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 the 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
(flag) indicating that a failure has been detected in the
node 12 just after the bccurrence of the failure attached
to the above signal. Thus, the node 14 can recognize that
a failu;e'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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toward the node 12, and rel eases the port bl ocking

signal transmtted to the frame blocking unit 110

within this node. 10 The framgg_bl ocking unit 110 of

the node 14 rel eases the bl ocking of the port 141 and

the port 142 when the port bl ocking signa

transmtted by the failure detector 109A is released,

so to enabl e the passage of the frame between the

r especismi@ spehéskddd ANl 42 d Ebem! £19€ dRIPYS to the node
104A. 15 The failure detector 109A of the node 12
detldctBroheh the pore LB3owelth heleveanltibe NeHSerdst 2o (flag)
the node 14, according to the failure informtion
(fﬂaé}cﬂtnngnthhﬁ Refpilakevkasi beah detesvedtiad theomode 13
the node 14. The failure detector 109A of the node 12

r el3é1§§e¢'5f1¥¢?é theuwteurzence @ £2the dadduirenatbeébed tpothe above

bl ogki n ﬁnal transmtted to the frane blocklng
unPt9nfd . FhREsy Ehe %P@@klhgcwmeqqmlme tHathqifaidure has
relgases t he ghoc i,n the port 121 and the port
129GHEReEhET BP&c Pﬁgye§rlgﬁ§re PPLRs At ped Eghet Rede 14.

passage ek 4y 088, oy SO5RC e EBipsBoppae 37
angr;ggmﬁeg ‘El@@ ]gée%eﬁe nOdSE?égipfdro% o%r %Ig O%g l‘g.é]-q:he node

above operati1 ons e

ar e3 adged; 4P hie 89{:‘@44( 3"%{1 i:h[e alilple? rﬁlt ‘ati]on (flag)

wi || have been s able € por
nein@fdat2ngnehabea rﬁmi@ 31'15)[! |Beé%? dé&%ﬂ%d E@%heahode 14
the recovery tine of the double failure,

possblaf tiear Eharetiuridemotebrite iamhbet«i&é}ﬁ{é@ﬂs the above
and the network 1 with the network 3 by the above

r esiigiiaht Thas ucthe epodeni 12 qure veriddig. 7o’ amdthe Faglure has
generation. At this tine, since each root node of the

{ reRCWEred chn neheot kniioketween 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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not change, the data transfer is continued wthout 10
interruption, in the sanme way as before the occurrence

of the failure. The tree canfjigured 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

corlfl.i Teechosled 18c thadi ng 8het heoBUABEE BtitEes N Shode 11
accommodated in a network is nore increased, it takes

20 thad Ithegdrink M itlamsoidfatyieen titee spatni IRy dridehd hode 14
t he embodi nent, however, by dividing the spanning

t r 885 ST ECPVESRs n,adaotdii s Hitee tiaishord emfidienation
cog%i uratLogétine of the spanning tree. Wen changing

t hd £da9i ydthinonher keap apaviai nigrabetrasmittrd toward the

failure,..the conventi,gnal _techni que changes the .
coRPES M i RIS Rualiity ISR R G RPTnd sicking signal

. . | Ly, ' S fi cth .
orepan AR LY, AL By IR SR L SR 1t noae

evVeAdi Rofipliase+HiLS he failure qceurrin

v AoupBeu oLl fanfhel Mipd U4 R, SEIE Bpgovery
failure af ¢Rets o HEJHRAJH A (AR e
spanning tree into every %%I}I Ebgén%’:ﬁﬁthéglrn\édgcggr&cﬁ ﬁagCts the
t ofahturecesdooab9dbeefbenb¥hebhoclkl 13 Lhg Fll.g'ét node" 14,

in the node other than the root node, wupon detection

of atherdbull €o fidid fadlure iarpemsichba tﬁla@?@iﬁiﬁl ¥he keep
prevent fromthe | oop generation not only at the
siabieefaipgnad buanamiotet Fhemmihki nbdel U3 The failure

- occurrence. 10

detector 109A of the node 11 releases the port blocking signal
transmitted to the frame blocking unit 110.

The failure detector 109A of the node 14 returns to
be able to receive the keep alive frames through the port
143aﬁ:theintervalsshorterthanthepredeterminedintervals,
therefore, detects the failure recovery of the 1link 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 under the situatioh of the failure occurring,
to the failure information (flag) within the keep alive signal
transmitted toward the node 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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[ Third Enbodi nment] Hereinafter, a third enbodi nent of
the invention will be described in detail with
reference to the drawi ngs. Ix,_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 hef dbki fiatilatebyetbeetEFE§O2wAdni €hélSESilure detector 109A
characteristically. Wth reference to Fig. 16, the

t hidedeerisodihsentthef tr2@ itdfe thw eritvwsrkt S didd fANtstable,
fromthe above enbodinents in that the network 1 of

t h@ccorskingineo dheefrilure hechbivgerynotsi deofren tHayt tée manager
RPR and that the nodes 11 to 14 are respectively

re|?:|°§ce&L i fﬁlﬂ-%emﬁt@@mat 1093 obdeke mMRle d4aRtifies the

% bl o dla%ran1shOMAng the structure of
ﬂPﬁ‘ idds fth f Rigk fgilpgeribgtwepn tthe node 13 and the
%d%uagt n|t 100U of the node _ 11R receives the

sef BPULEFBNECRE VSRS ATCOREiBE o0 s fedluze

ﬁg%‘ééeﬁﬁﬁ%‘”*%& L ‘tﬂ%k%'gggbl% %aaég?rﬁnamtted
reEHhBrdOEhélhodEhfg %Bﬁ }éieggeél %npzé ?}8@ signal

the tree manager managi ng R

of t+ARsAXt 86U RYlVBf kma @Ioél@frx% %rlll{f § élge&f‘?l&fﬁ 1% node.

based on the setting results

transfer unhé fhiimendorkRiy Lhawe1t0288f &le rﬂﬂé 1140§Bleases
are set; and based on the setting results of (5)

( 6¥he thibock trg nehader pbe4 and andTthé Theet Tp:lew\h%)n the port

manager 108R are also set. 10 (1) whether each port

bePbpgking signakttwanisnd tared by thet f@f kuPe detector 109A is
released, so to enable the passage of the frame between the
respective ports 141 and 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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(2) the node I D of a destination node (a nei ghbor node
connected to both the network 1 and the network 2) in
the case of transmtting thgsBPDU frames for
configuration of 15 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 theenodé bf faresr addedatot tige dastlcrk Al hyr£ir20, (Be network
the ports to which the node set in (2) is connected

and ¥6)1theve dsernfstdbd eporandattieni, nkhansot te @f itld metwork
of the nodes, defined in the | EEEB02. 1D or the

| EBEBDd. the Setwerkhd wadd benppesed.with the sane
reference 25 nunber attached as the first enbodi nent

has the i d@hﬂﬁcaﬁt ther gecaveryntimpafathendogbiadgailure, it
first enmbod only a difference point will be

ei8 PEROLBLS oop Becth & hepRetaE ErhSh cHhermetimgR? and
i h 1
pe%%é%”%%%?lﬁcﬁu?%ﬁﬁn PR RethPrk SRy kDR ADGTendadiggant
a:‘gg%a(gﬁ{lfgg dﬂleéﬁégg%uaél f;rfbér? gggg]qe({%gepﬁrtaﬁé_on 0Lyt this
t apl e 100 Fhcd QeaLJHE rfJoq:"'%]od'épPE I:ﬁe 1%1{:]@:?.'0& a%?ﬂ Rork does

116, settlng the initial value o

t ragef ehangs, t e e PoKt h
114 descriggd ?netﬁ§e§agigng?§§R9§ ca%gfﬁPﬁgng ggppﬁg

a fmeeertptibe, ponttld 3sftYway h8€bepotrt Lhd erﬁrrence of
when the frane is supplied fromthe virtual port 116,
i nthdnef ghbereherke atréeasdndhgupbdt A6 desékiati 88 the above

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 acgording 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 di,viding 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, £he 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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MAC address, the destination RPR node, and the output
destination port is mssing in the table, 15 (3)
transferring a frame only tagishe virtual port 116

when the frane is supplied fromthe port on the side

of the network 1, namely fromthe port 113 or the

port 114, in the case where at |east one of the
destinati on MAC address, the destination RPR node,

anétops chepobtdeski BahboRapRlly £6enlfnndh SSlscke Ididtdiht from
tabl e, (4) checking the destination RPR address of a

fr &ke faigure! coouhs ngoostitd cor. tIE sp@ntbdldlidiend)ehowever,
the destination RPR address is this node (node 11),

delCéPi F§Stra CiRPrrhige £obdil urgn d fiffemrtsiingy rAneR the d maneintum by
the,virtual port 116, 25 (5) checking the destination
RPR1IYAGings the Sranpddy itwes intemeviesypolamairs or t he

port 114: pheg the destination RPR address is the

ot her nodef PhifeEne 2RA6QEYANT §Qpihei AgCOoBr embodimgns, by

h . [ .th ' h h whi ch h
ESUORSH U FRTEEL R 1Bl S MR A L e,
d ' N RPR .
s R A - P

i n@éﬁl}ifl.éﬁgl rﬁr@\%ﬁt%Hﬁ’trég;gobﬁﬁﬁéég:%it@gnt ﬁgk Bcgr}]ty at the

port 3, the frame having n rom-t
114in§6d £heTki-aobhiReatgst hﬂathentEBiQQQ&%%EPfo\%Eg%rence.

frame input fromthe port 113 or the port 1
the destination RPR address is unclear, supplying the
frame through the sane 10 ring as the ring where the
frame has ErhimédEmsodithéatgously copying the sanme
frame, deleting the RPR header, and transferring it
to the viriergipaften @ tiind dinbodiiend o &hkramesviicon will
receiving a frame whose
be described in detail with reference to the drawings. In
the above first and second 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
thelnetwork:l 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 1l4R.
Fig. 17 is a block diagram showing the structure of
the node 11R in Fig. 16.
In Fig. 17, the configquration unit 100U of the node

11R receives the setting instructions as shown in the below
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source RPR node is this node fromthe port 113 or the

port 15 114, and (8) preventing froma failure

according to the wapping ngihod and the |ike, upon

receipt of the failure detection information fromthe
failure detector 109. The table 107R i ncl udes each

out put port 20 corresponding to each destinati on MAC
address, and each destination node ID and ring ID

degar) ked (i ,t e theeihgeiaRPRebeadg! . byubhigl RitdPoard, a
state, when the destination MAC is the bridgé group
address ( CELAETC2WED-410d Ab)ke LhRe.iBasde o5 RO 8btting result
address for BPDU, the unit 1058 specifies to transfer

25 afhél) s drhe portisel htljtacéht s eonaecteiicto tthd Beee manager
sanme network as this node (nanely the network 1 and
théoﬁeﬁﬂﬁrmaEﬁSlpﬁathei§Panhéngoﬂ98¢26ﬁ t68-existireg network

sane ggéi%§_the above, in the node 12R, the )
de&¥i R IRPR e, st esttathd Ofkii dpsest sup thiirasdsting results

setfa& t.he % de %1R; in the node 13R, the destination

RPRINGAL T dnethei @’%%Hn&d:dllgésalil‘é & BFRyframe transfer
14R: ' 14R, t destipati PR

nodit ToRR"Hrelsk?s, Snfl hrdcen e RLLIRG BRI o o)

13 [ T f t

{1 and! CEPCHERYe rilifa o 1091808 o MIERAAOT oy gL Ranager

RPRobrageet haRef getunit 105R and the frame supplied
fromthe RPR frame transfer unit 10 105R to the

failure deyegtvlietildr %%%W?bf‘g B dhes The N8 wor¥ 1 or the
di scards the frane and further rewi s the TTL field

at netherpa2sage of the frame. The port 113 is a port
for connecting the network 1, belonging to the node
11R In thi{2)alzododentD ofredestinbtion 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 samé 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.
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15 of the inner ring R201 and the input of the outer

ring RR02 are connected to the port 113. The port 114

is a port for connecting theggetwork 1, belonging to

the node 11R In this enbodi nent, the input of the

inner ring R2.01 and the out put of the outer ring R202

20 are connected to the port 114. Fig. 18 is a view

showi ng the structural exanple of the table 107R in

Fig. 17. Thhedgreri fiahinan tRBRsFede wHA C1RoeaN 'x%r%e the

of the nodes 11Rto 14R, which is near to the nod

hafiodd owiegMaPerah iatdr @z i ndicated in the

destination MAC 1071. Usually, the node that becones

the root néde addimy thweRPR heatlee Enxebpding afhdidg@stination
since the node 11R and the node 13R becone the

o8P R; Bogen addsesshende thenatingn IRPRorodeeat ifyrinde an inner

bel ongi the network 2 is set at the node 11R and

thElB‘g ?%t%rﬁlﬁmt%aénaf R30Redehbehoane psaribed in the

by LEREE 407 BeEpeEhei ESaﬁ%??neé@Rérgﬂ%igfa'fn§£§w'yiﬁgtert 116,
[ Pk ERd S SRR e dle el e FroabeterR by the
| na58€e915’8th% E%o?i tt\h/@’ %gihhﬁ%r egr ;sented t}s cable

the Inner
deietg 10 |nstruct|on is set inthis field, the node
del etes the RPR header attached to the i nput frane.
Wien the i (ppteheadRirrid bUgBEmBO. S8R BolrRS
a new RPR header is addrgf there. Fig. goig gig or the
di pgrani shomi by wihen stheCtvameof s éﬁpbhﬁeaTﬁrﬂﬁnéﬁgrv1rtua1

- 108R in Fig. 17.

port 116, in the case where at least one of the destination
MAC address, the destination RPR node, and the output
destination poft 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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A TTL checker 1081R confirns the TTL field of a frane
supplied froma TTL controller 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
frame to the port 113 through 20 the failure detector
109. The TTL checker 1082R confirns the TTL field of a
frame supplied fromthe TTL controller 1084R when the
TTlthey dinsmd ThrdugdHeeSfamd tr ¢ G dsd Hﬁrfgr HWrough which
whil e when the TTL value is "1" and nore, it
t r dibef Eramehbabr aneitvedy, han@ofbre Qéi)éd-ﬂfitd'ﬁflléigﬁ thhsferring
failure detector 109. The TTL controller 108
pettioithe pastslbts dthe diranfe whoseTdbstahH€isAtRPR dd@ress is
frame received fromthe RPR frame -70- transfer unit
1om%¥dtbﬁan§hé$ shede dndnthich thee HEenchepuerfrom the port

aﬁs TTL controller 1084R perforns the

ac?P ntAnSerer ing ttthe Bertiklihsher fneme having been

rec dfromthe RPR franme 5 transfer unit 105R and
t ré"%' bE, £2PRs theaRe Tt Iife TTL. checker 1082R Fig. 20

is a block Sho anot her, structu exa
of the TTL(E’Z%Q?;Q gheﬁd A naElORRER "BRE trame

i o oy S
" ORPRANEUAESSs ilst uﬁbﬁ@ékdssﬁﬁﬁl%%%g}“’gk%ﬁe%Po Qﬁothe same

TTL value is "1" and nore

t heiRBRs fh@Teih§ ansdes heg kG
1083§Ecngirnsltge TTL ;?g%grégégha%gﬁ?ﬁéﬁng%%ﬁﬁltgneously

froqpyhngTEhecsaméOfk&meloaéﬁetWBgnthEeRfﬁLheﬁab%e'd%d

- "0" and less, it discards the frane, while when t

transferrlng 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 port
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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TTL value is "1" and nore, it transfers the frane to
the RPR frane transfer unit 1058. The TTL controller
10838 perfornms the subtractigg_of 20 the TTL val ue
set in the frame received fromthe port 113 through
the failure detector 109 and transfers the frane to
the TTL checker 1081R The TTL controller 1084R
perfornms the subtraction of the TTL value set in the

frame receilwedhier samch@agont A4 aBEvelr 9HObhé NEode 12R, the
failure detector 109 and transfers the frane to the
TTIdesHdekaLonOFER nofde- off OpheabihdgExgaphp dddfesdeis set at
Thi rd Enbodi nent: exanple of spanning tree
cor?ﬁ‘iegGPéﬁel dARGy lRPRheRFPRdeslasedtlﬁerdes’ometionrm}R node of
Eference to Fla the operation of 5
EgBFLHg St HECYBaR dﬁessrb@ get tate thet wode 24Bndandiein the

netﬁ%ﬁrsk%@e%%f 3é§€§%§%§%}3 X £PIS O bBa R drpuprddress
I d b detail. The _dest t RPR
CoRsLELE KO R 1ok Rl ef&lafﬁlgffns oot ] nat on
t th f .
T A
fr gpbohhehe idildle %rttecl:%% 1898 ‘?hé %&Xrgrﬁ% Ef(lp €r unit

in the table 107R of each node wt e ne

namBby &8¢ Hweéeank sﬁﬁﬁlﬂ@gefﬁéﬁetth% RBR PPQﬁgltAi%nélér unit

Since the node 11R transnmits a franme

tr a0SRitd el Gatilarecivpeltdr ms; facfdaﬁc Q:S;etézﬁie PTL value,
specified as the destination RPR node address

