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CHANNEL S BACKGROUND OF THE | NVENTI ON The presen*t“ 1 Ve ent'i on
relates to a network systemin which a multiple of nodes are mteri'k‘(’aﬂﬂé&:t
to each other by log- ical paths established in a bus, and relates to a
data trans- fer nmethod which can preferably be enpl oyed in a network system
for transm ssion of MDI (Misical Instrunment Digital Interface) data and
audi o dat a. In a recent AV (Audio Vi sual% stem a rTLI|tI | e of de- vices
can be connect edLOCdadbARBA NETTWORK RIJK 'BA nedi a such
as coaxi al cables, shield cables and par- allel palr cables are used for
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in connecting MDI devices. In order to establish a network in M DI

systens, el ec- CHANNELS

_BACK ND OF THE INVENTION

The present invention relates to a network system in which
a multiple of nodes are interconnected to each other by log-
ical paths established in a bus, and relates to a data trans-
fer method which can preferably be employed in a network
system for transmission of MIDI (Musical Instrument Digital
Interface) data and audio data.

In a recent AV (Audio Visual) system, a multiple of de-
vices can be connected to each other to form a network. The
connection media such as coaxial cables, shield cables and par-
allel pair cables are used for connecting electronic devices to
each other. The situation is the same as in connecting MIDI
devices. In order to establish a network in MIDI systems, elec-
tronic musical instruments are interconnected to each other
by the coaxial cables, shield cables and so on. As described
above, in the current MIDI systems (or electronic music envi-
ronments employing MIDI), inter-device paths are composed

of a network topology structured by the physical connection



troni c-nmusi cal instrunments are interconnected to each other by the coaxi al
cables, shield cables and so on. As described above, in the current MDl
systens (or electronic nusic envi- ronnents enploying MDI), inter-device
pat hs are conposed of a network topology structured by the physical
connecti on media, so that it ig troublesone to restore the sane
network configuration in another place. Further in such a network, the
connection cables , tend to be so many lines that the cables occupy a large
space, and remﬁél&,ngovmat ithisr dpoublespanedoarestgrerthe same aigtwork e di s-
connected. Thus, there is proposed a network architecture in which miltiple
devices are coondigumtion éncanotlver pléceugh a single cable, by which data
are exchanged anong the devices. The protocol l|ayer structure in such a

net wor k ar chi t ecFurthérs ishayeh i detgrork, 3the Tomrivicticts ablay Sensd tgct ure is
com prised of a physical layer 102, a link layer 103, a transaction |ayer
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re-cabling work thereof is painstaking once the cables are dis-
connected. Thus, there is proposed a network architecture in
which multiple devices are connected to each other through a
single cable, by which data are exchanged among the devices.
The protocol layer structure in such a network architecture
is shown in Figure 35. The protocol layer structure is com-
prised of a physical layer 102, a link layer 103, a transaction
layer 104, and a serial bus manager 101. The physical layer
102 defines a physical interface interconnecting nodes, carries
out conversion between an electric signal and logical symbols
which can be handled by the link layer 103. The electric sig-
nal is transferred through various serial bus media. In the
architecture, the single physical layer 102 can transfer data by
certain bus arbitration. In other words, the multiple nodes
never transmit data simultaneously. The link layer 103 takes
in charge of addressing node to node, data check and data
framing, to thereby provide one-way data transmission ser-
vice for the transaction layer 104. The data transmission is
acknowledged by an ACK signal from a data recipient node.

The link layer 103 also provides an isochronous transmission



out conversion between an electric signal and |ogical synbols which can be
handl ed by the |ink |ayer 103. The electric sig- nal is transferred through
various serial bus nedia. In the architecture, the single physical |ayer
102 can transfer data by certain bus arbitration. In other words, the
mul ti pl e nodes never transmt data sinultaneously. The |ink |ayer 103 takes
I n charge of addressing node to node, data check and data framng, to

t her eby provide one-way data transni ssion ser- vice for the transaction

| ayer 104. Thelederibead daten. sEhentriansackionvlzyiee i04yprovider intgralode om a
data recipient node. The link |ayer 103 al so provides an isochronous

transmi ssion transaction service (request-response pro8ocobseéddrasnénded, The
transaction |ayer 104 provides inter-node trafsaction service
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not provide agyr). However the transaction layer 104 does not provide any
service for isochronous data. The serial bus manager 101 is
an entity administrating the CSR which represents facilities of
each node. The serial bus manager 101 carries out centralized
administration of isochronous channels and frequency bands of
the data within the local bus.

In the isochronous transmission, a bus cycle of 125 usec is
normally used so that a node having an isochronous channel
can transmit one data packet within one cycle through a band
allocated for the node. Further in the isochronous transmis-
sion, a packet is not addressed to a unique node, but a packet
labeled by an isochronous channel number is broadcasted to
all the nodes. In each node supporting the isochronous trans-
mission, each reception of the isochronous packet is all notified
to the link layer 103. The link layer 103 determines whether
the transferred data packet should be accepted or not accord-
ing to the channel number associated with the packet. Such a
network architecture is proposed, for example, in IEEE P1394
“High Performance Serial Bus Standard”. In the network ar-
chitecture, the plural nodes are just required to connect with

a single cable in the physical level. In the isochronous trans-



servi ce for isochronous data. The serial bus nmanager 101 is an entity

adm nistrating the CSR which represents facilities of each node. The
serial bus manager 101 carries out centralized adm nistration of

I sochronous channel s and frequency bands of the data within the |ocal bus.
I'n the isochronous transm ssion, a bus gcycle of 125 [err]sec is normally
used so that a node having an isochronous channel can transmt one data
packet within one cycle through a band al]ocated for_the node. Further in
t he i sochr onomissioamsaitranssuifter aaske kbtains aochanuelsuunbes andnaque
node, but a packet |abeled by an isochronous channel nunber is broadcasted
to all the nbdag a$ reseutcesdide datzpbrazismissien iinoadvameeswhilna-reri ssi on,
each reception of the isochronous packet is all notified to the link Iayer

103. The | i nkcépeendde siricefied acshahatheumbee tor eesdiee rdstalfitampgcket
shoul d be accepted or not accord- ing to the channel nunber associated with
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broadcasted from a transmission port of the transmitter node
can be received by a unique receiving port of the receiver node.
As described above, the link layer 103 determines whether each
transmitted isochronous packet should be accepted or not. The
accepted packet is handed to an upper layer of the protocol
layer structure. In such a network architecture where a certain
transmission band must be secured in the isochronous trans-
mission, transfer of discrete data such as a MIDI message may

not be effective because the obtained band is not fully utilized,

so that it is difficult to maximize the network usage efficiency.
MMARY THE INVENTI

A purpose of the present invention is to provide a network
architecture and a data transmission method by which the
maximum network usage efficiency can be realized even in case
that the discrete data is transmitted.

Another purpose of the present invention is to provide a
network architecture in which resetting or recohﬁguration of
the network can be automatically executed even in case that

a node is newly installed or removed while the network is in



"H gh-Performance Serial Bus Standard". In the network ar- chitecture, the
plural nodes are just required to connect wwth a single cable in the

physi cal level. In the isochronous trans- m ssion, a transmtter
node obtains a channel nunber and a band as resources for data

transm ssion in advance, while a re- cgj ver node specifies a channel nunber
to receive data froma corresponding transmtter node. Thus, the

i sochronous packet broadcasted froma transm ssion port of the transmtter
node can be r@pefatddnby a uni que receiving port of the receiver node. As
descri bed above, the link |layer 103 determ nes whether each transmtted

i sochronous paclkedcorddnpdtdehaciepirtion] analetwdk systephacbmpprksss as handed
to an upper |ayer of the protocol layer structure. In such a network

oo 5Lt Yt genics congpemcabien G glofer s il
hessage My  jnformation and to transfer data, and a bus provided for con-
nection to the nodes and for configuration of logical paths to
logically link one node to another node so as to secure transfer
of the data. Each node has at least one port which is allocated
for accessing the bus and which is classified into four types
of an isochronous talker, an isochronous listener, a multicast
talker and a multicast listener. Each node binds an isochronous
channel number and a communication band to the isochronous
talker when the same is allocated for isochronously transmit-
ting the data labeled by the bound isochronous channel num-
ber to the bus through the bound communication band. Each
node binds an isochronous channel number to the isochronous
listener when the same is allocated so that the isochronous
listener can exclusively receive data transmitted from another
isochronous talker allocated to another node if the transmit-
ted data is labeled by the same isochronous channel number
as that bound to the isochronous listener. Each node binds
a multicast channel number to the multicast talker when the
same is allocated for asynchronously broadcasting data labeled
by the bound multicast channel number to the bus. Otherwise,

each node binds a multicast channel number to the multicast



not be effective because the obtained band is not fully utilized, so that
it is difficult to maxim ze the network usage efficiency.

SUMVARY OF THE | NVENTI ON A purpose of the present inventionis to
provide a network architecture and a data transm ssion nethod by which the
maxi mum net wor k usage efficiency can begrealized even in case that the
discrete data is transmtted. Anot her purpose of the present invention
is to provide a network architecture in which resetting or_reconfjiguration

of the networlistenerbwhen éhet samne is ellocated sovdhat thexzaultieastalisode i s

newy installed or renoved while the network is in

5 operati on. tenesc candexglusivehe receivet data trarsmititieds frommanother ses a
multicast talker allocated to another node if the transmitted
data is labeled by the same multicast channel number as that
bound to the multicast listener.