BPOU diserrds rihesfrate bnel fodehd2Rreivkhosl PBENUIL field at
processed in the node 13R and
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 embodiment, 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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t he node 14R 20 Even in each node of the node 12R to
the node 14R, the BPDU frane is transferred, with the
node connected to the sanme npgtwork as the self-node,
specified as the destination. Fromthe viewoint of
the tree of the network 2, the 25 |ink between the
node 11R and the node 12R becones a branch of the tree
and fromthe viewpoint of the tree of the network 3,

t he-ddthkoldeisyeehet 86s PDALL ISR Bl A 318 A48 DECRSing to

-72- a branch of the tree, although this is not

deshei bettwomkF2gis skE aththéasdddatMmeand BRen@seriddt ion RPR
and the node 12R and the cost between the node 13R
an@iodigeofiodl nddiR terlengdspe tbi theynebwsek 3nr ketasd the node
the _cost between the node 11R and the node 21 and the
codtRnelfiiden firddndgeset Rprnthe haddoeles 2Pearming unit 106 or
respectively set larger than the cost between the node
13Ranygd l¥he node 14R  The node 11R is set as the root

node in thganetwork 1392 and the node 13R is set as

n

the root nod€ EABh&PndPiéRkContaing asime twaber ysed for
t . twork .2 and, the, t f th twork 3
52 SN PRI 8 oLy L 050N e 1o,
165 T i f fr.omth de 21
{ozn B PRBR 00 BLARSLAT BhBdyly L3S A repreieied as the

nogignet: RiagSkbbl kha Eh@”@u‘g’%ﬁ:hRﬁ?ﬁ ﬁ%@g@%&fa Aolete

the node 31 attached to _the Stina €ss,
t oingbeudedenliR se€Con s O d N ke fad Qﬁal%ic%‘%ortlﬁe RPR

2. Upon receipt of the frane whose destination
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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20 address is the node 31, fromthe node 21, the node
11R-wites a description that the output destination
port of the frame whose destj,nation MAC address is 21

"is the port 111, into the table 103, in collaboration

with the address learning unit, and further wites a
description that the output 25 destination port of the
frame whose destination MAC address is 21 is the

Vi iirals feef tnid G oshadt @ﬁaﬁ@?@;‘?s ]&%Rfrbﬁeatétt‘ﬁtee'rTL checker

where the | earning unit has not |earned -73- enough,
as l@glesult of the search, since there is no entry
for the MAC of the node 31 in the table 103 and the
table 107RhetTEL ottt rbiR expe08iRgsert fermieheasubtraction of
destination RPR address and the Quter ring R202 as
t h&hej AFL| valuvet hetr énethedf Bahe amsce tweld t froms iHes RER frame
same frane fromthe port 114 to the node 12R Upon
r edEPPELer unkt (105 anf trensfereahedEranadtd the THRchecker
g9§3 fromthe node 11R, the node 12R copies the
R"received fronmthe node 11R renoves the RPR

header, tes%ﬁz p jon that the destination
RPR addr es ésf"’} F b SPPHAPIoRRleer structural

d 1 to th bl, 07R furth
SRS, 4 el L EI

Che virtual a0 T gece kRt ot PR ?’é\ﬁfl%@%és%anﬁ?ﬁ 1$3d of a

tff?éméosﬁﬁ%méé&rff&ﬁ tf,lﬁé‘“ﬁ'ﬂ CdiE A S the TTL
port 122 ut the frame wll not ro :%ecause t hese

povatuaries cwtr ahl 16yst hee %&@H&ﬂﬂ; ©h@€frame, while when the
Si nul t aneously, the node 12R transfers the frane

r eteLvell e da t'ie andandddr, dit eclang fledrd l&ﬁen@ﬂlﬁme ¥R the RPR
20 Upon recei pt of the unclear destination RPR
adfirame, transfer unit 105R.

The TTL checker 1082R confirms the TTL field of a
rframe 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 perfbrms 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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fromthe node 12R, the node 14R copies the frane
received fromthe node 12R, renpves the RPR header,
wites a description that thg,destination RPR address
of the frane whose destination MAC address is 21 is
11R, into the table 25 107R, further wites a
description that the output destination port of the
frame whose destination MAC address is 21 is the

virtual popbpététibnl®xihierd adeth0%narHb6A: méft : example
tries to transfer the frame to the port 141 and the

porif BpAnnilgt tirke foodTE giddtirel Uy ®WROqeausa d heril for
ports are cut off by the spanning tree.

Si genngnsdosl)y, the node 14R transfers the frane

received fromthe node 12R directly to the node 5

13R  Upon Wéthi peferenpe tocFégr. dést thet operBRRon of
address, fromthe node 14R the node 13R copies the

f r §RBLAGREL DL NS EpRPNAaINERe 1aRthe ortwerk h@ndPehe network
header, wites a description that the destination RPR

addr 884 FaRsterring a fyapp deape shenaeden2 Wi dithip apde 31,

[ .S:11 [ h bl 107R . f h [ )
B O S B DB e

fr§ﬂed $ destination MAC address is 21 is the
virtua go?f 116, into the table 103, and then tries

to tranSfefhéh&ééﬁfﬂgfiggﬁgﬁgfgﬁﬁrégé a@Hetpfnﬁa?bfﬁéad the

15 through the virtua e sel f -"node;

fr 8GEph € ddsidnFIePoPR dh ERe ldis PBE irebdh PEEGUSE Al whose
port 132 is cut off by the spanning tree.

Si detthneoloh WMAd badiede 13Rhd MR §rolipg 4ddPEss from the
received fromthe node 14R directly to the node 11R

20vithalghothel hodeatdRorecebuetyt Betf banRanll tRethe table

uncl ear destination RPR address fromthe node 13R

si he¢ &R tdfe 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 14R.

Even in each node of the hode 12R to the node 14R,.
the BPDU frame is transferred, with the node connected to
the same network as the self-hode, 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 node 14R becomes
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source RPR node address of the frane is the self-node,
it discards the frame. The node 31 receives the frane
whose destination MAC 25 addpess agrees with the MAC
address of the self-node, from the node 13R In the

above way, the frane is transferred fromthe -75- node
21 to the node 31. [Operation Exanple 2 in the Third

Enbodi nent: exanple of spanning tree configuration by

RPR bRERchSotise teee) §0BABGHHOMIs W ho'i:eélééé‘f@ﬁe&o.m Fig.
Fig. 16, the operation of transferring a frame from

thd6node 31 to the node 21, in the case where the MAC
address of the node 21 is learned by the node 11R to
t he node 1TReandstheetwden3ihe resdd t1IR) fndmidackd® 12R and
frane transfer fromthe node 21 to the node 31, wll

beth em‘feb@tyea@stm pedeik3Riendithe pedeidRigre sespectively
thir n&g nment. The node 31 retrieves the MAC

ad8PEsS™3 thénﬁoaéezfosasbﬁtweﬁn themnpde 24 @ntoghe node

As the output 15 destinat t
o B3c8Tioche Ehat uPPRiseshe aede L1k, Pk fel norle 22 axe

2aaERECrLOELY BLE PG5S T B ironbatnges, £ node 138
th [ t r and the port of the input source
in?%dtﬂgét%%?g f%%3 20 The transfer unit 105R within

the node 3dhd giddEvak ltshg#\&a% e:r.st?‘o'@f dd¢ 19048 e2 ke twork

as a key fromthe table 1 AS a TesultC Sitice the
OUR partd detsé | modé OD3ROLE PELVES £Hebfoo£h§oﬂerin3%ﬂe network

(the port to which the node 13R is connected),
3, and assume that the tree of the 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 frame 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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it transfers the frame to the port 311. _

Si mul t aneously, the 25 address |learning unit 106

wites the MAC address of thesnode 31 that is the MAC
address of the input source and the virtual port 116

that is the port of the input source, into the table

-76- 107R. Upon receipt of the franme fromthe port

131, the transfer unit 101 within the node 13R

r eemioangls tase aMk€sudddogsehef séhechpdeirde aSh@r&eys no entry
fromthe table 103. As a result, 5 since the output
dedoimahieoMAsoraf drhey @odeo He irheche ritatdle 0@ tarldlG&he table
it transfers the frane to the virtual port 116.

Si hi7Randdies npde Hd Raddvessis lesartlingingiicar Gestrirtagsion  RPR
thepgéc address of the node 31 that is the MAC

ad@FELessr ap Ehe,Quser winp RRO2pastthSTingalD to the received
port _of the . input spurce, into 10 the table 103. The

RPE PG e DGR L (CPEOSRNG FRARST REOMdde BIRE 114 to the
regelues Ehe frame whose destination MACis 21

t hrough F € virtual port 116 and retrieves the MAC

dd f : he_ t apl Q7R., .
Asa ;ef:sal Pbggl ﬁ%‘g&f%%%fgé lags{)?gn% irogrr&ﬁﬁeﬁng’ aZ%!]giestlnatlon
r t ity gAt t .
Wlp' tnﬁﬂtsehde@%%ﬁsé' ﬁg&ggtﬁeéﬁ%g 15@’3%?%2‘?‘?%% 1%3@%%?2%? frame

angletefnetief sohhehé 'id@e 1K Nerdibded 3he RPR header, writes
Si mul t aneously, the address learning unit 106 wites

t he déderbotiesstindt Whe dedeidhtiilbyl RPR 4H8rdE of the frame
address of the source 20 and the virtual port 116 that

i swhbsepdestbhiathenimbhtaddrsse, isit aid HaR,aldecl@REB table

Upon recei pt of the frame whose destination RPR

adlPEBs further wrikeshe gestripdiophéhBPRtheacatput

transfer wunit 105R within the node 11R del etes the

RPEEFELRatigBdeeRk 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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25 the frame can be judged to be destined for the

self-node, and transfers the sane frane to the

virtual port 116. Sinultanegysly, the address

| earning unit 106 wites the MAC -77- address of the

node 31 that is the MAC address of the input source,

the node 13R that is the RPR node of the input source,

and the port 113 that is the port of the input source,

| nttridsheot @ldis #4)7 the EpaRer€5iHY pettt 181 faMenvhase: 142,
destination MAC address is 21, fromthe virtual port

116utt keet faanéerilhidot QA bwibekiamsehenhagdepddfs are cut off
retrieves the table 103 and then transfers the sane

f r yethe spgeaupiorg tiéé. Simultaneocusly, tHdacdddisssransfers
l earning unit 102 wites the MAC address of the 10
nodbe3fremgt rieseinedviConddhes nodle (1RR simectlyndot kbe node
virtual port 116 that is the port of the input

sodP®, into the table 103. The node 21 receives the

frame trangsm tted by the node 31 through the port 111

of the nodHBPPRRCORIBAs Ofethe scd easodestanptans RER address,

ST R S T
i ' d ' , 20 . i th

aceoon ek Holte iR, CREROUER. cpg BRR, beabakonk HigPe 2

Cowkbfﬂbﬁgoﬁnghéﬁcﬁ{lg' agsﬂintalﬂ?toﬂ.uﬁgﬁr a%gkgl.@,t o?ggg% frame

accommpdated in a network IS nore i ncrease

,t h@hbeaoREst LABL On OBt | Suifeddes SPANNING 1],88ntePth@ table

the embodi ment, however, by dividing the spanning
tre@7Rpt bueyRey wWofBes, ai Heb&rppesobhl ehhe $her barpllke

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 framé received from the node 14R directly to
the node 11R.

Although the node 11R receives the frame of the
unclear destination RPR address fronlthé 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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configuration tine of the spanning tree. -78- \Wen
changing the configuration of the spanning tree ow ng
to a failure, the conventiongk_technique changes the
configuration gradually while stopping one of the
network locally, and, in order to reconfigure the
whol e network, it 5 stops the network tenporarily even
in a place distant from the failure occurring

posicdeon2.1 T $hbR@aeit, however, can restrict the

failure affecting area to a mininmum by dividing the

spanning tree into every domain. 10 [Fourth

Enbodi nent] Hereinafter, a fourth enbodi nent of the

i nvention [@Gpklrabéodecmigies2iim tké &iHirt EMboeigeRbE@xample

to the drawings. Wth reference to Fig. 21, the

f o@ft RPeRpdaEmmeeofconfligurardon by RPRJi(RO® dt fseamEor

t he above-nentioned 15 enbodinents in that the network

1- FRUBEGLLIPNYdcording to the first enbodinent is

formed by two nodes; a node 51 and a node 52. Fig. 22

is a bl ockWHFRGFEAPERBAPNGCt BETst LBet the eperakionoas
entif unit 100

51, i 21. 20.Th DU | i

et FPRESERERsof IEtiy TP ae BoRd o teLphe Bode 21, in the
t ' i ved f t he t f i
SO0 WP ARl LD ARSe P00 Hoattid by ene
e y 1 . T il .

caohe B¢ e 0s%edg 108IAd o3 pdeLIE LB spon eno
tr epai@Nessns 404 Xc 20 £haNab8E" h09¢bt the hBRePSM! will be

51§6nc;§Lely described in detail, according to the third
embodiment.

The node 31 retrieves 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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(3) attaching the identifier indicating that it is the

input fromthe tree nmanager 104Y, to the frane

received fromthe tree managgr 104Y and transferring

it to the port 512, 5 (4) checking the franme received
fromthe port 512 and when the identifier indicating

that it is the input fromthe tree nmanager 104X is
attached to the sane frame, deleting the sane

I daorf.i er and transferring it to the tree manager

104X, 10 (5) checking the frame received fromthe port

512 and whpont kecedent bfi ehei Adiamat Frrgm kak porits 1B1e the
input fromthe tree manager 104Y is attached to the
safsansife, udditetliodg witthdns &ive nedelet ilfBiRereand.eves the MAC
transferring it to the tree manger 104Y, and 15 (6)
chéé@i’fﬁgstq?‘gthﬁalmﬁ! adeiwy adkdy SenHehe 6eble1R0Ainds a result,
when there is no identifier attached by the BPDU i

i dEAPFRYFRG OuRPRt 1905 tinakkeR POTy BROYRS thfe he hef wirtual
unit 10 irectly. The tre nager 104X has the

{ oPPEfi KLt e -EARACEFONEReT LraBo( £ Shon vracard poFt 116.
a P and.the .BPDU jd i fyi

o PG OBUR 37 PONS, st B 1Py Brornd § et e e the mac
10dq8Ffe &t SSANHd Sdde 3FCOLLM p.% tt?.et ﬂﬁc%’&&ﬂ{egg of 3% source
protocol, (2) upon receipt of a tTranme fromthe

tr f f \ - e '
ranalete i 13 Ml ST0RLoboLent hd IR Qckle, dnto

di skar€lawpei 103ccording to the spanning tree

protocol, and -80- (3) transmtting and receiving the

BPDU framerH®RPR frame transfer unit 105R within the node 13R
receives the 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.

Upon 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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.controlling the spanning tree. A tree manager 104Y is

a tree manager perform ng the sane operation as the
tree manager 104X in this enbgdinment. 5 Fig. 23 is a
bl ock diagram showi ng the structure of the BPDU
identifying unit 100 in Fig. 22. A classifying unit
1001 checks the identifier of the franme received from
the port 512 and transfers it to an identifier

deleeldreg sunift th@0Bodan3i daidd fierierdebatl Beapakl 4P the input
1005, or the transfer unit 101. Further, it transfers

t heouncanetheasdesd 3Rr tinatari s dR8tRER ﬁbderﬁﬁﬂ:wenﬂnpl@t tsource,
1002, an identifier inserting unit 1004, or the

t r &Mk heyuppr t1013 that tie gher port2oft thepimpet source, into
tim ng. UBuaIIy, only the BPDU frane is transferred

t o the tiadd®t iG%er del eing units 1003 15 and 1005 and

the other frame is transferred to the transfer unit
101. The i HBRPi FRER1Pkseft the dramel whpss: desrdaation MAC
is the input fromthe

d f h
L B RERGEr 2102 O PRI PEESI DOhr (Pep GRS or unit
t 1 f t

C{EQ%W’@.@%‘SBU@F e 1%, 2eTa3a0E ol g Ogniana then
10 h h

oCa o FobEn g nE BESNEy ?83*31%??%%653lénﬁseﬁ‘iﬁ?fagﬁsumr

thﬁhéréﬂﬁré@stiéhfﬁfﬁ?12???9%@ %9&% ZéhgnﬁAéchHféééﬂbf the

inserting unit 1004 es the genti

| nlodat3 N hiafal si thé A 8alRREE &f qmet B%u%%ean&'ad}?él %&rtual
104Y, to the frane received fromthe tree nmanager

anplott aiisf ehmti Lstithé bore 85stheyiRputsbute]. méraeche table
identifier deleting unit 1005 deletes the identifier
at1@8hed to the frane received fromthe
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]

Theeffectsofthethirdembodimentwillbedescribed,
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.
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~classifying unit 1001 and transfers the frame to the

tree 5 nmanager 104Y. [Qperation Exanple of the Fourth
Enbodi ment: exanple of spannjgng tree configuration]

This time, with reference to Fig. 21, 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
becormes t h@heackhadltng Mid ko€ 16aPateba! Ve @ﬁ%céfigﬁﬁing tree
in detail, according to the fourth enbodinent. 15 In

a modsdgotlooagfagliive} heh8etdRvdnLiohdE S Qe dHHges the
of the network 2 is configured by using the tree

ma s guredX onT ige aBBR iy arte. e ansipptined dneodf Rthe network
tree manager 104X of the node 51 does not have the
spe@callydepnds i ¥ eudeir Hed reconfigurasthefwhole network, it

transm ssion throu%h the port 511 toward the 20 node

215t@ps Ehpr nahyorRetewpararidy aveached blmiieatistpnt from

th%& it hﬁs been transferred fromthe tree manager
10XRe failuge egeuTEing, AvsHtdoron ThisoegRodi&ssdnt however,

51 the node. 52. When the identifier-attached

PbeP Farer 10 PRENERRINER PEaRSHAEdoRESES & Taum by
| ived. h t 522 of the.node 52,

T Sey3hapkt RS FkBlipB) ke AR¥o PRRETCAPRS (he

tree manager 104X within the node 52. 82  The tree
manager 104X of the node 52 exchanges the

i dentifier ppbhAchetnBEPUntr@fes W th the node 51 and

exchanges the BPDU frames wi thout identifier with the
node 21. BeX¢ifdifset|n®, folirtheehboliRehvesr the Ra¢8ntion

51 and the

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 forméd by two nodes'; a 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 identifier 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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node 52 or in their ports, the cost is set smaller

than any other port and link, so that the link

bet ween the node 51 and the-gode 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 spappingtththengl thBCiBAVREKed 15 fOM I QYT &tht it is
by using the tree manager 104Y. The BPDU frane

tr dibenihpad fromthe dree mawaaee’ 1004 46 Ohe tiiamdRceived
51 does not have the special identifier attached in

t héromsghef treansanageonl0 by oagd tivenpfsitr i3 i©wes the port
the node 31, while it has the identifier attached,

i n@léating that it has been transferred fromthe tree
manager 104Y, in the case of transm ssion through the

port 512 t bbhrdhadieinmibe Prame regedivechérom the port 512 and
identifier-attached BPDU frame, transmtted fromthe
poPt*¢B1 1B §pdicatiggethal ipyis khepbpput £rom the

o SHBB FFH8ER shAS, ACEHERLBR 25T bR oS okfeting

nogdg nanages ,104Y .of _the node 5
exchgﬁggaerggpﬁlgtdﬁﬁel%%?lé{ 123 ngﬁgalgﬁwgf?%ré? WiHaf manager
t hegpgde 51 and -83- exchanges the BPDU franes w thout
identifier with the node 31. At this time, in the

l'i nk bet wees) thecxads @ﬁe@{lﬁaﬂ@%gc@@q@d Gth tHé bggﬂs 12 and

ports, the cost is set smaller than any ot her
amshén rthe ddehhdlf ieieihiiikabehyeenat ie A0eheLi ANtk tf1m the

node 52 can al ways becone a branch of the tree.
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
Vtransfer'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 protocol, and
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When the BPDU frane exchange has been conpl eted anong
the node 51, the node 52, and the node 31, the tree
shown Dby the heavy line in Eig. 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, the tree manager
104Y l ook like one |ink always adjacent between the

nodes 51 angd)5ZraYBeR tkhe qSRAMNIRGdiNESY e BIDU frame for

network 2 and the 15 network 3 have beén conplete
accondirod 1ing hheakPadinioRetAdeONs, the topol ogy of

the network converges into a shape capable of

prevent i ngAf toee Incoma gEnanatyi 98.a YieecanhbgergiéOforming the
exanpl e of the conpleted tree is shown by the heavy

| i Bémenopegaton & ndee tired neaaz@rcd0fkgim ath ion exbodiment .
in Fig. 21 varies according to the paranmeter, it

doesn't al fags Bécha beckr déagoafi ghowingnthe mbwudture of
Fi 21. in.the network of the physical topology of
FighEZEPDVhéd§§ﬁéf§&FE'PP&#91Q§ tile Fisiral22net wor k nay

flow on this tree, 1herehy rformng the frane, .
Lransfor. B ERRH AT G ol 0 AEHGRIS Sieni ABnEA Sher of the

nofEid s tBThES FadhShi, BERE by Y gnk HRpsgRt iF'to an
neninG P28t EPEGLA MEE FORT AT ST dRlRting unie

Embods mest] the TheaREEEE Gnot 16E.ephodhERNt 1 kL ngfrs the

e nt
described, next. H therto, according as the shaSe

 theramporegyibeaoresnnBhei d6ATRkE 62t ¢dsandihBeun¥®Peb02, an

of the nodes acconmmobdated into
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 tree

~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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a network is nore increased, it takes the longer tine
to 10 configure the spanning tree. In the enbodi nent,
however, by dividing the qugTLng tree into every
domain, it is possible to shoiften the configuration
time of the spanning tree. Wen changing the
configuration of the spanning tree 15 owing to a
failure, the conventional techni que changes the

conbiguidld QRaHs3dvadl by Wai E%é&%@ﬁ%gﬁ?l% Qlfnitt?ﬁéml.

network locally, and, in order to rec I"gur e

whol e net wehl, ibbnt$E9Rs HBEeRehWOLKikEABOEAHEL ¥18%ERhe
in a place distant from the failure occurring

posdentni fiE ateabhdidment thkowewale rdelaRd 3ok ¢he

the failure affecting area to a mninum by dividing

t helgpsidiyigot neéti 100 lenady tdamsifers| Ehiet Brame to the tree
Enbodi nent] Hereinafter, a fifth enbodi nent of the

i nl@pager WOKN. 25 be described in detail with

reference to the drawi ngs. The invention can be also
applied to the network described in the article 3.

Bef ore des éibin .its applicatigon -85- to the network,

the frane f BREFEFOR Fxap Leephidrhe fprrthEmhadiggegexample
by giying an exanple ip.Fig., 24. In the network
de%%r¥B%gn%ﬂgF%ﬁgBZﬁ?nfﬁgugﬁFéPBﬂce marks 11G to 14G

21G 222G m3; 26,.S t he nodes, and termnals A_ ..
and B are %ﬁ%égﬁéc’igégy g%ﬁ%é??@& ESSTH%'ﬁHUeghflﬂperatlon

ange %&fi&ul PRqCoRE %aﬁﬂfnﬁra‘?gge.t Eﬁngﬂgsﬁ{ag\g?%f:ogl and the

the termhnal Ato the.term in the ne

fietworRes 46d NiilsAodraeH 1S dnd '8 \M#@ nbld® MiCeo the

address pf the termnal Binserted into the
dasdda @l oanMke alifeethele the ddidGdepddémésddte root node,

node). Upon receipt of the frame, the 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 it has been transferred from the treé 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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21Ginserts the node ID of the node 31G acconmodati ng

the termnal B, into the tag region of this frane and
transfers this frame to theggode 31G al ong the path

on the spanning tree. 15 In order to do this transfer
processi ng, each node transmts the frane to. the
correspondi ng port while referring to the forwarding

table (a table in which the relationship between each

desti nati orheotdeeblmandgeacho2rr 6 £spddiddl [BY lexchanges the
nunber is defined) belonging to each node. When this

f r Aol fieriass aaxhedhBPIWNE 2TEs Wikhnate Jdedstleciml

that the destination node IDwitten in the tag is

t hie¥chgagesathehBEDUt f names hel tivolet 3identitier ticcVABGe node
address described in the destination MAC address of
th'é‘frane, confirnms that the destination is the

term nal B d, transmts the franme to 25 the port 310

to which tAb TRHSitiEe Binsthe ek BatveRnHHe nege,bli@nd the
of Fi.g.-24, a frane can _he transferred between the

tePﬁF%a g W %ﬁﬁliQQﬁ%SS ﬁ%&cEBﬁFe?s-%ﬁﬁ sfifcl ke than any

r eeitﬂefhségﬁbﬁﬁi{ggﬂﬁhﬂde b %h%%%gg o ohn ?g %;égn the node 51

(Virtual in {hé case

exafbl €he hB&eEEHCERA! 2N {AYE- pbbohd @ EQaR%%Siggll%lhfeﬁ tree.

provide with an expansion’tag storing area 2

a frane shanen itheMBBDU Xrite 8R6hhha0H£& bhbE cfdx@é‘};eiﬁ% among

with the node IDinserted into this area. Even’l

catkeohodsi By, { tRe Vhode! BY, r 00BN H8de 21¢ €HBNtiBe shown
the case of using the expansion tag storing area 2301

asbyghthe hea¥yglina, irafhgnode dencdaregored.the

destination based on the information witten into the

next 10 r el on nayle e l'gupiree HEhad de¢soirkr 8gi ¢he28panning

in the frame. As described in the first to the fourth

enbbe® mihthe network 3 is confiqured 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 has 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,
transmitted 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-attdached BPDU frames with the node 51 and
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the followi ng formcan be adopted, besides the form of.
configuring one spanning tree as for one network.

Nanely, it is the formof cgeating the spanning

trees, having the 15 respective nodes as the root

nodes, for the same nunber (nultiphase) as the nunber

of the nodes. In the latter form the frame transfer

is perforned along the path on the spanning tree with

t hexgbaagesc bhrpBRDUNGrames dest hoat i Ddetiet fiaalwitds the node
the root. Thus, the frame transfer on the shortest

paﬁH-ZO is possible by transferring the frame by using

‘vari ous 2ganning trees different for every
t Hikes

desti nat i iy ABrthe dinkobetyaenrighe mede 51 and the

GcB0RPLEA Y1 Gy S Th oL BPSF) 46 3¢ SmAljer, than any
i.g. 124, in the fifth di t f. th
| noShBRoRobEnahfoadnts Py FRetnbug S3nknbRGgeer ghe Hode 51
h ' di ivel | d wth
T A R o O
P ation, are L

the links for the client term nal “accomo

respechodel y1pddrd hedkhe2nodgg A& nbhe Bede+RGirbBeshown
node 31G and the node 32G differently 5 fromthe

ably et e nhé avedl enbodhmenys. 2Thesnedarlderdags not
determ ne the output destination port by |earning the

MAC addr efcduding ttathe abage bpewatdong ,f thé tdgahifitlg tree
determ ning the output destination port with

r 9B rtdyecaetvorke2 nowmaly i hhertozke managky: LHdX, agndrde tree
of the frame as the edge node, differently from the

nodk Bhe Rewerk 13 anpamady ot ke tresi mgsagen 1AdYclheek like

of conf] uriﬂg the nul ti phase spanning tree, the tree
nﬁﬂﬁﬁ i 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
0pérations » the topology of the network converges into a shape
capable of preventing froﬁ 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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is adopted to cope wth the nmultiphase, which is also
different fromthe above nentioned enbodi nents. 15 The

node 21G does not deternine_%ﬁg out put destination

port by learning the MAC address, but it perforns the

tag forwarding for determ ning the output destination

port with reference to the node ID inserted into the

tag area of the franme, differently fromthe node 21

i n g ; t ' I 29 ibPl

2 Qo e, SPaRH iR Chodt DR R T Hidud HAATEAEY need no
af splediRgeiode?@tlig node 1D indicating the

destination node into the tag area of the frane

received fromthe termnal, and deleting the tag from

the tag-attached frame destined for the term na

flowi ng wi {BEfiethe bét whek Fodrth Embedifentdl0 is a

port to which the |link connecting the term na

accommodat Bdebpffhretrsodé 2b6 embodinentedrilnbe de&8cribed,
one term nal may be connected there or a plurality of

t ePR¥fal s may be connected there through a hub and the

like.. The port 220, the port 310, and the port 320 are
 nETEBGFER. rasic BRrEhe (R ane B cilie, EopBL AU dacomes more

SCRBATESRLER, Sol thE pHRBESh SR e Sorapr i neo

SRR eSO R B LA Repda e me co

steoRFEPar e Ong0 pRanEnl BT n Fg. 24, The transfer

" the tabl s Toaa o R R kB f ALy L4 ERG LR fpanning

¥ ?gfr:enﬂntb eePbhgr dofigihl, f i €alkORoRf 8N BRLbOBKhSRteRe 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 place distant from
the failure occurring position. This embodiment, however,
can restrict the failure affecting area to a minimum by

dividing the spanning tree into every domain.