In a specific form, a transmitter node having either of the
isochronous talker and the multicast talker operates when the
logical paths are reset for broadcasting talker information rep-
resentative of resources including an isochronous channel num-
ber, a communication band and a multicast channel number,
which may be newly bound, respectively, to the isochronous
talker and the multicast talker upon resetting of the logical
paths, while a receiver node having either of the isochronous lis-
tener and the multicast listener operates when the broadcasted
talker information is received for newly binding resources in-
cluding an isochronous channel number and a multicast chan-
nel number to the isochronous listener and the multicast lis-
tener to thereby restore the logical paths. Further, the re-
ceiver node saves path information representative of the logical
paths and newly binds the resources according to the broad-
casted talker information and the saved path information to
ensure correspondence between the resources of the receiver

node and the resources of the transmitter node in .terms of the

isochronous channel number and the multicast channel num-



plurality of nodes comunicable with one another to exchange information
and to transfer data, and a bus provided for con- nection to the nodes and
for configuration of |ogical paths to logically |link one node to another
node so as to secure transfer of the data. Each node has at |east one port
which is allocated for accessing the b and which is classified into four
types of an isochronous tal ker, an isochronous |istener, a nulticast talker
and a nulticast listener. Each node binds an isochronous channel nunber and
a communi catibarband to the isochronous tal ker when the same is allocated
for isochronously transmt- ting the data |abeled by the bound i sochronous

channel num bednt anbbhebupadifio uigrn heakbhunddeohes na cedsmmmuhicatiobach node
bi nds an i sochronous channel nunber to the isochronous |istener when the

same is al | ocgt@fiteetureaiconiposedcdf Protochl Slagees erludired Usi ti@ink-r ecei ve

data transm tted from anot her isochronous tal ker aI | ocated” to anot her node
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isochronous listener, a multicast manager for acquiring multi-
cast resources and binding the acquired multicast resources to
either of the allocated multicast talker and the multicast lis-
tener, and a path information manager cooperating with the
isochronous manager and the multicast manager for providing
an upper protocol layer with a service to set the logical paths
and to manage the set logical paths.

In a further specific form, a transmitter node is allocated
with both of the isochronous talker and the multicast talker
such that the transmitter node repeatedly carries out a trans-
fer cycle containing isochronous transmission of data by the
isochronous talker and asynchronous broadcasting of data by
the multicast talker, and such that the transmitter node dis-
tributes the data each transfer cycle to either of the isochronous
talker and the multicast talker according to property of the
datd and availability of the isochronous talker and the multi-
cast talker. For example, the transmitter node treats mixture

of continuous music data and discrete music data, and dis-



6 listener when the sane is allocated so that the nulticast lis- tener can
exclusively receive data transmtted from another nulticast tal ker

all ocated to another node if the transmtted data is | abeled by the sane
mul ti cast channel nunber as that bound to the nulticast |istener. In a
specific form a transmtter node havimpg either of the isochronous talker
and the nulticast tal ker operates when the | ogical paths are reset for
broadcasting ta] ker information rep- resentative, of, resources ing¢luding an
i sochr onous ciFapHbes rtEWr Cﬁﬁlﬁl}l@%mpcgﬁtfbﬁ%éhﬁ 1806 EOHQUSi'i?ﬁfiﬁr channel
nunber, which may be newl y bound, respectively, to the isochrongus talker
and the mul t i while distributesdherdiseretempusic dasaltodiheamylticast tabkdre a

recei ver node having either of the isochronous lis- tener and the nulticast
| i stener oper at dss séieforttheitbt hedoregaidgy, alckerding bo thei preseatinvenved for
new y binding resources in- cluding an isochronous channel nunber and a

nul ticast chagjon)etirtusitegi¢sl ]%aﬂm @@ﬁfb@a@uﬁﬁhkédmﬁhiﬁrﬂhet netwotl | cast
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lis- tener to thereby restore the |ogical pat Further, the re- ceiver
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bi nds the resdurces according to the broad-“casted tal ker infor I on and
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of the receiver node and theé resources 0O e transmtter no In ternms of

the a logical path can be set between the two devices indepen-

dently from the physical location of the devices, and data can
be exchanged through the logical path. Thus, the data can
be exchanged via the virtual logical path which does not de-
pend on the network topology, so that the connecting sequence
of the devices is never mistaken, and the data can be trans-
ferred reliably. The logical connection can be modified easily
without changing the physical connection of the devices, since
the virtual path is configured logically among the devices. The
virtual path information representative of the logical path con-
figuration is stored in each device connected to the network.
Therefore, all the path information of the whole network sys-
tem can be saved in a memory media, and the same network
system configuration can be restored easily and instantly with
loading the saved path information from the memory media.
Further, the present invention makes it possible to use not only
the isochronous transmission in which the band of the trans-

mission is assured, but also the multicast transmission with



i sochronous channel nunber and the nulticast channel num

7 Dber. I n anot her specific form each node has a comuni cati on
architecture conposed of protocol |ayers including a trans- port |ayer

whi ch contains an isochronous nmanager for acquir- ing isochronous resources
and bi nding the acquired isochronous regsources to either of the allocated

I sochronous ‘tal ker and the isochronous |istener, a nulticast manager for
acquiring nmulti- cast resources and binding the acquired multicast
resources to wilibhrdatatdan dvé¢ deansmitted iamsiemahﬂbrtoaspen:ilﬁm&rxﬂndse ast

lis- tener, and a path informati on nmanager cooperating with the isochronous
manager and tbf thel tiwdépplermodesr Tlnasptleiditagcan beneansfatredotfii-ayer

with a service to set the logical paths and to manage the set | ogical

pat hs. I'n @cféﬁt!ljﬂQIo $REficT Kowotle @séfe%é?dﬁﬂé & §@ﬁé€aﬂeﬂ.th9ﬁ]§éﬂd wi th
both of the isochronous talker and the nmulticast tal ker such that the

transmtter n t r i.es+iout | taipl NG
i sochr onous t?gﬁs%ﬁﬁ?o%ﬁo%l sﬁ%{halagyt}t?ﬁemnr Wta bAd EHE! SubiY daty,
which requires real time transmission, can be transmitted effi-

ciently.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram illustrating data com-
munication in an mLAN according to the present invention.

Figure 2 is a schematic block diagram illustrating protocol
layer structure in the mLAN according to the present inven-
tion.

Figure 3 is a schematic block diagram illustrating multicast
transmission in the mLAN.

Figure 4 is a table diagram showing a format of a path
information table. |

Figure 5 is a table diagram showing a format of a node
information table.

Figure 6 is a table diagram showing a format of a multicast
information table.

Figure 7isa tabie diagram showing a format of an isochronous

~ information table.

Figure 8 is a table diagram showing a format of a port in-



i sochronous tal ker and asynchronous broadcasting of data by the nulticast
tal ker, and such that the transmtter node dis- tributes the data each
transfer cycle to either of the isochronous talker and the nulticast talker
according to property of the data and availability of the isochronous
talker and the nulti- cast tal ker. Forjgxanple, the transmtter node treats
m xture of continuous nusic data and discrete nusic data, and dis-

tributes the gontinuous nusic data to the i sochronous talker while

di stributes tHIBAtEEAtRYIsic data to the multicast talker. As set forth
in the foregoing, according to the present_inven- tion, virtual | ogical

pat hs can be co%?li&uﬁea 8 ahtablendiagramr shopingnai forapat defhal Yalkesm t he
physi cal connection topology. If two nodes or devices are connected to the
net wor k syst einfoanhaigbnatepatting gradletset bet ween the two devi ces indepen-
dently fromthe physical |ocation of the devices, and data can be exchanged

|01 Al path whi G oes not der pond on the metvert forsl sty o tRat  the
connecting segygBe@ures of isochronous resources by an isochronous man-
ager.

Figure 11 is a flowchart illustrating the isochronous resources
binding procedure.
~ Figures 12(a) and 12(b) are flowcharts illustrating isochronous
data entry and isochronous transmission procedures by the
isochronous manager.

Figures 13(a) and 13(b) are flowcharts illustrating isochronous
data reception and talker duplication detection procedures by
the isochronous manager.

Figure 14 is a flowchart illustrating talker information up-
date procedure by the isochronous Iria.nager.

Figure 15 is a flowchart illustrating bus reset handling pro-
cedure by the isochronous manager.

Figure 16 is a flowchart illustrating bus reset complete no-
tification receiving procedure by the isochronous manager.

Figure 17 is a flowchart illustrating acquiring and binding
procedures of multicast resources by a multicast manager.

Figure 18 is a flowchart illustrating the binding procedure

of the multicast resources by the multicast manager.



of the devices is never mstaken, and the data can be trans- ferred
reliably. The | ogical connection can be nodified easily w thout changing

t he physi cal connection of the devices, since the virtual path is
configured logically anong the devices. The virtual path information
representative of the logical path con-,figuration is stored in each device
connected to the network. Therefore, all the path information of the whole
network sys- temcan be saved in a nmenory nedia, and the same network

syst em confi gur dfignrecdf isearftowohart slustnatinmg mndticast yransmissioni ng t he
saved path information fromthe nenory nedia. Further, the present

i nventi on makpsotedpoe Hplthetmultieasptmanbgetrhe i sochronous transmission in
whi ch the band of the trans- mssion is assured, but also the multicast

transm ssion w t]F\i%ure 20 is aMbeiehdat dllesbraiin g tichk e deosi vigFamb-t 0
specified ones of The nmultiple nodes. Thus, the data can be transferred

effi- cientl t ; ata i s generated. Further, the
Y cB8utre e’lsll\lﬂ@%tgﬂ%agt %gh@ﬁgeﬂ g

nmusi ¢ data such as t DI data an audi o data, which requires real

time transm ssi oo 5N oleidt L MSHChhet iRlibtrating talker information up-

date procedure by the multicast manager.