[Fifth Embodiment]

Hereinafter, a fifth embodiment of the inventionwill
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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received fromthe nultiphase tree manager 104G The 15
description of this enbodinent will be hereafter nade

in the case of using the node IDinserted into the

tag area as the identification information. The table

103G is a table where each output port correspondi ng

to each identification tag (node ID) attached 20 to

the frames is described. Witing into the table is
PerboRHRd nbxybif, Mihk! RhaRR Wit dFRIAGS HUGAlbANG111 be
informati on described in the table Is read out by the

tr destetibednbly §8¥EngThe @Hdnikase Fige PANager +H¥Getwork
performs the 25 follow ng operations of: (1)

| déesiciibed wherbgt 28p theneefésehyehd¥iniie tpade, 21G,
111, the port 112, or the virtual port 116 is a

codifoel 31g9 anfir 32@ skabdweth8Phbiés amed usamnifmild e and B are
spanning tree configuration defined by | EEE 802. 1D or

| EEESBOgtiVelyheannertied hot thiee nBERY Rismend 31G.
transferring the input frane directly to the transfer

unit 101G Idhthe omed of thet AsappDbransmiseion from the

performn he processi ng necessary for the spanning
{1 ESPBURRR oA P TOHE A Reb] Bt tofthen PesOwE | PmE Lrst, the

2 EL [ h bl 03G h h

2L PP E AR TR0 g o e

t i . ' he t f 10

B S SR e o o

thﬁodé!ﬁi@ateﬁgétn&&@) aﬁgoﬁ4}eegﬁéer?Enghéhfrgﬂgvethe node
1)7to (2) for | ag

operati ons every 1 den fircation

- (npte ifdents achednble caphokr afB: noéefsféage&gmmodating the

creating 4096 kinds of spanning trees when th
terminal B, into the tag region of this frame and transfers

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
to 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 ﬁode 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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15 nunber of the identification tags (the nunber of

the nodes) is 4096. The transfer unit 105G transfers

the frame to the port descrigged in the table 107G

with reference to the header, tag, and the other
identification information of the frame 20 received
fromthe nulti phase tree manager 108G or the virtual

port 116. The table 107G is a table where each out put

port corr@bpdryj nggtondasie mdenindlwds the Fégidnedethe VLAN
ID) attached to each franme is described. Witing into

t hé Viigsnali BARY 4 fior rhe bgsehehand & fhame ispefor example,
manager 108G and the information described in the

t abP& Ethpragtoframg. kb ifanbserposmihle 08Gpradfide with an
The nultighase tree manager 108G perforns the

f oPFBRAPAYCBpERY: $BAE1RY: a¥ed 23@htlike my Supmenahavre in Fig.

AT B A et B AL s
FEERRYYE AL 8B 240 SRS Pl B 895 25580 205,

t f f
urméit?é éi%%ﬂe‘, riglv\%lf'l@ & oif 'ﬁ@ﬁnflthgg égﬁé‘geté oring area

pez 01 Na80shd@n i?ﬁOﬁféﬁ 8q, HESSﬁSF}BM?f Qﬁnt Hgté%?ﬂb”%he

tree configuration 10 upon recel pt o ove frane,
(2destinetion Basddor alle iM¥deasefh QR ilt®n into the next
configuration result of the spanning tree, (3)

t reggien icnghehesbdnece NaC eiddd Sy oreyhiont 2203781 the frame.
unit 105G directly to the port 113 or the port 114,

and 15 (4)AspdeBoribeg fhetlabddesapeoailieofoucth émbé@iments,

for
the following form can be adopted, besides the form of

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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every identification tag (node ID) attached to each
frame: for exanple, creating 4096 kinds of spanning
trees when the nunber of thg.,i_dentifi cation tags (the
nunber of the nodes) is 4096. 20 Fig. 26 shows the
structure of the table 103G in Fig. 25. The
destination identification tag 1031Gis a field that
is used as the retrieval key when the transfer unit

101Gc seateBenohar 3bhe QH&pf‘ﬁrQRéI"aV‘f%'ilg d’f‘ﬁg’ g link 220, a

i nformati on described 25 Iin the tag in e node

| DLivikABI1 0l Danand 1iek 13208 ichatf birkedheCPi s PAWiHY ¥lient
to the frame transfer nethod. The output port 1032G

| stermiakd foronmedathong she rddpeouipdlydesdédaid ¥he node
port I D corresponding to the node ID and the Iike

degd i el nedeh22@e dhienavde s lidjeahdfileahode 32y, difetently
field. One or a plurality of port IDs or a virtual

poffom bhps agevermeairnedhesbbidéinents.The tabl e 103G

is created at a tine_of the spanning tree
confi gur at TBR. Nefg. 126 dgeq ppbcHetipaninm thewengpute

struc{:ure of the node 21Gjn Fig. 24. The tag .
opSFaFT BALIAP PIBE BRI TRIARE NS MR adfress, but it has a

oPERg! L8 g unb ohEL BB, ot BEnd e 0B e

Geath LhRaLn Bk AMLCROPAELADe £ 18R hBYE T hmsrtng inco

| eghau deckiend e B8cH8 LGS Mttty eron

freme negei VediArPIyL he and the other drawings. In the case
of configuring the multiphase spanning tree, the tree manager
is adopted to cope with the multiphase, which is also
different from the above mentioned embodiments.

The node 21G does not determine the output
des.tination 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 d'eleting 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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transfer unit 101G and transferring it to the port

210, (3) when it cannot obtain the tag correspondi ng

to the destination MAC address- as a result of the

above 20 retrieval in the table 203, copying the

frame, attaching each tag (0022, 0031, and 0032 in

the exanple of Fig. 24) that this is destined for any

ot her node than the self-node, existing on the

netoRsy Kermimh )t mandlemardnredide tiosiee 224G a pherdloidey of
31G, and the node 32G in the exanple of Fig. 24) 25
andeeRmalsurer ragdmiatad detiee thagubb ahuthend the like.
sel f - node 0021 in this case) to the above frane,

hence to cré8t BOTRe?2¢ edfi piovd Bilameand dheopartod20 are the
three frames in this case), -92- and transferring them

to PORE ?8&?8}1%%@&0&1@ NPRP ek ¥R stearita by agsiommodated

of DY TF, SFEPFEELTE APATAddre o HivadBres 2an TRBLEFLY to the

' h h
A5 Y BLY 8, 5 AP 5§ 5 8844 g s,
t aBlreaz_Q:@urﬁft% abk etgﬂ'g’lﬁ§l§ ﬁ%flt?e \M])q.[ eecq:aetJ] there through

insertion identification tag respondi each

deat hapt aaa VA 1address of the franes is descrlbed
As one exanple, the 10 contents of the table 203

i ncl ude a ED@Ee&pdﬁd%ﬂﬁ@obﬂla@ﬁﬁrahh§h6$£h%QQﬁ§%%ﬂﬂbture of
the destination termnal of a frane and

notheavodemddGt ingFije ddstination terminal. The

table is to be referred to when the edge node inserts

the node Tieitmeosfiesr vmit 4048 vfahdtets e £ddhe to the port

tahl e can be 15 created based on the information from

a %F%ikeﬁrah%g@h%rﬁabls%rmG writh mpfientendehéat ableeheader,
erforned by the address |earning unit 202, and

¢ REDF fghmad SHe s bEanF fiivatiepl snfornation of the frame

received from the multiphase tree manager 104G. The
desc;iption.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 ocutput 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 lOlG{

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 por£ 1i6 is a control
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Is read out by the tag operation unit 201. Fig. 28 is

a view showng the format structure of the 20 table

203 in Fig. 27. The destinatjggn 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

descri bed. 25 The insertion tag 2032 is a field where
eadhramied exatlilieidc BPDUN firaghd wRR] iMEerdiRd spanning tree
correspondingly to each destination MAC 2031 i's
desonifigyrass.concedfiam by (THEE D2 .ilIsert iIBWER 892 .1W: when
includes the 1D of a node accommpdating the

dedtti A&t now thenPRAU. f@ameor taguisfiealriing athe input frame
identification tags are described in this field. 5

[ OFEr&Ftdy B dhs Eranstrs Wit HBthowhidatwhemgt is the BPDU

formardigg% ghe pperation of transferring the frame )
desEAPGedPth °¢‘T‘ng.?9 &he proges siagnagapsesnnetesdhe spanning

thgrggrE %%0 of %he node 21G to a term na

(destrnaf PoRIMVABT4HE: BEON 5e5818E- 6F: Gdcogbeyp frame,
ted the. i h d | D

0031y - aft b2 HEHHARE, EAC0p bt EaRIR] 138 bARREr pp the

ne&&@fkg&rﬁ@ﬂa%hﬁe%ﬁi%”&% %heagﬁgﬁﬂﬁﬂ%b%gegh!s

enbodi néent , Il be concretel y"descr Wi th

reference t®) kr@ins2érkQngiKe f%gme%gét‘:ﬁzé&’ @Q'B.inngél E?gns fer

for the nunber of the‘total nodes_ he networ
t heniet WOr¢ dissetTpntbgunedpattf ingt ¢ha bB%tPT%tl‘é’?rFr the
er o

1 and then the spanning trees for the sane nu
t feinboak pottal 1hégdeandre configured respectively in
the network 2 and the network 3.

(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.

Thetransferunit105Gtransfersthefrmmatotheport
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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20 As a result, in the respective network 1 to the
network 3, the spanning trees for the nunber of the
identifier tags (the nunber_gf the nodes) are
configured in the respectivé network 1 to the network
3. Thus, a tree is <configured in every network at a
time of the spanning tree 25 configuration. Wile, it
is recogni zed that the spanning trees are configured
on the wholaengidtaitlphadle hed ralifagdy AYEHAK I he
the frame transfer is perforned as nentlone
abdodloWiag espeacidivnsseani ng trees configured for
the nunber of the nodes have the respective nodes as
the root KddesdeAsstpnyhaietier RN Firdghet £66eived from the
corresponding to the node ID: 0031 that is the
i deREitf 1tatgnkheagoot 1he i5 destitnatl dramedeall&di BPDU frame
confiqured as shown by the heavy line of Fig. 24. The
tePﬁP%aﬁOEOHH@CF@@Hmmag'ﬂﬂ@@ comfiigumst idie deftime® by IEEE
rggﬁnhts the frane whose destination MAC address is
f tBdO8s 13FE0§030 100: ybem2 isnd st mio fahen@BRY ifneme,
EQSS 9 node 1G t hrough the port 210. Wth
reFeren F50E § eZ%HPHE ?%%é#hﬁe?ﬁerﬁpf?hﬁn?rﬁﬂﬂ§ﬁ¥ unit

e I
Opﬁféééé’@ln nhécégéfgg( e ggge é;clig'n tgr I&%}égsﬁtogﬁéguratlon

203 shown I n nce

nodgoh Dre08 ¢! Bat ths atssvteasraﬁerrespond' ng to the

- MAC address, inserts this IDinto an expansion tag

storing ared) ofribendranes eRE tsBlsf €b5cl baska Bﬂetge
transfer unit 101G The transfer unit 101G of the no

21®@ntigusat bohheesdltt 8§ tHedgphbhiabt agbed to the
frame and the table 103G shown
(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 103C in Fig.
25.
The destination identification tag 1031G is a field
that is used as the retrieval key when the transfer unit 1016
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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in Fig. 26, obtains the port 212 as the output port,
and transfers the frane to the port 212. Concretely,
with reference to Fig. 25, thg nultiphase tree
manager 104G within the node 11G receives the frane of
25 the destination tag 0031 and the destinati on MAC
22:00: 00: 00: 00: 22, transmtted fromthe node 21G
through the port 111. The frane is inmmediately

t r snthertr ddstdnaléondportr tmdSFradhdnd: DECRUSEL]
is not the BPDU frane? The transf%gﬁtuﬂt 01G w%tﬁ?ﬁé 1D and

t h&heodd kel Gerseneiibest il hthef i ffadhe dBfdi k@3S on tag
tree manager 104G retrieves the destination tag 0031

as 1836yt iedth tOre abhep103A i optofl pork 1ihe od &iwttual port
port 116 as the output destination port, and

t r &Rsf-&r deepE ibeghdnt shiilse Aijeddsal port 116. The

transfer unjt 101G within the node 11G receives this

frame throt8f FARLGI }93RIipemeatesl atetrtimesof Hthe spanning

dest.ination.ta Q31 as a key fromthe table 107G
ob?5Fﬁsc?B%998%BgFPn113 as the output destination

port, and nsfers. t frage to the port 113. The
nultiphaseﬁigéeiﬁﬁﬁ%ékpifﬁgéggﬁﬁﬁﬁﬂ'?%&Wh%@éjfi@trUCture of
su [ h r .eceLyed fromthe transfer unit

10%%% ﬁ??éc?ﬁg ?geggg'pggf 113 through the failure

detector 1fife digWWbdrsi€ish teﬁ]rig’gtc_?o £ g?ﬁééf.‘mg nt#‘ng?following

node 13G the transfer uni and rans
undped®i{onecerye the frame transferred by the node
11G through the port 133, retrieve the output

desti nati ol pardfeafrime thr aAe Abibihkeiofasid NRld:ULs of the
tﬁg 0031 as a key, and transfer it to the port 20 131,
i nEramee seeeeivagd afrohethedpoitt G2 10hersedeedifgr acehyes
the frame through the port 312,
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 22(G,
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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retrieves the table 103G with the destination tag 0031
as a key in the transfer unit 101G and when

recogni zing that the franme is_destined for the
self-node, it deletes the tag 25 in the tag operation
unit 201 and supplies the frame through the port 310.
When the termnal of the MAC address -96-

22:00: 00: 00: 00: 22 connected to. the port 310 checks

thanaaﬁuﬂmmnM%Mrww@%arﬂﬁﬂm% ?fd.ane
supplied fromthe port 310 of the node 3

confirns trae aﬂdréssdm§&rﬁﬁﬁhfdﬁlﬁI?QZS@hEcHQd€héﬁﬂource MAC
accepts it. 5 As nmentioned above, it is possible

t r @dskressa ahdamhe BSoamceha dgeiod Rdle @mam@ctr@e&etleyetdﬂefrom the
port 210 of the node 21G to the term nal connected to

t h&rFd§€eT1BnitEALdE, s anid tes pRicitilvelyb oniineat Jchkth Eitto the
ef fects of .the enbodi nent will be described, next.