Figure 22 is a flowchart illustrating bus reset handling pro-
cedure by the multicast manager.

Figure 23 is a flowchart illustrating bus reset complete no-
tification receiving procedure by the multicast manager.

Figure 24 is a flowchart illustrating path configuration pro-
cedure by a PIM.

Figure 25 is a flowchart illustrating data transmission to a
path by the PIM.

Figure 26 is a flowchart illustrating path release ~procedure
by the PIM.

Figure 27 is a flowchart illustrating bus reset handling pro-
cedure by the PIM.

Figure 28 is a flowchart illustrating unsuccessful event noti-
fication procedure by the PIM.

Figure 29 is a flowchart illustrating talker information up-
date procedure by the PIM. |

Figure 30 is a flowchart illustrating port information inquir-

ing procedure by an NIM.



cirently. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a

schematic block diagramillustrating data com nunication in an nLAN
according to the present invention. Figure 2 is a schematic bl ock di agram
illustrating protocol |ayer structure in the nLAN according to the present

I nven- tion. Figure 3 is a schematic pjock diagramillustrating multicast
transm ssion in the nLAN. Figure 4 is a table diagram show ng a fornmat o;
a path informatigp table., FEigure 5.is a table diagramshowi ng a format o
a ﬁode i nf or mat iﬁtgt@%ﬁaﬁé.ls a fiowghartallustrating handhiggpreeedire) of af or mat

of a multicast infornmation table.  Figure 7 is a table diagramshow ng a
format of an itatker informationr reponing gcket by RbguNdM. i s a tabl e di agram
showing a format of a port in-

Figure 32 is a flowchart illustrating bus reset handling pro-
cedure by the NIM.

Figure 33 is a flowchart i]lustraﬁing bus reset complete han-
dling procedure by the NIM.

Figure 34 is an example of a data transfer cycle structure in
the mLAN according to the present invention.

Figure 35 is a schematic block diagram illustrating a proto-
col layer structure in a conventional network system.

Figure 36 is a schematic block diagram showing another

embodiment of the inventive mL AN.
DETAILED DESCRIPTION OF THE INVENTION

A network system in the form of a mLAN (musical Local
Area Network) according to the present invention will be ex-
plained hereunder in the order listed below:

1. Overview of mLAN

1.1 Overview of data communication

1.2 mL AN protocol layer structure

1.3 mLAN transport layer

1.4 Addressing in data transfer

1.4.1 Path

1.4.2 PIM (Path Information Manager)



10 formation entry. Figure 9 is a table diagramshowing a format of a
tal ker information reporting packet. Figure 10 is a flowchart
illustrating acquiring and binding procedures of isochronous resources by
an i sochronous man- ager. Figure 11 is a flowhart illustrating the
I sochronous resources binding procedurf Figures 12(a) and 12(b) are
flowcharts illustrating i sochronous data entry and i sochronous transm ssion
procedures by the _isqchronous nager. ,_ Figures 13(a) and 13(b) are
flonwcharts iil&stabANgransporsdayer spesifieatdpni on and tal ker duplication
detection procedures by the isochronous nanager. Figure 14 is a
flowchart illust2aliServieescby indfANvdransport layert e procedure by the
i sochronous manager . Figure 15 is a flowhart illustrating bus reset
handl i ng pro- 2.1.1 Port

2.2 Structure of mLAN transport layer

2.3 Isochronous transfer service

2.3.1 Isochronous manager

2.3.2 Acquiring and binding isochronous resources

2.3.3 Binding isochronous resources

2.3.4 Isochronous data transmission

2.3.5 Isochronous data reception

2.3.6 Detecting talker duplication

2.3.7 Communicating with lower layer

2.3.8 Communicating with PIM

2.3.9 Bus reset handling

2.3.10 Talker information modification

2.3.11 Communicating with NIM

2.4 Multicast transfer service

2.4.1 Multicast manager

2.4.2 Acquiring and binding multicast resources

2.4.3 Talker information update

2.4.4 Multicast data transmission

2.4.5 Binding multicast resources

2.4.6 Multicast data reception

2.4.7 Communicating with lower layer



cedure by the isochronous manager. Figure 16 is a flowhart
Illustrating bus reset conplete no- tification receiving procedure by the
i sochronous manager . Figure 17 is a flowhart illustrating acquiring
and bi ndi ng procedures of nulticast resources by a multicast manager.
Figure 18 is a flowhart illustrating fle bi nding procedure of the

mul ticast resources by the nulticast manager. Figure 19 is a

flowchart illustrati mul ti¢ast trap ion procedure by the mnulticast
manager . Fi gur?ezzé) '@Iﬁnﬂnmﬁmwlﬁlnt) ati ﬁg mul ti cas%/ receiving pro-
cedure by the nulticast nanager . Fi %l;re 21 is a flowchart illustrating
tal ker informat i2d.QfomanunpraiingwittoNiMe mul ticast manager.  Figure 22
is a flowchart illustrating bus reset handling pro- cedure by the multicast
nmanager . 2.4.10 Bus reset handling

2.5 PIM (Path Information Manager)

2.5.1 Path setting

2.5.2 Data transmission to path

2.5.3 Releasing path

2.5.4 Bus resetting, talker information handling, and unsuc-
cessful event notification

2.5.5 Communicating with NIM

2.6 NIM (Node Information Management)

2.6.1 Port information inquiry

2.6.2 Talker information reporting packet handling

2.6.3 Communicating with lower layer

2.6.4 Bus reset handling

2.7 mL AN transport layer facility

2.7.1 Path information table

2.7.2 Node information table

2.7.3 Multicast information table

2.7.4 Isochronous information table

2.7.5 Port information entry

2.7.6 Tﬂker information reporting packet

2.8 mLAN cycle structure

2.9 Using multicast transmission and isochronous transmis-



Figure 23 is a flowhart illustrating bus reset conplete no- tification
recei ving procedure by the nulticast nanager. Figure 24 is a flowchart
illustrating path configuration pro- cedure by a PIM Figure 25 is a
flowchart illustrating data transm ssion to a path by the PIM Figure 26
Is a flowmhart illustrating path rel eas&procedure by the PIM = Figure 27
Is a flowmhart illustrating bus reset handling pro- cedure by the PIM
Figure 28 is a flowhart illustrating unsuccessful event noti- fication
procedure by shen Pl M Figure 29 is a flowhart illustrating talker
I nformati on up- date procedure by the PIM Figure 30 is a flowchart
il lustrating por2. l0hPdugeandrplayqui r- ing procedure by an NIM
12 Figure 31 is a flowhart 1llustrating handling procedure of a tal ker
i nformati on rgpoQkidtgidRcdeinloaNhe NI M

1.1 Overview of data communication

Figure 1 illustrates data communicating operation in the

mLAN. As shown in Figure 1, nodes #1 and #2, nodes #2

and #3, and nodes #3 and #4 are, respectively, mutually con-

nected to each other through physical cables. A talker (trans-

mission) port and a listener (recipient) port are defined as a

logical entity in each node. These ports constitute a top access

point which can be accessed directly from a host application in

each node. In the network system of the present invention, vir-

tual data paths (logical paths) are established between a pair

of ports, so that data can be transferred through the virtual

paths.

In case that the virtual paths are formed as shown in Figure

1, the node #1 can transmit data to the node #4 through the

virtual path between the talker port 1-T1 of the node #1 and

the listener port 4-R2 of the node #4. The node #3 can send

data to the nodes #1, #2, and #4 through the virtual paths

established between the talker port 3-T1 of the node #3, and

those of the listener port 1-R1 of the node #1, the listener port

2-R1 of the node #2, and the listener port 4-R1 of the node

444,



Firgure-32 is a flowhart illustrating bus reset handling pro- cedure by the

NI M Figure 33 is a flowhart illustrating bus reset conplete han- dling
procedure by the NIM Figure 34 is an exanple of a data transfer cycle
structure in the mLAN according to the present invention. Figure 35 is a
schematic bl ock diagramillustrating a groto- col layer structure in a
conventional network system Fi gure Is a schematic bl ock di agram
showi ng anot her enbodi ment of the inventive nLAN. DETAI LED DESCRI PTI ON

OF THE | NVENTI ONIn the meb.AdNk thgsisechronons transmisswmisspesified s Local
Area Network) according to the present invention wll be ex- plained

her eunder in tdie of tiendrnidséon eéthvods,. byowdiichergadftimerdata transnés-vi ew of
data conmmuni cati on 1.2 nmLAN protocol |ayer structure 1.3 nmLAN transport

layer 1.4 Addorsimbel accbrhplishedsbgracquirthgl afeédessaty bah®PiM{dat h

I nf or mati on Manager) _
vance to control signal delay. However, the isochronous trans-
mission occupies the band continuously, so that the isochronous
transmission does not function efficiently for transmitting dis-
crete data such as MIDI messages. Thus, in addition to the
isochronous transmission, there is introduced in the mLAN an
asynchronous multicast transmission, by which data can be
transmitted from one node to a multiple of other nodes. The
data can be transmitted from one node to other nodes by both
of the isochronous transmission and the multicast transmission.
A “channel” concept is also introduced for the asyﬁchronous
packet transmission in the mLAN.