H CRstiaationoMAChgddsesre filedek 20 the toperdgpn tag field

co Ilcated and the nunber of the nodes
acgggﬁﬁﬁggéglF 3a network is nore increased, it .
tree. I n ihEe FREEF nahe s 1%8@,28%&%E§;ﬁa%3?e$f3§”3h2%rtlon
shaehBeeibaetoh L eaPUBrEBMRuTng' tneSef Ry Lnrddon Hac
WhaBagbsgobBoLhoer fsﬂégg &ahbgerﬁpeht‘eﬁépggﬁhf‘%agp &, the

O owng to a al ure, € conventl ona

chasgesntheor G ity 'Z‘UB %ﬁﬁgﬁiej ¥ \9’855:85?,598%&1%% between

one of the network |locally, in or
r ethafMyTraddies st & Hetodydand tiors RS2 08! WOrk-ame and

tenporarily even in a place distant from

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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the failure occurring position. This enbodi nent,

however, 25 can restrict the failure affecting area to

a mninmmby dividing the spaaning tree into every

domain. It is needless to say that the functions of

the _97_ respective neans that are conponents of the

node in the network according to the invention can be
realized by the hardware, and a programfor reali zing

t he nisendtiicons:aaf ited udazovw@rema icined HRARNS B MRRlating the
| oaded into a nmenory of a 5 conputer to control the
coMiggttdnatiioer dloymiealli.zOng dhea giibvieal e adf dientifitation
programis | oaded froma magnetic disk, a
sef@6n duet desearibed ior thtis dtiledd.storing mediuminto

the conputer, to control the operations of the

conputer, thereby realizing the above-nentioned

functions. ég &Sixth Enbodi ment] Hereinafter, a sixth

enbodi ment LRAPPFabéCReEXAINBAE PR thet Fifthi Embodiaeatdetag

to r.aw nNgs. The sixth enbodinent is the form of
apsﬁgﬁﬁgdﬁﬁgq 15 invention to a hierarchical network.

Here, by nle, -t se of nnecting, the . .
three net %%{ﬁg;péescrl Lnegfi% %%_Perghn%&?}%grame described in
appiicaggon t Beyi hO ' scribed, a
mﬁdegargg'ngfagra 5%8%?H%%r88§%%%F§§ gsmﬁég §g§§ éio of the

neawde k2 160a8est LagmiRg1 Cihkesihataay I ocal
net wor ks 3202 20 and 3203? a nétmork oggghgagfggs

Sp22agi0 : 00 t De: 002D ) H@theSte@TDERE. 1 The WS X KA node 316
network 3201 is forned by the nodes 3210 to 3221, and

t henods Jart 008 1ngdestar eaohitant Aty aheSBpAAniAg thdes in the

34. The local network 3202 is formed by the nodes

3Zprork 1 and the network 3, according to this embodiment,
will be concretely described, with reference to Fig. 24 to
ﬁFig. 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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25 to 32025, the local network 3203 is formed by the

nodes 32030 to 32035, and the respective nodes are
connected as shown in Fig. 3_ Assune that the |oca
network 3202 and the local 98  network 3203

respectively exist in the different cities. By way of
exanpl e, the case of connecting these three networks

by the application of the invention is described in

Fi tbcBs: . Srhorespapt Bse MpanningttOfeHYcbhEiHOELS for the
according to the invention are shown in Fig. 35. In

t héhest oorthe tiatesexmane ehe hespetet Breanodes i lehe root
3201 and the | ocal network 3202 are connected to each

ot AQHdSs, ARShme fhiat rkdie sranmispedites existspundiodesto the
3210, 1§6g2%§§6€2933,_and 32025 are replaced with the
nod&sS338, thatsgs they Bhosidfiertiony tag tafe the

in i.on., .l n the second conpection exanple, the w de .
ar \é%gtt%g’t%\ﬁdﬁ? 898% L1 161 EOP GLANT AL (AR PROBATEY APe heavy line
copgeglied t,g each other in such a way that the

respecfi’ve “‘nodes 3304, 3305, 15 3306, and 3307 are

new y provipggade ] respective

exi sti ng nodes %g;&gegg%n%pgg% PEFLNERRRE the node

copficgukrafgmt ke %@%ﬂ&&%&et%ﬁ%skpdggﬁ¥ﬁ§t KYUAC address is
connected with each other by using the nodes according

t ospeb&fiiaveas 20,0 08 YR ; &ﬁg Loy
at first 20 in the networ krwf {)%In%gag?/htf%g no eéggéggs at the
330¢¢de 330, thmdugBO®hangoi-ke 2net,work formed by the
nodes 3304, 3305, 3306, and 3307, as shown bel ow.
Subsequent Wythitef epmmre ny Figes2 ) aiporegpeetiptedy the frame

configured in the wide area network 3201, and the

| o¥BPSRcH@BERBab20R MAG 3ddBesThis, spectifdest age of 25
©0%1 86168900 5083 thrdugh the port 210, The tag operati
P peration
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.

The transfer unit 101G of the node 21G refers to the
tag (node ID) attached to the frame and the table 103G shown
in Fig. 26, obtains the port 212 as the output pbrt, and
transfers the frame to the port 212. |

Concretely,withreferencetofig.25,thenmltiphase
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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configured in every network. Although the frane
transfer is perforned along the -99- path on the
configured spanning trees, agirame will be

transferred as if only one spanning tree is configured
on the whole network, w thout consciousness that the
spanning trees divided are configured, at the frane
transfer tine. 5 The operation of spanning tree
Confriagisfair Amiits e betusts 16 ORYRi BEU "Srame .
been described in the first to the fifth enbodi nents.

The nodes 3IBeOttand888r witt fUTEdiahinsRAWNbAeF 15 receives
25. In the case where the configured spanning tree is

on toee fyhacef romet hel mi bbiskase eer sanegeiged MAGNE ekt ieves
108G may be replaced with the tree managers 104 and
108herdest gnavioniddo 098 hars aheey feeomntemagable01036f obtains
Fig 13 .may be used depending on the function of the

spihfi N4TtPed. PerE Ad@ess dheeoutput destiodds @Ry and
3387 haye onI% t% be the conventional spanning

t r SE2PEAHALI HPE A5ARE ARd thgeyiddusdt PETthdé -t 0 be

t he nodes the inventio essaril.y. The operation

of spanni ngﬁ?r%éa%% it gﬂﬂ’lgi irlgﬁql\ﬁ“’lllthﬁ\é the JlG receives
heggk pa rst.. Ln_the nqodes 33QQ_ to 3307, th
neERiBTELghe G LLER ol 08 HA905s 0000 IO ol Ene
treestifadiBA th§! 06§ WL K f]ég%rr?;:acg%é:tr € 212485 13380 LBtains

3304 and 20 the Spanning tree ial” network’

f ot nedpdyt t E3 NAflathe JRMIHUO ¢83din I it('ﬁ‘{ r?toti% Sta‘ﬁﬁeirgthsfers

t hese spanning trees have got stable, e réspectiv
t reke nAinager 8o 108eopoiBe1nades 3300 to 3307 and the
ot her tree manager of the other nodes are 25 used to

confi gur e The mianphagd teee nespgst i MNHQ wiBhi hetMé dfbde 116

area network 3201 and the | ocal networks 3202 and

3298pplies 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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In the above description, although the case where the
-100- spanning tree is on one phase has been -
described, it is also possiflke to configure the

mul ti phase spanning tree when the nodes 3300 to 3307

are the nodes having the tree managers 104G and 108G
At this time, however, the other nodes have 5 to be
t he nodes corresponding to the nultiphase spanni ng

tr @2.: 008y 0vaY : 00 :202 R it d & SIHHC YA T30 checks the

conforqing to the nultiphase spanning tree, the
st destunethaen MACt heldsew whiembSecefi viiheg hee frRRR0GuSplied
n

as the nunber of the phases of the spanning tree
t hérpadéheapobe Bdlsioderthe. ndken 3tlte ahd cOsFEGsV@hat it is
spanning trees are nmanaged by the respective
cofpespbadi figrt the meddgaose the abeeptst iacture can

cope wth the nultiphase spanning tree. At this tine,

when the Aamentianad abovae idphs posg iblecso dsanis€er a frame

nuphber of all the —nodes are configured and the

r eggglélt&‘/% it PERatach oL sher pestaZ b0 fof e node 216
Wi ective node s the root nodes, it is
po%giéﬁg %%éﬁﬁé?#zgopﬂgciFanﬁotFQﬁsP@ﬁeoﬁlﬁhe short est

path effectively at the transfer tine by using the

frame described in Fig. 33. By thus configuring the

spanni ng {{@fe LRV WPreek SedilodndQEp! Pl € 1O

shorten the tinme of the spanning i guration
even in agm ] t G Judl i .

area network g%%ﬁ%%f% ?ﬁém?%?gﬂgﬂg?&%éﬁgW%QSZbﬁgggscrlbed'
3208kt Reconfi guration of the spanning tree at a tine

of failure occurrence will be perfornmed in the sane
operationﬁitﬁhnﬁn;tunnnf&iﬁgiééxtﬂéléﬁ&?éiéﬁttﬁ@ £bology
fifth enbodi nents. By performng the failure

r dRRA/ENG sh ghaypse renmphi cabed| and t ke meaioaf i @B 8heOAcAES

the spanning tree, only on a network where

- 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 ddmain,lit is possible to shorten the
configuration time of the spanning tree.

When changing the configuration of the spannihg 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 ﬁlace distant from
the failure occurring position. This embodiment, however,
can restrict the failure affecting 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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-101- a failure has occurred, it is possible to
recover the failure wthout affecting the other
network within the | arge siqg _ network. Accordingly,
a rapid failure recovery becones possible. 5 The
operation of transferring a frame by using thus
configured spanning trees in the large sized network
will be described, this time. The basic concept is

t heespR A d W ddd thhamad poné%&&fﬁgfmlfge Hodd'Sn the

case of transferring a frame by “using 10" spanni'ng
t r exethtikn Gddta-diede € RUERGAIIG dh e AeHd &%dlq{]hgd by the

termnal as the root will be described by using t

f r hvaer dwdeegr abedai préggam3Bor TheaDDEengCeREMddtt 1¥hs of the
the source termnal of the frane inserts the node ID

of ableyenses tdonedhmesnisngmayhde Tpaikst iitald QN Meidiynalf a
into the expansion tag storing area 2301 and transmts

t hEORPHFETt &0 Cratyodt the cospudedi,ngheévebharcalided ngnolle above
IDwith .reference to the corresponding table. A relay

nod8NFEAREEer Thife PrPgFam dcoldadgd 6 noe anodgneitic disk, a

written |§ t he exgansion tag storing area 2301. The
node 2B HEESMOUEPPRY -t AE BR]IPHRRY GHEkkNg mgdium into the

naG0RBLt St (Vo oAbl OSSR s G ERH AqpRigis thereby
ad 1 r . t.hese .qperations of the
reg%§§??%§8ngg%s%Bgﬁé—@ggﬁégﬁPgn?P&Ftégﬁs’be real i zed.

25 Although the size of the expansion tag storing area
2301 of the frame of Fig. 33 is not restrictive, when

transferringi xée En6o8iR¥nEs Ng the frame described in
Fig. -102-

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 three 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 thelreSpective nodes are connected as shown

in Fig. 34. Assume that the local network 3202 and the local



10

15

20

25

33, it is preferable that the size of the expansion

tag storing area 2301 is the sane as the size of the

VLAN tag area 2203 (four bitsgs) in order to enable

the transfer even in the case where there al so exi st

t he nodes capable of handling only 5 the franes of the
conventional Ethernet in a mxed way within the

network. Wiile, in the case where the size of the

expatsicrk AP Hedperd ialedy 23ilst Sid Ae RitMorddie'@ities.
IS a possibility of failing to cope with the franme
transfer wlgrwaheiezawpke 1GHes ceskasfednardtilg these three
nunber of the nodes is increased. As counterneasures
ag@etdorks dycade appd ivettiork dfs tHeoginw@nty.odi Misdeidscribed
into every domain and this use of the domain IDin

addi &9t 35-he node I D enables the frame transfer.

Nanmel y, as_shown in Fig. 36 and Fig. 37, by using the

frame 15 of "PHEXIMRIRS PfecRNRACHACEPY dIcOROdag according to
in%ggn&%b n,area_2602:1 fqr inserting the domain ID

added R PRSP oA SN SBREENdPof 1%-ad S nf or mat i on ar ea

2602-2 forjnseLti h LD of the. fr , frame
transfer cgh ggérEg??éegogggﬁtﬁﬁnaeﬁgpﬁéesi%gg wide area

Neh8RLKrk 2> 01 AnadShe QWS 1t Hggg&&%%?ﬁ?la %rﬁggﬁgcgéd to each

forwardi ng tags 2500-1 and Store

eXPBREL O IRE IS hOFAP & had! %ﬁeZisQéEgtaﬁyeé%%% g %H)girees 3210,

conmponents, address type areas

ar 8253 @2 03,8083 ANeré W Mhai Dk thidies A8dEESH00, 3301,
witten in the address area 2902-1 and 2902-2 25

i N33@21 eandh2303dactiraingheodernei AnkBntYohh reference

to the address type, the respective nodes can know

the type ofn dhehseckhndssonmédtbani axtinplagddtreswadeaarea
2902-1 and 2902-2, -103- refer to the proper :
coreleepphdiaiy aadltthe dngadenetwpnk 3233 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 configured at 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
respectively 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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out put destination port of the frane. As one exanpl e,
the case of transmtting a frane from the term nal
accomodat ed i n the node 32Q§§ in Fig. 35, to 5 the
term nal accommpdated in the node 32021, will be
descri bed. Upon receipt of the frane fromthe source
termnal, the node 32034 inserts the node ID of the
node 32021 accommodating the destination term nal and

t he a49MRinn thid Q:fonh%ggtul}%d %gagagﬁllitn%gtt%%ﬁ B%O%Eagn%lz g%ilﬂg be

thi's node, 1ntot expan Stori‘ng area

of thlaasifedred aRd il dRIY Lie %B%n%&%g;ﬁ a—.,tr‘éet He RQ¥%igured on

33032 with reference to"the coOrresp Ing table

Wi thienwhbeenfdewor ke WDERoSE Andd BhsdRd $s tiead raee sF)ﬁnning
the node 3307 15 wth reference to only the domain ID

wr itrees idivtidedespensoafiguaedst ati RBeafeamé3@tankfer time.
the wi de area network 3201, simlarly, the frame is

t r ansf er r e@heocopémanoor E368panmnting teéerenteidurabnlgn is the
the domain IDwitten in the expansion tag storing

ar 8812383 Wie reratdan heiview brennddscgibedkimvishe@First to
tth tgf domain ID witten in the expansion ta

st 5Pyt S

P Enbogdiment s TheRodes 3588| £o 330 dina dormed as
| CERSTRTER Py oty Fh% 2SSt +he cond taed Spanning
f 1 8FBe £ dIE MTBn328S R TREPERORERE ndd Bririders do46 ana
L 8064 0 Al ddi SRV 3% WA LH83 aldt 106 in
L{0gs. 107 and Heees KRIERbeRahdgbl SLARYE Y | 1S may be
sehfedeéperdimeditde Fhfict SRVISLRE AR LPEe28f nodes

2301 fromthe frame and transfers

other than the nodes 3300 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
gtable, 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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the frame to the termnal. According to this, it
becones possible to transfer a frame by using the
spanning tree 5 configured b% usi ng the invention. The
corresponding table to whi ci'fhe node refers at the
frame transfer tine shows each correspondence between
each node ID or domain ID of the destination and each
destination port, and it can be created based on the

LR, 150 BN o AR e 2o a2eo
h d j I4t | f .
Lepeien escaoetbeii IR gy treo vhon che

r esbdest 84010 di S e
000 tbhg 3ah0 ke L QR 'ngﬁﬁ'éts 51%%1’%%2:8}:8 1&3@3}' MRmagers

but various nodifications may be nmade w

depadGi agdf 108Gt hatSehisttand, HEwSEOPE Hle tdher nodes have
technique. As set forth herei nabove, the foll ow ng

ef tedisstbamodss aohrespdnbiynyhn thy ailitdhbhaNe §padhing tree.
by dividing the spanning tree into every domain (into
evBYywaAEt @br RRampilei ofpadei Bteuttuskeofivan ddifordfing to the
configuration time of the spanning tree drastically.
Ac@BigFHB§§? ePepnwhentrre,sithe stractemeohlaviing the same
enlgéged, Lt is possible to shorten the tine required

t oRUPBRF | Gtir ke HereP dIARALLET a8 ttden TNle i ddie Pheses of
mhﬁﬁeconfiguring the.spaBning tree on the 25

multF pRR2RT 1Y FECHoLB| b8 PBAenBRReRet REnsidered. When the
copf i i on-_1j of _the spanning tree. At second, ..
oo B ELL e Tspah TPk riiE RBR"Badabe By, the ShapRy tive
tr ' LLu co Ny, J | _technigue
crosEotbBendtnd Hke thlnabofs (ORNEVAbERE) StEREEhHGcan cope

ongi o tRdemABE WBhKsbOBhhYingdNdril. ORHCENSS time, when the

reconfigure the whole
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, namely, the

reconfiguration of the spanning tree, only on a network where
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network, it stops the network tenporarily even in a

place 5 distant fromthe failure occurring position.