The introduced asynchronous multicast transmission is a
sort of “listener initiative” in which a listener (recipient) selec-
tively receives a packet broadcasted by a talker (transmitter).
In this method, a single band can be utilized efficiently since
a common packet may be well transmitted if the same mes-
sage should be sent to multiple destinations. Further in this
method, the packet selection is under the control of the listener,
so that work load of thé talker never changes even when the
number of the receiving nodes is increased. Thus, devolving

a large part of the data transfer control to listeners, the work



13 2. nLAN transport |ayer specification 2.1 Services by nmLAN transport
| ayer 2.1.1 Port 2.2 Structure of nmLAN transport |ayer 2.3

| sochronous transfer service 2.3.1 I sochronous nanager 2.3.2 Acquiring
and bi ndi ng i sochronous resources 2. 3.3 Binding isochronous resources
2.3.4 Isochronous data transm ssion 273.5 Isochronous data reception
2.3.6 Detecting tal ker duplication 2.3.7 Comrunicating with | ower | ayer
2.3.8 Communicating with PIM = 2.3.9 Bus  reset handling 2.3.10 Tal ker

i nformation nodid ot dalkers can e decoensed, and rgalitimenpearformanogibfi cast

transfer service 2.4.1 Multicast manager 2.4.2 Acquiring and bindi ng
mul ticast resthe deta tr2nkmdisEidik@an beamptowved.update  2.4.4 Ml ticast
data transm ssion 2.4.5 Binding nulticast resources

1.2 mLLAN protocol layer structure

Figure 2 shows an example of the mLAN protocol layer
structure. Figure 2 illustrates the protocol layer structure of
the inventive mLAN corresponding to OSI (Open System Inter-
connection) reference model. The protocol layer structure can
be divided into a lower layer infrastructure and an upper layer
infrastructure. The lower layer infrastructure corresponds to
the first to fourth layers of the OSI reference model, while the
upper layer infrastructure corresponds to the fifth to seventh
layers of the OSI reference model. Means to exchange messages
between applications is specified in the lower layer infrastruc-
'ture, while contents of the message are specified in the upper
layer infrastructure. The lower layer infrastructure establishes
logical paths and provides end-to-end transmission service for
the upper layers. The upper layer infrastructure defines se-
mantics of the messages and specifies application services to
utilize the messages.

The upper layer is comprised of mLLAN protocols 11 cor-
responding to the presentation layer (OSI sixth layer) 26, and
an mLAN application 12 correspondiﬁg to the application layer
(OSI seventh layer) 27. The functions implemented in the ses-

sion layer (OSI fifth layer) 25 are carried out by the lower layers



2.4.6 Miulticast data reception

14 2.4.8 Communicating with PIM 2.4.9 Communicating with NIM
Bus reset handling 2.5 PIM (Path I nformation Manager) 2.5.1 Path

setting 2. 5.
Bus resetting,

notification
Managenent )
reporting pac

tal ker informati on handli#g, and unsuc- cessful event

2.4.7 Comunicating with | ower |ayer

2 Data transm ssion to path 2.5.3 Rel easing path 2.

2.4.10

5.4

255C0mmn|cat|ng with NI M 26NIM(N0deIn]1:ormation
r tion ing |ry Tal ker jinfaqrmation
klél@ﬁhé Fi‘i@ m&a‘@f@ﬁﬂﬁm ayer AQ,\ﬁptﬂilafotm m up2. 6. 4

Bus reset handlin

per ?a,yer infrastructure has no layer corresponding to the ses-

sion layer 25. The group of the mLAN protocols 11 specifies
various supplemental control mechanisms to enable effective
transmission of musical information, and provides various data
formats and communication protocols. The protocols include
a MIDI transfer protocol, a Digital Audio transfer protocol
and so on. The mLAN application 12 utilizes a data exchange
method defined by the mL AN protocols 11.

The lower layer infrastructure is comprised of an mLAN
transport layer 10 corresponding to the transport layer (OSI
fourth layer) 24, a transaction layér 3 corresponding to the
network layer (OSI third layer) 23, a link layer 2 corresponding
to the data link layer (OSI second layer) 22, a physical layer 1
corresponding to the physical layer (OSI first layer) 21, and a
node controller 4.

lIn the mL AN transport layer 10, a sub-address called “port”
is defined to achieve a port-to-port data communication, and
to absorb difference of the specification in the lower layer. The
mLAN transport layer 10 also provides a common service inter-
face independent on the specification of the lower layer for the
mLAN upper layer. Thus, if there are lower layers structured
based on different standards, the mL AN transport layer 10 is
provided for each lower layer. In the mLAN transport layer



2.7 ntAN transport layer facility 2.7.1 Path information table 2.7.2

Node information table 2.7.3 Multicast information table 2.7. 4

| sochronous i nformation table 2.7.5 Port information entry 2.7.6 Tal ker

i nformation reporting packet 2.8 MLAN cycl e structure 2.9 Using

mul ti cast transm ssion and isochronousigransm s-

15 sion 2.10 Plug and play 1. Overview of mLAN 1.1 Overview of data

comuni cati on Figure 1 illustrates data comuni cating operation in the
10, there are defined a PIM (Path Information Manager) 8, an
isochronous manager 7, a multicast manager 6, a transaction
manager 5 and an NIM (Node Information Manager) 9.

In the physical layer 1, a physical interface interconnecting
multiple nodes is specified, and the physical layer 1 carries out
conversion between an electric signal and logical symbols which
can be handled by the link layer 2. In the mLAN, normally a
cable is used for physical connection.

The link layer 2 takes in charge of addressing node to node,
data check or examination, and data framing so as to provide
one-way data transfer service for the transaction layer 3. The
data transmission is acknowledged by an ACK signal from the
data recipient. The link layer 2 also provides an isochronous
transmission described later.

The transaction layer 3 provides inter-node transaction ser-
vice (request-response protocol) recommended, for example, by
IEEE 1212 CSR (Control and Status Register) architecture.
The node controller (which corresponds to the serial bus man-
ager) 4 is an entity administrating the CSR which represents
facilities of each node.
1.3 mLAN transport layer

In the mLAN transport layer 10, the sub-address called

“port” is defined to achieve port-to-port data communication.

The mLLAN transport layer 10 supports not only the isochronous



MLAN. "As shown in Figure 1, nodes #1 and #2, nodes #2 and #3, and nodes #3
and #4 are, respectively, nutually con- nected to each other through
physi cal cables. A talker (trans- mssion) port and a |listener (recipient)
port are defined as a logical entity in each node. These ports constitute
a top access point which can be accesged directly froma host application
in each node. In the network system of the present invention, vir- tual
data paths (Il ogical paths) _are established between a pair %; gorts, SO

0

that data catraasmissioneanddherasynghnoneus packet tnassastion,

alssse t hat

the virtual paths are formed as shown in Figure 1, the node #1 can transmit
data to the rtheemtdticasbdgansimssion whath jatahdhbsvieansfdreprotdeni twort 1- T1

of the node #1 and

the listener port 4-R2 of the node #4. The node #3 can

send

send data from one port to a multiple of other ports.
1.4 Addressing in data transmission

In the inter-port data transfer by the multicast transmission
and the isochronous transmission, a channel should be bound
to a port prior to the actual transmission. The transmitter
node should obtain a channel number as a resource to transfer
data in advance, while the receiver node specifies a channel
number to receive data from a talker port of the transmitter
node. The channel number is one of the resources allocated
dynamically to transmitting and receiving ports in the data
transfer. A different channel number may be allocated for the
port before and after bus reset by which the paths are initial-
ized. The receiver node specifies the corresponding transmitter
node by means of anode ID. A unique node ID is automatically
allocated to each node upon the bus reset. The user need not
configure the node ID in contrast to SCSI (Small Computer
System Interface) ID allocation. The uniqueness of the node
ID in the local bus is guaranteed by the dynamic allocation by
the physical layer. Thus, the node ID and the channel num-
ber used for addressing are re-allocated upon the bus reset.
The node ID and the channel number may be different before

and after the re-allocation. Therefore, data transfer may not



data to the nodes #1, #2, and #4 through the virtual paths established
between the tal ker port 3-T1 of the node #3, and those of the |istener
port 1-Rl1 of the node #1, the listener port 2-Rl of the node #2, and the
| i stener port 4-Rl of the node #4. 16
In the mLAN, the isochronous transmssjpn is specified as one of

transm ssion nmethods, by which real-tine data transm s- sion can be
acconpl i shed by acquiring a necessary band in ad- vance to control signal
del ay. Howevedre rﬁﬂ@m@dgl©rf@1§h&ﬂgﬁ50f thes pddress apappinge ibanbus
continuously, so that the isochronous transm ssion does not function
efficiently freset osmenmstini the dnkldleref thedsackrorows/ itiicast $pes-  Thus,
in addition to the isochronous transm ssion, there is introduced in the

R e T
“path” is saved in the mLL AN transport layer 10 to restore the
data transfer route, so that the data transfer can be resumed
even when the node ID and the channel number are changed
upon the bus reset. The user does not care for the bus reset.
1.4.1 Path |

The path set in the port which executes the isochronous/multicast
transmission is not connection-oriented, but is a kind of route
information to transfer data to multiple receiving ports. In this
case, the data is transferred in connectionless manner. The
path information is saved in the destination node of the route
and the path is restored by the mLAN transport layer 10 after
the bus is initialized by bus reset or power-on reset accord-
ing to the saved path information. The configured paths é,re
administrated by the PIM (Path Information Manager) 8.