Thi s enbodi ment, however, camitestrict the failure

affecting area to a m ninmum by dividing the spanning

tree into every domain. -106- In the clainms: 5 1. A

network systemfor setting a path according to a

spanning tree on a network connecting a plurality of

noéeg‘?‘lg\}ﬁ%‘? d1as preudireter Bntisnpossikie dre recovect e fpilure
consi sting of at |east four nodes

a partial network

B3t FRECRbLnsr FIRaPLhaY RnFewh wiphin dihe fasve sized
nog%g bekon in% tqQ bqth said network and said partia
netWoPRE “anfiCERE HES Yue FoGPtg 6 idtire Faaquary becomes
ne ggg?b%ggnfigures and manages a spanni ng ;ree'mﬁth_

respec 0 the self-partial network and adj acent said

IeLrork iind orDF BB PSR 0 FOLLD 5P wsing thus

claim1, er el sal artia i's

ceaEsguee spyanist, SEuds, i SHCS 001360 Akt vina

pabéi aksoeivedk khieommAgeted to each different
network. 3. The network systemas set forth in claim

1 or clai nriZe balsdiceconcept i80elge SaAR4S @hePi frh embodiment .
plurality of transfer units which determ ne an out put

dedneranmie mf tthen caser pfsaranpfetidhgnetfitkme Basedng the

on a destination MAC address of an input frame, and a

pl SREPRIRT Jiree daviimtaybesnede creammiodat ing theadestdgnation
terminal as the root will be described by using the frame
described in Fig. 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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tree for every said partial network and said network,
according 30 to the spanning tree protocol and
transfer a franme. 4. The netygsk systemas set forth
in claim3, wherein said node conprises a virtua
port which puts together the output ports to 35 said
sel f-partial network which connect said tree nmanager
for managing the spanning tree of the self-partia

neBéprit angrsaietrallly thht s €1 z8fl thé exPMIINWEY storing
systemas set forth in claim 4, wherein sai d node
coApeas230d s urke idamefad theskeeeudft Sh&WEAN tag area 2203
determ ne an output destination port in every said
pal £PHE Mgt} Kn badet tom emabdesthaatsams MAC exdadr £8the case
of an input frame, an RPR franme transfer unit which
deVBERPnEReRedBiBPNERiEN the RPResddmpebleacti hgndDing only

ang aHH$Ut ut destination port, based on the, L
dekPf PAC-BRdiiversrianad FRparnetabe a Bixed way within

pl ity of.tree managers whi ch configure a spanning
tréégmf?%w? §pect to said partial network, according

to the sgagn{ r ot ocol, and.transfer franme .
15 a TTL managé]e‘? %i ché)pcgar%eo RELE, a@ﬁz(?no%f t%‘?ﬁ%ﬂansmn
di r ] f t he_,vi ual 8 A
SHESH A, AT 0L 8E Tl BRI I oPBbbssbitiey

sebf -artig tRELWPeKwIRhCHhE (e)fgpﬁfé t%r%eiﬁx_e &HEH @?gr network

for nmanaging the Spanning tr -partia
nel swosrkt aged 28nd atHe RRnbé ANGE t £RESHh8AeHNEE. jAcrdhBed.

network systemas set forth in claim5, wherein said

TTL manageéys compties@asures against this case, the network is
logically divided into every domain and this use of the domain
ID in addition 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
area 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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a TTL checker which . discards the frane wth reference

25 to a TTL value, and a TTL controller which perforns

addi tion. and subtraction of-itole TTL value. 7. A

network system for setting a path 30 according to a

spanning tree on a network connecting a plurality of

nodes, wherein two different networks are connected by

a partlal network consisting of at |east two nodes

acESHPEUAC kgenBreperi aarreshoudghgatpblieal ang détermine the

node b%n ing to both said network 35 and said
@%ﬁmttw RAUE 18] st rirame sai d parti al

netvvork 18? confl ur.es agd manages a spanning tree
with respett 92° G- paftGage ﬁ@tmﬂs%ﬁth@?@cﬁﬁ@me from

sa n ai e.conppri se it
trlz!l:(ri]ilsef g%?ﬂﬁl%:ﬁ Vﬁcgﬁmggegp hB Sheole ﬁt3£)%g4 in kylg 35, to
deghiNaki-08 nR9" t. tq,sai ar.t qiiplmnet. ,

based on a gshc\#a%& :%%%C l&d?cé%esn&é) ij\rlﬁrré’,e

a gkHeahbky.of tree managers which configure a

spanning tree with respect to said partial network,

accordi ng tpohhPecsDRPBMNEHY 88 aREOEPEA! + fis-g i

a frame, and 10 a g% identifying unit vﬁé]%wéd ft%%mlnal'
detkenmade a2tsdeinseager thel nadeodPPWlr oS! ndrld @Qo@fl

an i nput BPDU frane according to an identifier. 8.
Thacremmodit §ngt e ate stetndoirdm terndlilmaid ’éhér@cbrﬁla:l.n ID of

-15 said BPDU identifying unit conprises an identifier

i nSkee tHpglealt nahvenki A2eRt $naludgngr thisbinbdet,adater the
bits) for identifying the tree manager, and
expansion tag storing area 2301 of the frame, and transmits
the frame to the node 33032 with reference to the
corresponding table within the node.

The node 33032 transmits the frame to the node 3307
w;i.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, fromthe frame
and transfers the same frame to the node 3303. The node 3303
transfers the framé to the node 32021 with reference to the
node ID information of the expansion tag storing 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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an identifier deleting unit which deletes the tag or
the bit (tags or bits) used for identifying the tree
manager. 20 9. The network gygt.em as set forth in any
one of claim 4 through claim8, wherein said node
conprises an address learning unit which creates a
tabl e, based 25 on an input port and an output source
MAC address of the received franme, and a table which
detodt ribwee sreare iowtdp Rrates tisnatHed sl indie, U e th&s the
destinati on MAC address as a key. 30 10. The net wor k
sy%@néé-oéletagcﬁtdfrlmg draan290 Iwfromitthe Saatlet &b @ransfers
conprises a destination MAC address field which
i fEgmendo dhe iteamine ivaGcadrdisyy tanctlrs ouittpuitecomes

port field which describes an output 35 destination
poppsé&S#§s§8h&Fﬁ&S€@rtﬁeﬁﬁﬁﬂﬁ|hﬂ|QﬁiﬂﬂM§hﬂﬂﬁR§nﬁlng tree

ggn The ngtﬁork system as set forth in claim 1,

whe FRI8EEd R 85& fhSednyentioRn-i ty of transfer

ts wh t 5 dest, t
1 BB I e o
d f I
B G Ll e —

reé@@ﬁtnb@eSQDdOPathﬁhnngb“BEkth%cﬁg% 50959 R84 each
spanni ng tree protocol 1n every identification tag of

t hdesbphnatidf Hoase, aggdia Ebht5@|cEQ%Eeﬂhb%QeBub§ the
toget her the output ports to
1nformat10n from the server for managing the network.

As mentioned above, although the invention has been
described by citing the preferred embodiments and examples,
the invention is not restricted to the above embodiments and
the examples, but various modificatidns 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 eévery 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 to shorten the configuration time

of the spanning tree.

At second, when changing the configuration of the




the self-partial network which connect said nultiphase

tree nmanager and said transfer unit. 15 12. The

network system as set forth _jjpsany one of claim 3

through claim7 and claim9 through claim1l, wherein

said node conprises a failure detector which detects a
failure through transm ssion and receipt of keep

alive frames. 20 13. The network systemas set forth

i N splanmini?trebeneiny toah &Lty £ thel €6hPen€DORE] IRFchnique
a signal separator which separates the keep alive

f r si@ngels dimet henftiberatiamegradda2iya Wekpe adtogping one of
siggfl transmtter/receiver which transmts and

r e¢diey 8etvprkk degaidlyveandaimsorddr fheremanbirdusy dtheemwhole
as set forth in claim1l2 or claim 13, wherein 30 said
no8€t¥eRkri dds skopsafrdepnediark rempomstdl Yo §verofin a place

the.port at a tinme. of double failure. 15. The network
-syg&c%%aé@ Ledn EbP e QFFHTr3ENg PAfHer i@ Thi @ ehpsiment,
co ises -110- a pl.uraljty. of transfer units which |

GoPBVEVBE 0 R B R Ik hs St PR EoP PP o p minimum
saj - | n d i dentificatiaqn tag

of oY B2 viiner SO EbanfIRE! 128 T Wiy gt
configures a spanning 5 tree with respect to said

partial network, according to the spanning tree
protocol in every identification tag of the input
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frame, and a tag operation unit which inserts and
deletes an identification tag. 10 16. The network
systemas set forthin anylane of claim 3 through
claim 15, wherein said tree manager conprises a tree
controller which determnes a state of a port 15
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 which closes or
TAPEAS @l??ﬁ&: 20 17. A node formng a spanning tree
on a network connecting a plurality of nodes, :
conprising the follow ng steps of: configuring a

partial network by a Iﬁ%gé u S 5 :
accomuodati ng no tertir% na a%dﬁcc%x%ggﬁi r?é)%t msx)etd-ijfl}%r%ppath
AGEPRELRY t4% 0B gPPANNING| tE§eofomode nefalorkyi ¢onnecting a
pharblsaydofnabuesk @#Rdréand partial - network, and

configuri nd nagi ng a spanning tree with respect
Lo t hEREE SSEENCHE THOTES RE8KPRRA e PY Sub i bt hofEsoTk
c80sig8timgeofiode hsasetfdur tiodes clddddhmoda iy ncs itegminal

ChEPuary e TERLELTR0E HoofR e TR R i el ngror

and ggnfdebarsdadapptyark,ofinghe nodes for the sanme
nunbethe node belonging to said partial network

configures and manages a spanning tree with respect to
the self-partial network and adjacent said network.

2. The network system as set forth in claim 1, wherein

said partial network is formed by a 1link 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 determine 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 configure a spanning
treeforeverysaidpartialnetworkandsaidnetwork,according
to the spanning tree protocol and transfer a frame.

4. The network system as set forth in claim 3, wherein

said node comprises

a virtual port which puts together the output ports to
said self-partial network which connect said tree manager for
managing the spanning tree of the self-partial network and said
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as formng said partial network to each different
network. -111- 19. The node as set forth in claim 17
or claim 18, conprising: -applurality of transfer
units which determne an output 5 destination port
with respect to said partial network, based on a
destinati on MAC address of an input frame, and a

tRaWsRLt ¥inQk .t ree managers which configure a spanning
tree for every said network, according to the spanning
tree protocol and transfer a frame. 10 20. The node

as 595 forth in claifRel BetGRWR 5 é@gmaaé”s@i:uﬂargﬂr{n claim
uts together the output p
Seiw e#ollﬂ al network which connect sal d tree manager

for gamagnbget bemﬁme@gng tree of the self-partial

netmork fa# ‘ﬂ%? ransfer unit. 21. The node as

cot OB R ALEFR; gans SEp?%Fﬁgﬂhlé%rierrmﬂpeo@n output
dﬁﬁ&n@@@aomnmmngmﬂﬂemﬁawemmnﬁapﬂrthMMHEth}k based on a
dygyidggfdyw & il & d%ghﬁgkgfggrtlal net wor K,

based on a estlnatlon T4 i nput frane,
an RPRIEEREramg igfems figx 'tqu Wi chedetrenmicsesna destination

Rdwastadaatalsgn a PR P, 884 & fdd%ﬁiad@deéﬂ.danQ&BHtél%'{t based
3&@ qg{ﬁg;t based . on the destination
HAG 2hidresss of hihe dmpuf Sramege
rranaga;i-plu\ha]:htg&fﬁ tgéé&nﬂné@@ﬁﬁlvﬂgmﬁ b%ﬁfWghEerﬁséﬁﬁInlng
ReS p aceo o_the annj n
tree%%rgt%%%Pgand%%mgﬁﬁgePaﬁ gnge %9%%1.?E§hiéh ng to the
SHRNEH Ngk rHr@eP rateaadc ténsh tofarElermrd fxdimecar ds t he :
franme abyrrirh@nahldge @Ahich performs subtraction of TTL and
discards the frame by the TTL, and
the virtual port which puts together the output ports
to the self-partial network which connect said tree manager

for managing the spanning tree of the self-partial network and
said RPR frame transfer unit.

6. The network system as set forth in claim 5, wherein

said TTL manager comprises

a TTL checker which discards the frame with reference
to a TTL value, and

a TTL controller which performs addition and subtraction
of the TTL value.

7. A network system for setting a path -
according to a spanning tree on a network connecting a
plurality of nodes, wherein

twodifferentnetworksareconnectedlnraparfialnetwork
consisting of at least two nodes accommodating no terminal
through a plurality of nodes belonging to both said network
and said partial network,

the node belonging to said partial network




10

15

20

95

30

35

30 the virtual port which puts together the output
ports to the self-partial network which connect said

- tree manager for managi ng1igke spanni ng tree of the

self-partial network and said RPR frame transfer
unit. 35 22. The node as set forth in claim?21,
wherein said TTL manager conprises -112- a TTL

check [ efrarre wL.th reference
T Epntlichel MERRILES | AFRaLER FEFOTTES résbett o
taedﬁ?lénpaﬁalgébne&wmn angf adjeceft walideneSwdsk,Aand

node §g{f ﬁ]gdé é@ﬁﬁgigg tree on a network connecting
aplurallt]%/ﬂ nodes, erein a partial network is
f or me® Litnof F5apshsgesnive vbisbddetagmine an output

d"esltrmaalloﬁnﬁoi:wﬂttﬁ fﬁ@&cmw@aka ﬁéﬁtléﬂ ot edased
r & gltural of, nodes hel on %to both sai d
F\Aggﬁ AR TP Mphr AT eSS R R & $5aA&irng tree

| s coafpluraldi gndfraregadand ddirs aﬂﬁ.@ht coh@itlite a spanning

t§%|ef HE@ﬁt féls QS\EV\géksgﬂg usg*‘ﬁ.%f gx}es’ﬁvlfogﬁg,? ;%A@cfﬁkﬁ‘qgl{]éj to the

Smn@nnaeﬂc@em Brokocodt |@u|1d taegisifieart mofrpowt, windh
r espegtppsy St tiailimy) uﬁgtt"%fch%% %mﬂfé@a tree manager

estlnatlon ML\C address of the 1 nput frame

51 BPaP TR brats e aedRR A5 %ll@ﬁ’u@oﬁ?PB uFEame SIREANGRg to
amr delenttifieespect to said partial network, according

to the 20 spanning tree protocol and transfer a

frame, and a BPDU identifying unit which determ nes a
tree fandbke nejfwork sytshem desséndfidruh dh ahaimplii wherein

BPDU £E3RER8p605 QbR ikYing 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 tag or the
bit (tags or bits) used for identifying the tree manager.