In the isochronous/multicast transmission, a packet is trans-
ferred from a talker port of one source node to listener ports of
plural destination nodes. It would be difficult to transfer data
in real time if the source node resolved the routing due to in-
crease of the computing load of the source ndde. For example, |

if the source node has a list of destinations and a listed desti-

nation node is not found in the network, the source node must



data c¢can be transmtted fromone node to other nodes by both of the

I sochronous transm ssion and the nulticast transm ssion. A "channel"
concept is also introduced for the asynchronous packet transmi ssion in the
nmLAN. The introduced asynchronous nulticast transmssion is a sort of
"listener initiative" in which a listeper (recipient) selec- tively

recei ves a packet broadcasted by a talker (transmtter). In this nmethod, a
single band can be utilized efficiently since a common packet may be wel |
transnitted ifesphe $hewomdingsfysthan,thensemaghbetsimpletsquncedaedesiat i ons.
Further in this nmethod, the packet selection is under the control of the
li stener, so such ase mouselanid &Heythodret forinstancan yelkichveannbémalt he
nunber of the receiving nodes is increased. Thus, devolving a |arge part of

the data trargicateanehity eaolight tmetore pathvidfsrmation for a number
17 load of talkers can be decreased, and real tinme performance of the data

e, L, SRS et TN ranlnfoeksitioh A if 001 2

the destination nodes according to the invention.

As described above, the path information is saved in the
receiver nodes in order to reconstruct the routing after the node

 ID and the channel number is changed by bus reset. Thus, the

path information should be a type of information which is never
affected by the bus reset. The path information may include:

Talker port ID

Talker Node Unique ID

Listener port ID
as illustrated in the table of Figure 4.

The port ID is determined by applications, and Node Unique
ID is hard-coded in a device of the node at the shipping of
the device product. The Node Unique ID is never changed
by the bus reset. Upon bus reset, the mLAN transport layer
10 updates internal path information depending on changes
in the channel number and the node ID in order to provide
the routing resource independent on the bus reset to the upper
layer applications. Thus, applications can resume data transfer
regardless of the bus reset.

1.4.2 PIM (Path Information Manager)



structure. Figure 2 illustrates the protocol |ayer structure of the

I nventive mLAN corresponding to OSI (Open System Inter- connection)

ref erence nodel. The protocol |ayer structure can be divided into a | ower
| ayer infrastructure and an upper layer infrastructure. The | ower |ayer

I nfrastructure corresponds to the firs23to fourth layers of the OS
reference nodel, while the upper |ayer infrastructure corresponds to the
fifth to seventh layers of the OSI reference nodel. Means to exchange
messages bet weell hepBIM §PashsInformadton iManager h8 defimed imghe mhANst r uc-
ture, while contents of the nessage are specified in the upper |ayer

i nf rast ruct urtzangpert damper 18)yisn inddulet adutinistratingbéacih e thegpaths pat hs
and provi des end-to-end transm ssion service for the upper |ayers. The

upper |ayer igefrisstweet o pasiebf prirtse The RIMs8 Hardlesrirsallesatind

specifies application services to utilize the nessages. The upper | ayer

I's conprised MleADh & r es | 4D ot r gsfRhRdd on |ayer
(Csl sixth Iazf/ﬁe(;‘) 26, gd%gﬁﬁ%i?ﬁtg%pwgai@%ﬁ%ﬂ%&c&ﬁﬁe ggﬁdl ng i.[%é’the

mopl o0 W I, PRETS ILAVEEA o Bl 5 SRl FRCTRILAY 11,

paths according to the path information stored in the node,

automatically upon bus initialization procedure caused by ad-
dition or removal of a node device, or upon power-on reset.
The PIM 8 provides a service to set the logical paths among
ports which execute isochronous or multicast transmission for
the upper layer applications. The path information is stored
in the PIM 8 as a path information table shown in Figure 4.
The addition or removal of a physical node device causes a bus
reset. On the bus reset, node ID is dynamically allocated so
that the node ID may be changed before and after the bus
reset. Of course, this node ID change affects node addressing.
The data could not be transferred correctly without reconfigu-
ration. Thus, upon such a bus configuration change, the PIM
8 updates the path information table in order to assure the
correct data transfer. Thus, the upper layef applications need
not care for the Change in the bus configuration. Preferably,
the path information stored in the PIM 8 is retained While.the

power is turned off, and thus the correct paths can be restored

after power-on reset.



I8 including the nLAN transport |ayer 10, so that the nLAN up- per |ayer
I nfrastructure has no | ayer corresponding to the ses- sion |layer 25. The
group of the nmLAN protocols 11 specifies various supplenmental control
mechani snms to enable effective transm ssion of nusical informtion, and
provi des various data formats and commuqi cation protocols. The protocols
include a MDI transfer protocol, a Digital Audio transfer protocol and so
on. The nLAN application 12 utilizes a data,  exchange nethod defined by the
nLAN pr ot ocold mLANtrenspast layerspeeficadioncture is conprised of an nLAN
transport layer 10 corresponding to the transport |ayer (OSI fourth |ayer)
24, a transad.ldBetdyges it mﬂvagmnmmlmgrtlaydre network layer (OSI third

| ayer) 23, a link layer 2 corresponding to the data link |ayer (OSI second

layer) 22, a phT¥iecadl.ANarahsport ket parovid éd ehrdy kinds of ayghs( CS|
first layer) 21, and a node controller 4. In the nmLAN transport |ayer 10,

a sub- addr essy§gHibhberRitds 'fdrStHi@ﬁFgo%gelhgeﬁC TRY thhed 8Etvikes E’ﬂ&fucﬁéét 2 e

comuni cation, and to absorb diffe f the specification int

Ve e T ARk SN BB ST
EA LR R R e R L A AT
the nLAN tr anSpK.tMlﬁ)égast transmission
The multicast transmission is an asynchronous data packet
transfer in which a data packet is transferred from a talker
port to multiple listener ports. The multicast transmission is
specified by the mLAN transport layer 10. In the multicast
transmission, packets are broadcasted to destinations, and an
ACK is never returned. Thus, the transmitter node cannot
recognize whether the data transfer is successful or not, but
frequency bands of the bus can be utilized efficiently.
B. Isochronous Transmission
The isochronous transmission is specified in the link layer
9. Each node secures a band before the same commences the
data transmission to assure a certain signal delay range, so that
the total load of the whole network system is fully controlled.
This transmission method is suitable for situations in which a
constant volume of data is polled periodically, or in which a
data arrival timing must be accurately controlled.

C. Transaction



I9 10, there are defined a PIM (Path Information Manager) 8, an

i sochronous manager 7, a nulticast nmanager 6, a transaction nmanager 5 and
an NI M (Node | nformation Manager) 9. In the physical layer 1, a physical
interface interconnecting nultiple nodes is specified, and the physi cal

| ayer 1 carries out conversion betweerpmn el ectric signal and | ogical
synbol s which can be handled by the link layer 2. In the nmLAN, normally a

cable is used f@,&@physi cal , connecg&. . The link layer 2 takes .in charge
of addressing nédé€ bRBAIGEION A% 2 pcigpnak Peerzia-perer AFnFASSIONani ng so
as to provide one-way data transfer service for the transaction |ayer 3.
The data transethedspecifiadkavthedgansaotion kgiersd grthe transntissiont a
recipient. The link layer 2 also provides an i sochronous transm ssion
descri bed | atierexecut@ddnt comsectiontessayemiterphbonti AGKi/retry fadetionansact i on
ser- vice (request-response protocol) recommended, for exanple, by |EEE

e g M e bt T Cort o

2.1.1 Port

The port is a service access point in the mLAN transport
layer 10, and will be explained hereunder. The upper layer can
access the service provided by the mLAN transport layer 10
through the port. The above-described transmission services
are available only between the ports having particular property.
In other words, a packet cannot be distributed to a port which
is improper for the relevant service. The property of the port
is defined by the resource bound thereto. The resources which
can be bound as the port property can be categorized as listed
below.
A. Transaction Port

A port handling transaction. The transaction port carries
out both of transmitting and receiving of data. An address
within the node is bound as the resource.
B. Isochronous talker

A port handling the isochronous data transmission. An
isochronous channel number and an isochronous bandwidth
are bound as the resources.

C. Isochronous listener



dger) ‘4 is an entity admnistrating the CSR which represents facilities of
each node. 1.3 nlLAN transport |ayer In the nmLAN transport |ayer 10, the
sub-address called "port"” is defined to achieve port-to-port data

communi cation. The nLAN transport |ayer 10 supports not only the

I sochr onous 26 20 transm ssion and the
asynchronous packet transaction, but also the multicast transm ssion which
is a data transfer protocol to send data fromone port to a nultiple of

ot her ports. 1.4 poutbagidling theasechnonons dataneceptionheAnisechponousiat a
transfer by the multicast transm ssion and the isochronous transm ssion, a

channel shoulchdmnéonumber i boundpas bthetresvbhieces:t Thle Kistemer g 0o The
transmtter node should obtain a channel nunmber as a resource to transfer

acaive data Trom o Lo ke port or i ne Ly e e ode The “Chamesl | nunber
I's one of thehhgRAUES hedisteprired
D. Multicast talker

A port bandling multicast data transmission. A multicast
channel number is bound as the resources.
E. Multicast listener

A port handling multicast data receiving. A multicast chan-
nel number is bound as the resources. The listener can receive
a packet labeled by the same channel number as that bound
to the listener.

The transaction in the mLAN transport layer 10 can be rec-
ognized by the level of the transaction layer 3 as a transaction
to the port-bound address. In this method, it is impossible to
access an address location (an entry in configuration ROM, for
example) which is not bound to any port. In order to access
such a resource, the NIM (Node Information Manager) 9 is
provided according to the invention. By issuing a request to
the NIM 9 of a certain node, other nodes can derive node in-
formation (the Node Unique ID, number of ports in the node,
properties of the ports) of the certain node.

2.2 Structure of mLAN transport layer

As described above, the mLAN transport layer 10 is com-



dynami'cally to transmtting and receiving ports in the data transfer. A

di fferent channel nunber nay be allocated for the port before and after bus
reset by which the paths are initial- ized. The receiver node specifies the
corresponding transmtter node by neans of a node ID. A unique node IDis
automatically allocated to each node upgn the bus reset. The user need not
configure the node IDin contrast to SCSI (Small Conputer System Interface)
I D al l ocation. .Th queness _of _the node IDin the |ocal bus is guaranteed
by the dynarriEﬂﬁﬁ(EdggﬁVgﬁﬂﬁﬂqlﬂ-‘élﬁﬁ?@i W.ayer. Thus, the node ID and the
channel num ber used for addressing are re-allocated upon the bus reset.
The node | D and&.hksochaxoneusmpanageray be different before and after the
re-all ocation. Therefore, data transfer may not

21 be resuned dle tisochromweuoimanageddi escquirppi oy obthins resouesed occurs
in the mddle of the isochronous/nulticast trans- m ssion. Considering such

ayer 10 o PeE o e e D e T er “can
be resumed  jsochronous transmission and binds the resources to the isochronous

talker. The manager 7 also maintains the obtained isochronous
resources and their binding information.

B. Multicast manager 6

The multicast manager 6 obtains a channel number to exe-
cute multicast transmission, and binds the same to the multi-
cast talker. The manager 6 also maintains the obtained multi-
cast resources and their binding information.

C. Transaction manager 5

The transaction manager 5 administrates resource binding
to the transaction port.

D. PIM (Path Information Manager) 8

The PIM 8 configures the logical paths among the isochronous
and multicast ports, and maintains the configured logical paths.

E. NIM (Node Information Manager) 9

The NIM 9 operates as a host module for the node controller
4, The NIM 9 performs configuration or reconfiguration for
other modules according to the change of the bus status noti-
fied by the node controller 4.

2.3 Isochronous transmission service



even when the node ID and the channel nunber are changed upon the bus
reset. The user does not care for the bus reset. 1.4.1 Path The path set
in the port which executes the isochronous/multicast transm ssion is not
connection-oriented, but is a kind of route information to transfer data to
mul tiple receiving ports. In this casegthe data is transferred in
connectionl ess manner. The path information is saved in the destination
node of the route and the path is restored by,the nLAN transport |ayer 10
after the bus i dhemisa TORONSH JTHUFNIISION /T VBSRHAS - SED ed hexaymt- " ing to
the saved path information. The configured paths are adm nistrated by the
PI M (Pat h | niderwelhertrahsagéter @nd receivergdnte dtamdling thelisochsimous
transm ssion, a packet is trans- ferred froma tal ker port of one source

node to |ist eleta pransfeofanel respectidliynedlled fisdelsronousvialikereadds fi cul t

to transfer data in real time if the source node resolved the routing due

to in- creaseghchirghcesmistener? 0arth Ghe E%(ﬁﬁ‘éh%snd@!ﬁa tommfiyp@d e 1f the

source node has a list of destinations and a |listed desti- nation node i's

ggt found inyihe NP byddoS195CasBeds Bpetified, for example, and

a node already having an isochronous channel can transfer
data by an amount of the obtained bandwidth. In case of
the isochronous transmission using a newly created port as an
isochronous talker, the channel number and bandwidth should
be bound to the new port. In the isochronous transmission, a
packet is not addressed to a unique port, but is broadcasted
to all the nodes having an isochronous channel number. The
node supporting the isochronous communication notifies all
the isochronous packet arrivals to the link layer 2. The link
layer 2 determines whether the packet should be accepted or
not depending on the channel number attached to the arriving
packet.
2.3.1 Isochronous manager

The isochronous manager 7 is a module provided within the
mDLAN transport layer 10, and manages the isochronous re-
sources in each node. The isochronous manager 7 acquires the
isochronous resources (isochronous channel number and band-
width) upon the request from the host applications, and binds

them to the isochronous talker. Upon the resource binding,



resol ve the routing. Further, there nay be sinple source nodes such as a
nouse and a keyboard for instance, which cannot al- |ocate nenory enough to
store path information for a nunber of destination nodes. Thus, the path
information is stored in the destination nodes according to the invention.
As descri bed above, the path informatipn is saved in the receiver nodes in
order to reconstruct the routing after the node I D and the channel nunber
is changed by bus reset. Thus, the path information should be a type of

i nf or mati on VWhiecisachronoms talkert getsbyeady toutransmit arhdsechtonoisr mati on
may i ncl ude: Tal ker port ID Tal ker Node Unique ID Listener port ID as
ilTustrated ipadket. t Bbretlod iSogurendus listerenoan isochrodeusr charteby
applications, and Node Unique IDis hard-coded in a device of the node at

the shi ppi ng mimbe idebbaader Aduisochtbaotisdistenies Usouddi witlewechghanged by

the bus reset. Upon bus reset, the nmLAN transport |ayer 10 updates internal

path i nfor mtjgnng tag fé&&b@%@ffsddhrbhglﬁfﬁ cledt aEWgtggdwmﬁ node |D

in order to provide the routing resource indepe t on s reset to
t he upper |a ' ' . a I.C C{m.? J :transfer
regardl ess o%ﬁ{ g%%%?%ds%ﬁ ?E?.fgellsl %a?%d n gg)?riaét ?Ig%ﬂ%gﬁggielrg’}ﬁ

tains the resources acquired by the operation described above.

When the bus is initialized by a bus reset, all the resources
obtained for an isochronous port are again bound.
2.3.2 Acquiring and binding isochronous resources

Now the obtaining and binding of the isochronous resources
are explained referring to Figure 10. When the isochronous
manager 7 receives an Isochronous Manager Bind Resource
Request, the isochronous resource is obtained and bound to
the isochronous talker as described below. In step S10, the
isochronous manager requests the bus manager to allocate an
isochronous channel number and a bandwidth. This request is
made through an exclusive peer-to-peer transaction with the
CSR of the bus manager. Then, the result of the isochronous
resource acquisition is tested in step S20. If the resources are
obtained successfully, the isochronous manager 7 binds the ob-
tained resources to the isochronous talker in step S30. How-
evei', the eventual binding procedure is actually done in the
talker information update, so that the binding procedure is il-
lustrated by a dotted block in Figure 10. Then in step S40,



23 “The PIM (Path Informati on Manager) 8 defined in the nLAN transport

| ayer 10 is a nodul e adm nistrating each of the paths set between a pair of
ports. The PIM 8 handles the allocating and rel easing of the path, and

mai ntains the path informa- tion. The PIM 8 also has a function to restore
the | ogi cal paths according to the pathoinformation stored in the node,
automatically upon bus initialization procedure caused by ad- dition or
renoval of a node device, or, upon power-on reset. The PIM 8 groyides a

| P

service to sed carmnatignhrepeiiing eacket portaioxeg fihe pbbaineshous or

mul ti cast transm ssion for the upper layer applications. The path
i nformation iressuaces formattedias shewnampiigure Qoisnbroadcastiedeirsbown i n
Figure 4. The addition or renoval of a physical node device causes a bus

reset. On thedémsonsstify anodechPoneustalkeretéatiahl dChérdnssteph§60; he node
| D may be changed before and after the bus reset. O course, this node ID

change af f et ghapdeuRist €56 r8Sour bilading 1k e dstedd o thePIM Bedipor rect | y

wi t hout reconfigu- ration. Thus, upon such a bus configuration change, the

Pl M 8. updat esihiBccid ek dmms| oM eke bbfoufehsdinidsatbfrddie cortect

i
data transfer. e upper |ayer applications t care for the

change in the bug; cRBRIN Fig@R 9PIRL E4ARMnformation reporting packet

is comprised of a packet ID indicating that the relevant packet
is the talker information reporting packet, followed by a talker
port ID, a talker node ID, a Node Unique ID of the talker, and
talker resource information.

If the isochronous resources could not be obtained in step
S20, the failure is reported to the PIM 8 in step S50. After
the process shown above, the created isochronous talker can
transmit isochronous packets.