9. The network system as set forth in any one of claim
4 through claim 8, wherein

said node comprises

an address learning unit which creates a table, based
on an input port and an output 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.

10. The network system as set forth in claim 9, 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.
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- mahageér an

an . identifier. 25 24. The node as set forth in claim
23, wherein said BPDU identifying unit conprises an
identifier inserting unit -whgicch inserts a tag or a

bit (tags or bits) for identifying the tree nmanager,
and an identifier deleting unit which deletes the tag
or the 30 bit (tags or bits) used for identifying the

tree nager. 25. T node as, set forth in ne of .
cl ai mirgg t hr ough g"%ﬁ 2 Weshﬁysﬁ%asﬁﬁ%%8¥§§§n claim

1, ewharagnuni t whi ch creates a table, based 35 on an
i nputgR aixd égmﬁgigg%ssource MAC address of the

t
recei vegél ?rayre, a table which determ nes an
out pui Riaxtakiky &f poansferushivgs mvhdadedetaanine amOutput

dé@@'iﬁ&%lé% BokeYuwieR- re-@}f‘e@@q:% §§1§e%a£9i$ﬁ d&v%%ased

5 sai d tabl’e conprises desti nation

°&d aPeggePftaf&C\%l@ﬁ desc ofhad dmputddadmeat i on MAC
addr easpuabilphaseut peé ﬂ@ﬁ&géte&H1@ﬁ|é&hf&ﬁﬁfééNESéﬁhnnlng

p destinati cor ond|
e%tgt f%ngpl oh~REE agarg C PR ﬁ"‘}’ %%W%a‘ae %f'sc%%qllf%rtt% the
sipanpiagnties prodwgolsimeverypldewt i fycafidn aagfed the input
£4RileS WRigch determine an output destination port with
respect to said partial network, based 15 on an
i dent PYEEEVBH PAEE ofhigh ipuha togewberathel onpbaseorts to

thecgelERpgRE i 6BtGBRKI FHLER éoﬁHé@E'ledtﬁ&E%ﬂﬁﬂJbe tree

respect t sal arti network, according to
p l% prans er 111'1\/]\.D . g

12. The network system as set forth in any one of claim
3 through claim 7 and claim 9 through claim 11, wherein
said node comprises

~a failure detector which detects a failure through
transmission and receipt of keep alive frames.

13. The network system as set forth in claim 12, wherein
said failure detector comprises

a signal separator which separates the keep alive frames
from the 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
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spanning tree protocol in every identification tag of
the input frame, and 20 a virtual port which puts
together the output ports tjgp.the self-partial network
whi ch connect said nultiphase tree mnmanager and said
transfer unit. 28. The node as set forth in any one of
claim19 through 25 claim22 and claim 25 through

claim27, %ﬁg ISH?? fﬁ% ure, detector which_ detects
a fai FdHER Pf Fransirs Sttt dich dppering gap output
dastveaﬂ:naneporﬁgwmﬂne:enmﬁ:ta&osehlﬁopahtml aleivdrdd, based

el | i Lure de tor c |ses a signa
Oggggr%?gp%wﬁigﬁgggﬂa&é eg%tﬁg ké@ﬁ ngWanes from

t he o@h’é\ﬂlnﬁhﬁsea’ndea Hl@@@garlwmcsh g:rmtfiqxar@na s@ahning
t&éQGWYEh ﬂ@bgactt£8n§gl&S%QPgléf érir“%é%%¥§fﬂ#‘ﬁ% the
a ort

franme he node

SQPQPﬂ-ngtr €q protosed i pNgry Identsl Hicrtdontagiaf Whe dmput
feame, ohfndthe port at a tine of double failure. 5 31.
Then as set forth in.laim118, . conprisin

pl ura |t %fOP?ﬁﬁg?gP Givits Wi eh d-é‘tSQFl’ﬁsnea’z’fg eﬂ%ﬁﬁ?s an
identiifdciagd oporttagwi t h respect to said partial network,
based on an identification tag of the input franme, 10

a mul ti phase tree manager which configures a spanning
tree weth Fhegw@bawank syslepans isdt fotribr kn anyc ongi of) claim
3t @hrbaghS RARAMNA 5, §Aedledtocol in every identification

tag Of tgetree mana
ger comprises
a tree controller which determines a state of a port
accotding 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.

17. A node forming a spanning tree on a

network connecting a plurality of nodes, comprising the
following steps of:

configuring a partial network by at least four nodes
accommodating no terminal and connecting two different
networks through a plurality of nodes belonging to both said
network and said partial network, and

configuring and managing a spaﬁning tree with respect
to the self-partial network and adjacent said network.

18. The node as set forth in claim 17, comprising the
following steps of:

configuring said partial network by a link connecting
said opposite nodes, and

connecting each pair of the nodes for the same number
as forming said partial network to each different network.
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franme, and a tag operation unit which inserts and
deletes an 15 identification tag. 32. The node as set
forth in any one of claimX4§ {hrough 31, wherein said
tree manager conprises 20 a tree controller which

~determnes a state of a port according to the

spanning tree protocol, a BPDU. transmtter/receiver

which transmts and receives a control signa

(control signals) of the spanning tree protocol, and

25 a pért bI ocki ng uritie nbdelascéot Eorah DpPenaim 106 claim
Fé gg tree configuration nethod of

cdn r|ng spanning tree on a network connecting a

pl ur aﬁl EJjurQ)?ith)dl,fs treosfeirsingts hehfal dewerpisteqs output

delsit i3A+G R | bGHE' WItR f@ééé@é t'@ts‘éﬁrdk Q}.‘ti‘gllf@&s?ﬁ?urbased

nodes accomm atin er m nal and connectin

o £f destinatdno e #Hlan dnpar (ffraﬁ@de@nd

bel ongi E?Dui‘@lb@f fbﬁ%&c@e ﬁ&h&@éks%ﬂﬁ@r@b@nﬁ@bﬁk@l a spanning
detwark, and conl rh g gnd nanaa a spanni ng tree
hi~th "PEs FEEEY 88 100NEREOLEY f 2BSPFRARTI LR bh% SRRPNING tree
raditacedt agal dreetsferk .a frdme 34. - spanning tree
configuration nethod as set forth in claim 33,

conprising: a transfer step of determ ning an out put
destlﬁ&bloﬂhﬁoﬁvdemﬁShsﬁbsﬁectht@nsaldlmalﬁbatomprlslng

net wikyibaggd gore westh 'ﬁiﬂ@r{o%tmg @ﬂgf n]g@rts to

ut .frame, .and a tree nmapager ep of con
5‘&'0 ﬁﬁ.lﬁgPPFéé PﬁtWPEEp‘é%%clP cF%lHi%FfpﬁramdaFrﬁetwwer for

mEcegridigght ahdm isppope 8 @ ft t8e self—partlal network and said

transfer unit.

21, The node as set forth in claim 19,
comprising: '

a plurality of transfer units which determine an output
destination port with respect to said partial network, based
on a destination MAC address of an input frame,

an RPR frame transfer unit which determines a destination
RPR address, a ring ID, and an output destination port, based
on the destination MAC address of the input frame,

a plurality of tree managers which configure a spanning
tree with respect to said partial network, according to the
spanning tree protocol and transfer a frame,

a TTL manager which performs subtraction of TTL and
discards the frame by the TTL, and

the virtual port which puts together the output ports
to the self-partial network which connect said tree manager

for managing the spanning tree of the self-partial network and
said RPR frame transfer unit.

22. The node as set forth in claim 21, wherein
said TTL manager comprises
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protocol and transferring a franme. 10 35. The spanni ng
tree configuration nethod as set forth in claim34,
conprising a step of connegting sai d tree manager step
of managing the spanning tree of the self-partia
network and said transfer step by a virtual port

‘whi ch puts the output ports to the 15 self-partia

net wor t her. 3Q.., The spanning.tree configuration

ot ot THE e it @ e gy thaFgference
tor an¥Tér vatep,ofndet ermi ni ng an out put destination 20
port i [ iLal n r.k, based,on_a, .
oot | Bt ECRRESLIRE ohdich BEEED fips M1 6n JRE BipRRaleion
ofr #he TThn¥Rénestep of deternmining a destination RPR
address, a ring ID, and an output destination port,
based__on the destination MAC address of the input
frane?325 sai d tree nBnd@ee KAPIGY codPHUrinG kree on a
nﬁlﬁﬁbﬂgngohhéet%!vgt B peaReqtto o?ﬁln@dfé%r,lt wﬁlead:e%mr K,
accordin Q e spannin tree protoco n

trans?eP%ir g}agl f"reﬁ)ﬂé’rq‘a E%Lfﬁﬁﬁl& Yst&p ﬁ?a?)%rfSPﬁi mgpdes -
aggbtmadaitangofndl Ttexaminali andr diwviy dheféreme hgtwbeks are
ShhectRd 8 cli.n | d t.ree .qan r .
obocctRd heBudh ¥ pllural I bEHodd Reteg i 8 Forh saia
nNgEWOIa andals aiet workiadd neawprRPRankk ane transfer step
throughsganhihyadrd®rils oM Gdrdtd ahRema Rihee kPN respect
tto he s%i?-pa?ti | network g%#ethé?. 3% %%. f%e spec
é?péﬁ?m Gt EATEIA JEEROTN st agendeSaist metwark, and
whlizghmcdhprifsersei n - 116- said TTL manager step

\(/:\np{rﬁr 'razﬁlz?%icrz-él_%y Cglie %ggks%te%puggtg Iw Cfcrhdldg egrpu?.ntar g\lrlre output
destination port with respect to said partial network, based
on a destination MAC address of the input frame,

a plurality of tree managers which configure a sPanhing
tree with respect to said partial network, according to the
spanning tree protocol and transfer a frame, and

a BPDU identifying unit which determines a tree manager

of an output destination of an input BPDU frame accdrding to

‘'an identifier.

24. The node as set forth in claim 23, wherein

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 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 learning unit which creates a table, based

on an input port and an output source MAC address of the received
frame, and
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to a TTL value, and a TTL controller step of

performng addition and 5 subtraction of the TTL

val ue. 38. A spanning tregqﬁgﬁfiguration nmet hod of
.configuring a spanning treé on a network connecting a
plurality of nodes, conprising: 10 a step of

configuring a partial network by at |east four nodes
accommpdating no termnal, and connecting two

di f f e? bl athisik detrraigiesaapl anbpnt ydestinakion port by
ubehgnghagdtetbakBisa slachalweeksand sakdyparti al

network, a step of configuring and managi ng a spanni ng
tree with 15 respect to the self-partial network and

adj ac26t <pha meievaK,seisafelrth aisfEYaish €45 Ofwherein

det erginjn 0 . tination port with respect to
sai d g§$§ig?gg%t§%$§¥lg§§ed on a destination MAC

addr edsdgptinetinpuMAY aaddress df{ekd whihahedestepbek the
degring¥ibRUMACSBARREAE [ 5ag 20 with respect to said
partial network, according to the spanning tree

prot oBBl AREPEEanRPEEri fgehd f ravich arfipsciBims an  output
dedetihiafty oAt epolredfbatingl $19 t Aeld2f ITRAAGRT MASIRRIress .
of an output destination of an input BPDU frane

according to an identifier. 25 39. The spanning tree
confi @iérati on nethod athesemhoder b set ddath 38n claim 18,

 c%@1E€E?n§4id BPDU i dentifying step conprises an
i d 1f1er

nt i inserting step of inserting a tag or a bit

30 (tadelerabity o srapgéeri wying Weiah deserminggen output
dels@Ana®ien Brtdﬁﬂﬁhfﬂ‘@é%é@tl. &ld RGidt BRrPiatehEtddEk [ Nased
ta% or, the .bi,t (tags or bits) uysed for identifying

op. an ﬁd@g S 03%669 of &n input frame,

a multiphase tree manager which configures a spanning
tree with respect to said partial network, according to the
spanning tree protocol in every identification tag of the input
frame, and

a virtual port which puts together the output ports to
the self-partial network which connect said multiphase tree
manager and said transfer unit. |

28. The node as set forth in any one of c¢laim 19 through
claim 22 and claim 25 through claim 27, comprising

a failure detector which detects 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

a keep alive signal transmitter/receiver which
transmits and receives the keep alive frames.

30. The node ‘as set forth in claim 28 or claim 29,
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40. The spanning tree configuration nethod asset forth
35 in any one of claim34 through clai m 39,
conprising: an address |ea ang step of creating a
table for -117- deternining n out put destination port
by using the destination MAC address as a key, based
on an input port and an output source MAC address of
the received frame. 5 41. The spanning tree
CEBRF+HUPAti on method as set forth in claim 40,

wher ea rfxsaaued bl dik8 neOURA ESPR1ieh dasld Bl PReMISradl @S8ime

g g Th g ?escrlbes the destination MAC address,
ouBle nEaL{PEE - port field which describes an out put

destination port corresponding to the destination MAC

addre 42. - ' The rRANN ree onfiguration
met hg%]? as set forth in clr}:ﬁcpﬁ%é %i%%ﬁ‘g lI?LSC%ialm 18,
copRKsEengst ep of determining an output desti nation

port %‘@ltd}a{lqscﬂegf {:Qaﬁg?gr Qﬂ{:ﬂ;@b %hvﬁégergfﬁgdarggutput |

entificat’ion ago anlnpu rarre
d??*éénﬁrﬁha@ewg’f Pl KesHaqjuitongaid spaiet ol nqﬁ«e@rm biased
oneaneﬁzaehelsabatﬁzaht kaly B¢t waekinpgeokdhng,to the 20
spann in every id ntification ta

in i otocol %
the | APUEIEEPBARS SREE MRRFE MR G TIFERY 3 spanning
tm&btwphhseespeetnﬁoagaidsp&mtlawmhéﬁﬂdkﬁJeauﬁdﬂdrﬁgﬂto the
{ .
spAnALHY Fhed ngt@pgpin in b9ED ;&o%érpﬁlf&%g%jgegg JPERE input
txpEeni Agdt r ee conflguratlon met hod as set forth in
any 059 Qly Cbperad3ohhiRueh wh At 3RsaResClAldN 481etes an

: 1den?:1%1catlon tag.

32. The node as set forth in any one of claim 19 through
31, wherein

said tree manager comprises

& 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 dloses or opens a port.