2.3.3 Binding isochronous resources (Listener)

In order to receive isochronous data, the isochronous man-
ager 7 should bind isochronous resources to an isochronous
listener. The isochronous resource binding procedure is shown
in Figure 11. If the isochronous manager 7 receives a request of
isochronous resource binding from the upper layer, isochronous
resources are obtained and bound to the isochronous listener
as described below. In step S60, the isochroﬁous manager 7
on the listener side binds the isochronous channel number of

a corresponding talker to a port specified as an isochronous



the pdath information stored in the PIM8 is retained while the power is
turned off, and thus the correct paths can be restored after power-on
reset. 24 2. nmLAN transport |ayer
specification 2.1 Services in nLAN transport | ayer The nlLAN transport

| ayer 10 provides three kinds of transsim ssion services for the upper

| ayer. The three services include the nmulticast transm ssion, isochronous
transm ssion,. .and tra

bel on A MiRETSEs; D2 /thies HSbhenSide, 1h e Dt RSt ota g P RRABAAIE  an
asynchronous data packet transfer in which a data_ packet is transferred
froma tal kernpedtnob belnewly obtainedr porreseived channelasumbendsi ssi on
is specified by the nLAN transport |ayer 10. In the nmulticast transm ssion,
packets are bsimapbapdtouhd doddse listenenporindewenek tlse chaamel atumned.
Thus, the transmtter node cannot

ber bound to the listener port should be the number which

is already obtained by the talker port. In step S70, the newly

bound listener port information is written in an isochronous in-

formation table of the isochronous manager 7. The isochronous

information table is illustrated in Figure 7. As shown in Figure

7, the table contains a port ID, a port type, and isochronous

resources of the talker and listener ports. In step S80, the

list of the receiving channel numbers held in the isochronous

information table of the isochronous manager 7 is handed to

the link layer 2. The link layer 2 receives all the isochronous

packets, but notifies only the received packets whose channel

number is listed in the list of the receiving channel numbers to

the isochronous manager 7. Then in step S90, the result of the

resource binding is reported to the PIM 8. However, the re-

source binding never fails in normal situations, and the success

of the resource binding is reported to the PIM 8 in most cases.

As shown above, the isochronous resource binding is carried

out for the listener port.

2.3.4 Isochronbﬁs data transmission

After the isochronous resource binding for the isochronous

talker and listener, the isochronous packets are ready to be



recogni ze whether the data transfer is successful or not, but frequency
bands of the bus can be utilized efficiently. B. Isochronous Transm ssion
The isochronous transnmission is specified in the link [ayer 2. Each node
secures a band before the same commences the data transm ssion to assure a
certain signal delay range, so that thg2zotal |oad of the whole network
systemis fully controlled. This transm ssion nethod is suitable for

situations in which a constant volume of data is_polled periodically, or
whi ch a data &Fansigrredni by thedransmissioa: procedunre,odasa. is first ac-
25 The transaction is a

Transacti on

in

bi di rect i onal cppbed; engkis thenrtransniittedePoe ispeludroas datarecdepansact i on
| ayer 3. The transm ssion is executed in connectionless manner, but

ACK/retry funt¢hnos orertrylisifustidited iasBigerd B2 (a)pehidethetisodfdion?- 1. 1

Por t The port is a service access point in the nLAN transport | ayer

and wi 11 be edpital tiamsneiseloites shdwh upPigurdyYE2(WH2Mf the isochronous

manager 7 receives a request to transfer data through the
isochronous talker from the PIM 8, the isochronous data en-
try procedure starts. In step S100, the isochronous manager 7
searches its isochronous information table shown in Figure 7 to
obtain the isochronous channel number bound to the specified
isochronous talker. Then in step S110, the data to be trans-
mitted and the searched isochronous channel number are saved
temporarily. This buffering is done in order to wait a certain
bus cycle, since the isochronous transmission actually starts
with notification of an isochronous cycle. If the isochronous
transmission data is accepted and the isochronous cycle is no-
tified by the link layer 2, the isochronous data transmission
is launched. Firstly in step S120, the isochronous manager 7
issues an isochronous transmission request to the link layer 2
using the obtained isochronous channel number. In this step,
the transmission data is also handed to the link layer 2, and the
isochronous transmission data is broadcasted to all the nodes
through the link layer 2 and the physical layer 1. |
2.3.5 Isochronous data reception

Figure 13(a) is a flowchart illustrating the isochronous data.

10,



accesS the service provided by the mLAN transport |layer 10 through the
port. The above-described transm ssion services are avail able only between
the ports having particular property. In other words, a packet cannot be
distributed to a port which is inproper for the relevant service. The
property of the port is defined by theyfesource bound thereto. The
resources which can be bound as the port property can be categorized as

| isted bel ow. A Tr ansact i handl i ng transaction. The
transacti on PECEPEHE | REO 11 i lCElarﬁ gi trangmiiteds tnig oe- data. An
address within the node is bound as the resource. B. |sochronous talker

A port handl icegvede I&&éberisochsorauns mamegers$i mnnotified mththeodatahannel
nunber and an i sochronous bandw dth are bound as the resources. C.

andl | nG the s oEnr onos dat s T edept on s ey Eesah Fanoae 20 starth. PRI

step S130, the isochronous manager 7 searches its own isochronous
information table shown in Figure 7, to find the destination
listener port number through the isochronous channel number
attached to the packet. Then in step S140, the isochronous
manager 7 notifies the data reception to the found port, and
transfers the received data to that port.
2.3.6 Detecting talker duplication |

By the way, only one isochronous channel number is bound
to only one isochronous talker. In other words, only one isochronous
talker transmits packets using a particular isochronous channel
number. Thus, if the isochronous manager 7 recognizes that
multiple isochronous talkers are sending packets with the same
isochronous channel number, the isochronous manager 7 stops
notification of the data reception to the upper layer at the level
of the link layer 2, and notifies the fact of the channel num-
ber duplication to the upper layer. The detection process of
the channel number duplication is illustrated in Figure 13(b).
If the talker’s channel number is duplicated, the link layer 2
notifies thé fact to the isochronous manager 7, which then no-
tifies the duplication to the PIM 8. The notification of the

isochronous data reception to the PIM 8 is suspended in the



channel nunber is bound as the resources. The |listener can re- ceive a
packet |abel ed by the same channel nunber as that bound to the |istener. D.
Mul ti cast talker A port handling multicast data transm .ssion. A multicast
channel nunber is bound as the resources. E. Milticast |istener A port
handling nulticast data receiving. A md4icast chan- nel nunber is bound as
the resources. The listener can receive a packet |abeled by the sane
channel nunber, as that bound to the |istener. The transaction in the nLAN
transport | aydevebofiheplinkdeyenghi zed by the level of the transaction
layer 3 as a transaction to the port-bound address. In this nmethod, it is

i npossi bl e t o 2a8ck{ommudicstion witht lowef dayentry in configurati on ROV

for exanple) which is not bound to any port. In order to access such a

resource, the NI ¢thiedsodlifaiowms tiemdvhitates sefvics, PROYsSt oM g%dg%r to the

i nvention. By issuing a request to the NIM9 of a certalin node, nodes

can derive nodgrer7 ih GHERHIDAN tPEndPeR: HYEUR) ental wAPhihd N the
oqe. . t ructur

node, properties of the ports) of t certaln n e of nLAN

transport |ayqink lafer LHMEYEIRY PritniEvib A 808P befd§’ The S O™
mLAN transport layer 10 requests the link layer 2 to transfer an

isochronous packet using a service primitive “Link Isochronous
Request”. A primitive “Link Isochronous Indication” is issued
by the link layer 2 to the isochronous manager 7 to notify the
arrival of the isochronous packet. A service primitive “Link
Cycle Start Indication” is issued by the link layer 2 to the
isochronous manager 7 to indicate the start of the isochronous
cycle. Upon receiving the primitive, the isochronous manager 7
transfers data using the primitive “Link Isochronous Request”. |
With a primitive “Link Isochronous Control Request”, the
isochronous manager 7 passes all the channel numbers bound
to the isochronous listeners within the node to the link layer
2 as a primitive “Channel Receive List”. Upon receiving a
packet having a channel number listed in the primitive “Chan-
nel Receive List”, the link layer 2 issues the primitive “Link
Isochronous Indication” to the isochronous manager 7.
2.3.8 Communicating with PIM

The isochronous manager 7 communicates with the PIM 8

as described below. A service primitive “Isochronous Manager



27 prised of five nodules listed bel ow. A. Isochronous manager 7  The

| sochronous nanager 7 acquires or obtains resources (the isochronous
channel nunber and bandwi dth) to execute isochronous transm ssion and binds
the resources to the isochronous tal ker. The manager 7 al so maintains the
obt ai ned i sochronous resources and theiss bindi ng i nformation. B.