33. A spanning tree configuration method of
configuring a spahning tree on a network connecting a plurality
of nodes, comprising the following steps of:

confiquring a partial network by at least four nodes
accommodating no. terminal and connecting two different
networks through a plurality of nodes belonging to both said
network and said partial network, and

configuring and managing a spanning tree with respect
to the self-partial network and adjacent said network.
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claim42, conprising a failure detecting step of
detecting a failure through 30 transm ssion and
recei pt of keep alive fra 44. The spanning tree
configuration nmethod as set Porth in cl aim 43,
wherein said failure detecting step conprises 35 a
signal separating step of separating the keep alive
frames fromthe other frame, and -118- a keep alive

signaf4transnmitting/ recepanngngt‘epe@fcqrrfaurwmatttmmgmethod

agngeeegeuhngnteqa&aeesal ¥Rphid 3Re-: 45. The spanni ng
tree confi uratlon met hod as set rth in claim43

or claith %%?Pgﬁfr@e%ﬁwmk%@nsqﬁp%deﬁtzwﬁal@wort

wh.hh pespeat o tddi] Pardddll eeth@dirkyr Basé§. od e destination
gdggstre conf.i uratlon method 10 as set forth in
afm

Sc8hpAts tREY s ErAMgst 829t ep of det er mi ni ng
_an oudpited estriayds shepoof ccmf:tgump@@t spanﬁand tree with

-l wayr ntif a
rBREELT - St far OPREHER000R, JCEU A B £f%pfing bree
P@@ﬁPPQ&rﬁﬁ@ §r§@§ﬁmnmgn915-ﬁm@®amtr1respect to said
partlal network, according to the spanning tree
proto n%every identification tag of the input

frarre and € SREGIOGEF R o Brratd meh@oén?cﬁ set forth
igelc@tiing 30 dotpiatiisfineati on tag. 20 47. The spannlng

tree ¢o t.hod as .set forth in 0

cl ai mg?ﬁé%ﬁr oug':flﬁ) n@ﬂeg:%rﬁn%saﬁf*e?]é??] manager step of T managlng
the spanning tree of the self-partial network and said transfer

step by a virtual port which puts the output ports to the
self-partial network together.

36. The spanning tree configuration method
as set forth in claim 34, comprising:

said transfer step of determining an output destination
port with respect to said partial network, based on a
destination MAC address of an input frame,

an RPR frame transfer step of determining a destination
RPR address, a ring ID, and an output destination port, based
on the destination MAC address of the input frame,

said tree manager step of configuring a spanning tree
with respect to said partial network, according to the spanning
tree protocol and transferring a frame,

a TTL manager step of performing subtraction of TTL and
discarding the frame by the TTL, and

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 ports to the self-partial network together.

37. The spanning tree configuration method as set forth
in claim 34, wherein
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said mul ti phase tree nanager step conprises a tree
controller step of determning a state of a port 25
according to the spanning tree protocol, a BPDU

“transmitting/receiving stegléf transnitting and

receiving a control signal (control signals) of the
spanning tree protocol, and a port blocking step of
closing or opening a port. 30 48. A spanning tree
confi @@t T8h Proggam skAPcAorDRisea each node forning

as pa‘ﬂ HTR0chéEERe Pt P E WRIdc a X BMEERL 'fg:a?neoﬁlvﬁl"i‘lr'etf)érence
of nodes, 3orrpr|3| ng the follow ng functions of

tRoftt Folr VAGUE ' paPMi al network by at |east four nodes
acconao ngomrbarlmrnaist@pd sonpeeiforgihyo sidieiemt and

twor ks Iurallty of nodes bel ongi ng
SFé%ggf:%ggai 8% ﬁb?wg‘ Xl’?& §ai d partial network, and
configuring and nanagi ng a spanning tree with respect

L0,o"Sgpe Lpart al AELAR AR AN BORH: PR 08 MOLKoa of

he spanning tree con
CPPLAFUrANG 2 SPABSINGRRE SRy neawprhrmrmequmq p@lufality
odtehoue!)i egm@,ri-lglitr@ut destination port with respect
to said Eﬂfl % twork, based ogn_a 10 destinatjon
MAC. a8t 98B a% °9R FABEE RS AR tRd ReFYeEkRinageteast four
nbdest amonﬁodaﬁi.ng uro germispannamg ddrﬁ%cﬁ&drld%ﬁr;&&ﬁ&iﬁerent
eEX-T é din he spanpi .
tree %ofeggé}“ n% jé\ﬁa)lﬂ%}léé |°gnéx%rsa§§ Ofglg‘@. Q?{}gol':h sald
@ﬂ?&fﬁﬁkn@mdr & ish iFanhiredt ingrtwodgr am as set
a step of configuring and managing a spanning tree with
respect to the self-partial network and adjacent said network,
said transfer step of determining an output destination
port with respect to said partial network, based on a
destination MAC address of the input frame, _
said tree manager step of configuring a spanning tree
with respect to said partial network, according to the spanning
tree protocol and transferring a frame, and
a BPDU identifying step of determining a tree manager
step of an output destination of an input BPDU frame according
to an identifier.

39. The spanning tree configuration method as set forth
in ¢laim 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
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forth in claim49, conprising a function of connecting
said tree manager function of managing the spanning '
tree of the self-partial network and said transfer

- function through a vi rtuarlﬂaaft for putting the output

20 ports to the self-partial network together. 51. ,
The spanning tree configuration program as set forth
in claim49, conprising: the transfer function of

dgEeEMiNAngg ap ofupbut 2degsdmiagdononppskt Wyt husing the

desspAatibA BAC hddFddRlad@l WekX, bB88AJon O%h @ nput port and
ageglt_ﬁsna ion MAC addreas of an’input frame, .an RPR
r

PRFafSREFer HACt pAATEFSdefethenrR§eAVeHeEEAHEL i ON

RPR address, a ring ID, and an output destination
port, ,bas on the.destinati on.MAC address .of .the
Poput 4P e 3B B e R A R grod 28 set foreh
ipomfilngmr #Ag whepemni ng tree with respect to said
pa”iéh'aekﬁﬁié’c ggigggg to the spanning tree’

an S

pr ot ocof’ 1 tran rring a frame, a TTL manager
f unct RoRestipatiopmiMi§ address i frebd Whichadgscribes the
dédsseandiba Mae buawesBy bhg TTL, and 35 a function of
connect i na}lgalg tree mapager function of managing the

f

spannffig BUbf PRt set¥eidr tWRiChetdRFIEHGF sy output
des20naRREnfpamte coranshendingctd ehetdesiglati od nh0alddress.
port for putting the output ports to the self-parti al
network together. 52. The spanning tree configuration
progr&kh-as set 5 forfthe spadinding 49eevieniiguisat torf Method
a%?i%@&ePf,cff{'PlCti'no%l%QH'P%!3§e%o?np}-ﬁlsi‘iﬁe.cker function of

di scarding the frane with réeference to a TTL val ue,

and a2Tefd I sFeR O iRt T BN ORI WP AgShdpptien port

winth susraid one®f $hbd TTha¥8iH®. network, based on an
identification tag of an input frame,

amultiphase tree manager step of confiquring a spanning
tree with respect to 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 ports to the self-partial network together.

43. The spanning tree configuration method as set forth

in any one of claim 33 through c¢laim 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
in claim 43, wherein

said failure detecting step comprises

a signal separating step of separating the keep alive

frames from the other £frame, and
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10 53. A spanni.ng tree configuration program which
runs on each node formng a spanning tree on a network
connecting a plurality of nodes, conpri sing:
“configuring a partial net work- by at | east four nodes
15 acconmmodating no term nal and connecting two
different networks through a plurality of nodes
belonglng to both said network and said partia
net woft k KegPf itV ns dHNadnfiang g Wy /meeedivigien step of
t_s.aﬁamaalhgeandwéae&%ag%hbokteaﬁ aghbePaihinal .
networ k and adj acent sai 20 network, a transfer
function of determi ning an out put desti nati on port

wi th 4Bspertie ts@a&ﬂildgplaﬂ‘éé TonTdigieialeiohaneth®d ag set forth

.gdestinati,gn address of the |nput franme, a tree
l%aﬁgaég ngFlgﬁa&P an&HPFﬁ& 129 spanning tree 25

Wit h adgeitingstep efpantt ihg odifwoid poatcor ditrigne of domble
£3R3QRNg tree protocol and transferring a frane, and
a BPDU identifying function of determning a tree
manager function of an output destination of an input
BPDU fgame aCCOfd'n@&k@s@ﬁnh@%@ttééércoﬁgﬁéﬁhaﬂlﬁh:method
spannl tree confi,guration ramas set “forth in
ag| §eh %%r ﬁ & BPI§8Ir TG ng function
C orrpr Bsasart erdsﬂép fdfecﬂe{:dks)ﬁmihiﬁg ahmﬁpW?Gétlnation port
ert ta 5.a gs..0 S
ent| y|n Q: éﬁgﬂ%na gt t?% ctP %ﬁd Lfffd an
hdm@ﬁmﬂmqgtuma Gﬁﬂh@fmeﬂnunpuﬁ ﬁmwm&ﬂng the tag or

amultiphase tree manager step of configuring a spanning
tree with respect to said 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

a tree controller step of determining a state of a port
according to the spanning tree protocol,

a BPDU transmitting/receiving step of transmitting and
receiving a control signal (control signals) of the spanning
tree protocol, and

a port blocking step of closing or opening a port.

48. A spanning tree configuration program
which runs on each node forming a spanning tree on a network
connecting a plurality of nodes, comprising the following
functions of:

confiqguring a partial network by at least four nodes

accommodating no terminal and connecting two different
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the bit (tags or bits) used for identifying the tree
manager function. 5 55. The spanning tree

- configuration programas set forth in any one of

clai m 49 through 54, conprisfng an address | earning
function of creating a table for determ ning an

out put destination port by using the destination MAC
address as a key, based on an input port and 10 an
netwpuks souraegiVikC pdddradsisyob £t hedeedss Vel g fb!iﬁ;hh said

a e gyLat| program as set ort

ngﬁ%gﬁﬁ Qﬁg Qa%g §gﬁgﬁég|§e aB? Sﬁgrlses 15 a

dest | ARE HIIMNTY aeltid aBaNAg Bhgl avH EENIHEET titees Wwilkh respect
€808 hendbl 2o AE; 89008ERor AN dndN 84ERUKPOE] af hEkdork.

whi ch descri bes an out put estination

corresponding to the destination NMAC address 20 57.

- The spanni ng tree Coﬁﬁﬂ&ggﬁéﬁhﬁﬂgI%&‘é@r@@@lfféuﬁﬁléﬁbtrl&gram

ai_m transfer function of

aaeFSFnFﬂFﬁﬁ éﬂ gg?ﬁ@tqgestﬁﬁFﬁéﬁngport with respect
t 0 saadreanstfieal farttbok ofbhdsedrainbing andedt bt cristdmation

ppRE Yidl re8ech P8 ' BHLLLRICHebIGS: TP BAgE on o

uncti1on o nAiAg tree
§t§aﬁ§lﬁarﬂﬁﬁladéﬁﬁ@ﬁkOfa©00ﬂdPng fremeheasﬁannlng

tree Hrﬁ@é%add&g&/@%dﬂ% bl Eéﬁf_‘i?guf:iiﬂgoé d;ﬁat}?nlng tree

|n ut frame un¢tion of conneCtin
PR ko S RaE B Lo LIt PRt BRCARALEE S FhaRERRRing

‘tteacpu:omobba.oagh & ransifealr ipef ta Feameputting the

out put ports to the self-partial network together. 58.
The spanning tree configuration programas set forth
in an$0eneThe epannisys ttwrerighonf hgurdbiandpecbgrambas set
forth in claim 49, comprising

a function of connecting said tree manager function of
managing the spanning tree of the self-partial network and said
transfer function through a virtual port for putting the output
ports to the self-partial network together.

51. + The spanning tree configuration program
as set forth in claim 49, comprising:

the +transfer function of détermining an output
destination port with respect to 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
poxrt, based on the destination- MAC address of the input frame,

the tree manager function of configuring a spanning tree
with respect to 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
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35 through claim57, conprising a failure detecting
function of detecting a failure -122- through
transm ssion and recei pt of keep alive frames. 59. The
- spanning tree configurati ohZBrogram as set forth in
claim58, wherein 5 said failure detecting function
conprises a signal separating function of separating
the keep alive franes fromthe other frane, and a
RRBdjraad veanbsdeal funcirson tthinogabes ofivitng If portifmr phtting

théa8§eba£'gsregdtaeEEgvgagftEsr%§SE ﬁEk%@rﬁrégséthéQ

The spanning tree configuration program as set
forth in claimb58 or clain159 conpri sing a bl ocking

functsmp O'i‘héubbbﬁﬁlﬁf;f tHrite RUtf Bfurhdide pPbglaHbLE set
The spanning tree configuration

fBngréﬂ1c §1@e#9fowpﬁg?ﬁnclaln158 conpri sing: the
tr ansé&idfmtmanagér deqare giohngompr dgéput

destl a n spect _to,said artl net
250 g elL BT of raffifERY, el BrHkL wien
rﬁlﬁerﬁubel phage TiLe & admea gendf @natmomomntr@dmeirglmmglam of

péeee@maagtaaalwabﬁ LRAPEShtERcidbd B@rkp@'T@gtw%&%e

according to the spanning tree protocol in every
identification tag of the input frame, and 25 a tag

0per abgng function ofy igpeeiing e Qﬁirﬁiﬂgﬂ'&aﬂﬂon program
wb&ﬁ tégh%g&%ﬁgﬁéﬁgpgﬁg s %Pangbggnlng tree on a network
connecting a plurality of nodes, comprising:

configuring a partial network by at least four nodes
accommodating no terminal and connecting two different
networks through a plurality of nodes belonging to both said
network and said partial network,

a function of configuring and managing a spanning tree
with respect to the self-partial'network and adjacent said
network, -

a transfer function of determining an output destination
port with respect to said partial network, based on a
destination MAC address of the input frame,

a tree manager function of confiquring a spanning tree
with respect to said partial network, according to the spanning
tree protoceol 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

sald BPDU identifying function comprises

an identifier inserting function of inserting a tag or

a bit (tags or bits) for identifying the tree manager function,
and
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forth in any one of claimb59 through claim®61, wherein
30 said nultiphase tree manager function conprises a
tree controller function of determning a state of a
port according to the spanA£hg tree protocol, a BPDU
transmtting/ ‘receiving function of transmtting and
receiving a control signal (control signals) of the

35 spanning tree protocol, and a port bl ocking

functamridaéntiﬁisémgiairetdpﬂﬁifmca:imf bf-d8BetHig thHwe tag or
t k e t it n.
e HEE F30E R B30, o8 ok "t e R PEP Cny ohF Sty MaRger
fgacuigpannlng tree protocol to a node adj acent to the
self-node 5 and connected to both said partia
network and said other adjacent network, the coherent
MAC adi8r esThef SPROTEEGY & 1R7ICPRELFRFAKIPR cRT OgEaRhES set

fdeshi Rat b9) enel bF SQRLiMOl49S iktFdughC oA, Fonprdkahg) of
said Sga gdr s%r 2 @kgggc%unctlon 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
an output source MAC address of the received frame.

56. The spanning tree 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 48, comprising:

a transfer function of determining an output destination
port with respect to said partial network, based on an
identification tag of an input frame,

a multiphase tree manager function of configuring a
spanning tree with respect to said 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 for

putting the output ports to 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
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-122-

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
of double failure.

61. ' The spanning tree configuration program
as set forth in claim 58, comprising:

the +transfer function of determining an output
destination port with respect to said partial network, based

on an identification tag of the input frame,

the multiphase tree manager function of configuring a
spanning tree with respect to 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
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63. The network system as set forth in claim 16, wherein
- when transmitting a control signal (control signals) of
said spanning tree protocol to a node adjacent to the self-node
‘and connected to both said partial network and said other
- adjacent network,
the coherent MAC address of the above node is transmitted
as the destination of the control signal (control signals) of
said spanning tree protocol.