Mul ticast manager 6 The mul ticast nanager 6 obtains a channel nunber to
exe- cute nulticast transpission, and binds the same.to the nmulti- cast

tal ker. The miMaffeResIuesto igdpsited by the RIM8 todthaisdchroasusrmssmir ces and
their binding information. C. Transaction nmanager 5 The transaction
nmanager 5 admagestf,aard thesisocheohoudimgniager He ttamsfers dada spedified D. PI M
(Path Informati on Manager) 8 The PIM 8 configures the | ogical paths anong

the isochronobs the requestasi prdntitivealiovhirohaugsMditagan Dty Bedi-ogi cal
pat hs. E. NIM (Node |Information Manager) 9 The NI M operat es as a host

Fle)gglnfl 53; a"i Pgﬁﬁ?}gg E?Eéegr@ndo%l {e}gegggg%%(gu?;m?%e changg)I 0 the us st at us
noti - to notify the PIM 8 of the arrival of the isochronous packet.
A primitive “Isochronous Manager Bind Resource Request”
is issued by the PIM 8 to the isochronous manager 7, and
the isochronous manager 7 binds resources to the port speci-
fied by the primitive. A primitive “Isochronous Manager Bind
Resource Confirmation” is issued by the isochronous manager
7 to the PIM 8 to indicate the result of the binding in re-
sponse to the primitive “Isochronous Manager Bind Resource
Request”. Primitives “Isochronous Manager Release Resource
Request” and “Isochronous Manager Release Resource Confir-
mation” are exchanged each other by the isochronous manager
7 and the PIM 8 in order to release the resource already ob-
tained.
2.3.9 Bus reset handling
If a new node is added to the bus, thé bus reset is executed to
reset all the logical paths, and then the paths are reconfigured
by allocating new node IDs to the nodes. In this case, a bus
reset complete notification procedure is executed after the bus
reset handling procedure. The bus reset handling procedure

is illustrated in Figure 15. If the bus reset occurs, the NIM 9



fied By t he node controller 4. 2.3 Isochronous transm ssion service

28 The i sochronous transm ssion service is explained hereun- der. The
transmitter and receiver ports handling the isochronous data transfer are
respectively called "isochronous tal ker” and "isochronous listener”. In the

| sochronous data communi ca- tion, a busscycle of 125 [err]sec is specified,
for exanple, and a node already having an isochronous channel can transfer
data by an anount of the obtained_bandw dth._In case of the jisochronous
transni ssi on 168Wes) daresst yequestt 2&7 pngusaaragen drrgrest he
channel nunber and_bandw dth shoul d be bound to the nEleOFt. In the

i sochr onous t(rl%,esaeti)?%d;ﬂne isophrémous snanagerdr sdsieh them!amdwes foet, but
is broadcasted to all the nodes having an i sochronous channel nunber. The

node support ilygs rbset hamfdi'm%) proceduws) d.é;]bbnrrem@wihige’shelrbqulest,i tleehr onous
packet arrivals to the link Tayer 2. The link layer 2 determ nes whet her

;P 1‘:9 a(e ﬁg 5 e: o S Fﬁgbg%'%ﬁ(\)”ﬁﬁ Cgiﬁﬁhﬁge? 17 Pflectie PREd56ehhdule tFdYaeTee regueber
from the PIM 8 in step S190, thereby effecting the bus reset
handling procedure.

After the bus reset is completed, the NIM 9 issues Isochronous
Manager Control Reset (Initialize) to the isochronous manager
7. Upon receiving the request, the isochronous manager 7 ex-
ecutes the bus reset complete notification procedure. The bus
reset complete notification procedure is illustrated in Figure
16. First of all in step S200, the isochronous manager 7 ex-
tracts a talker entry from the isochronous information table
shown in Figure 7, and requests the bus manager to allocate the
isochronous channel number and the bandwidth in step S210.
This request is made through an exclusive peer-to-peer trans-
action with the CSR of the bus manager. Then in step S220,
it is tested whether the isochronous resource is successfully
obtained or not. If the resource is obtained successfully, the
isochronous manager 7 binds the resource to the isochronous
talker. However, the eventual binding procedure is actually
done in the talker information update, so that the binding
procedure is illustrated in a dotted block in Figure 16. In step
5240, a talker information reporting packet containing the ob-



packet. 2.3.1 |sochronous manager The i sochronous manager 7 is a nodul e
provided within the nmLAN transport |ayer 10, and nanages the isochronous
re- sources in each node. The isochronous nanager 7 acquires the

i sochronous resources (isochronous channel nunber and band- w dth) upon the
request fromthe host applications, ang7binds themto the isochronous

tal ker. Upon the resource binding, 29
the i sochronous tal ker gets ready to transmt, an, i sochronous packet. For

t he i sochr onotainedsresosrces formedhed ssishawmineligunen8is bropdeastedin

I sochronous |istener bound with a chan- nel nunber can receive an

i sochronous phacbedentomotify dnvisdchiroaosmntalkbrrebtionntEhenThe stemchr onous
manager mai n- tains the resources acquired by the operation described

above. \Wen t8250Ushesestlt bflthgadsbiree bindis s repbrtdd éortheoPINES

obt ai ned for an iSochronous port are again bound. 2.3.2 Acquiring and

P'sgg'h?gnbﬁ gcrggggﬁig%& e sudids df P éddtree Bl fepSrtetine
Otherwise, if the isochronous resource could not be obtained in
step 5220, failure is reported to the PIM 8 in step S250. After
step 5250, it is tested if there remains a talker entry which has
not been bound with isochronous resources yet. If there is such
a talker entry, steps 5200 to S250 are executed all over again
in order to bind isochronous resources to all the talker entries.
After all the talker ports are bound with adequate resources,.
the procedure terminates. Thus, the isochronous manager 7 is
ready to accept requests from other layers.

2.3.10 Talker information update

If the isochronous manager 7 is notified that the NIM 9
has received a talker information reporting packet by means of
Isochronous Manager Control Request (Talker Info Received),
a talker information update procedure is executed. The talker
information update procedure is illustrated in Figure 14. First
of all, the isochronous manager 7 extracts the talker port ID
and talker resource information from the talker information re-
porting packet having the format showh in Figure 9, and cre-
ates a new talker entry according to the extracted information

in order to update the isochronous information table shown in



are explained referring to Figure 10. Wen the isochronous manager 7

recei ves an | sochronous Manager Bi nd Resource Request, the isochronous
resource i s obtained and bound to the isochronous tal ker as descri bed
below. In step S10, the isochronous nmanager requests the bus nmanager to

al | ocate an isochronous channel nunberzgnd a bandwi dth. This request is
made through an excl usive peer-to-peer transaction with the CSR of the bus
manager. Then, the result of the isochronous resource acquisition is tested
in step S20. Figuuee Tredherda step bt 4 nébesialker snformation tepsahr onous
manager 7 binds the ob- tained resources to the isochronous talker in step
S30. How eveing paeketdatpesseti tolithg PIM &itoaotifypdheaPIM dded thet he

tal ker information update, so that the binding procedure is il- lustrated

by a dotted bpatlk infofirgutien 1i8. alteesdi nlstwispd4se to the notification,
30 a talker information reporting packet containing the obtained f esour ces

formatted as gROWPIND & updted tﬁeﬁ?l GaséaRatibrtabler as &Riribed an

i sochronous tal ker creatlon Then step S50, the result of the resource

binding is repgetentepS180MtBe NIM 9 is notified of the update of the

isochronous information table. Thus, the talker information
update procedure is executed upon receiving the talker infor-
mation reporting packet, which is broadcasted when a talker
port is created in a node. The talker information is updated
depending not only on the talker information reporting packet
broadcasted from the own node, but also on the talker infor-
mation reporting packet broadcasted from the other nodes.
2.3.11 Communicating with NIM

For the isochronous manager 7, the NIM issues a service
primitive “Isochronous Manager Control Request”, which in-
cludes parameters listed below.

RESET': Resets the status of the isochronous manager 7.

INITIALIZE: Initializes the status of the isochronous man-
ager 7.

TALKER INFO RECEIVED: Notifies that the NIM 9 has
received a talker information reporting packet.

A service primitive “Isochronous Manager Control Confir-
mation” is issued from the isochronous manager 7 to NIM

9 in order to return the results of the control request made



this case, the success of the resource binding is reported. As shown in
Figure 9, the talker information reporting packet is conprised of a packet
IDindicating that the rel evant packet is the tal ker information reporting
packet, followed by a tal ker port ID, a talker node ID, a Node Unique |ID of
the tal ker, and tal ker resource i nforngfg on. I f the i sochronous resources
could not be obtained in step S20, the failure is reported to the PIM8 in
step S50. After tge process sho above, the created isochronous talker can
transnit i soc®yokBas pnousyManagen Gortrod Rrguestis rEhewtedus

(Li stener) In_order to receive isochronous data, the isochronous man-
ager 7 shoul dofithe isedinonmis masager §sis mepnrtexi)djy ansexvicesprimei-. The

i sochronous resource binding procedure is shown in Figure 11. If the

i sochronous mineg lsdchrmmouse Managar dsvernt Indicationdissued dvone thendi ng
fromthe upper |ayer, isochronous resources are obtained and bound to the

i sochronous | isgsdnonags gescagded fiethe.NINM 9t ep S60, the isochronous

manager 7 on the |listener side binds the isochronous channel nunber of a

cor respondi ng ot AINqeflticash tPRhLfesRRGi¢Ed as an isochronous

The multicast transfer service is described below. The mul-
ticast data transfer is an asynchronous and connectionless data
communication, which is performed from a transmitting port
to multiple receiving ports. In the multicast data transfer, the
transmitting port is called a “multicast talker”, and the receiv-
ing port is called a “multicast listener”. The multicast data
transfer is defined in the mLAN transport layer 10. The appli-
cation user should bind a multicast channel number to a talker
port before starting transmission via the port. This means
that the talker port acquires a right to send data through the
channel. Only the multicast talker can actually transmit a mul-
ticast packet using a certain multicast channel provided that
the multicast talker is bound with the channel number. The
packet sent from the talker is not addressed to a unique or in-
dividual multicast listener, but the packet is broadcasted to all
the nodes by the broadcast facility defined in the transaction
layer 3. |
If a multicast packet arrives at a node, the transaction layer

3 of that node notifies the multicast manager 6 of the arrival.



31 listener. In the listener side, a channel nunber or bandw dth need not
be newy obtained. A received channel nunber is sinply bound to the

| i stener port. However, the channel num ber bound to the |istener port
shoul d be the nunber which is already obtained by the talker port. In step
S70, the newy bound listener port infggmation is witten in an isochronous
in- formation table of the isochronous nanager 7. The isochronous
information table is illustrated in Figure 7. As shown in Figure 7, the

t abl e cont ai nkha reeetvedopagkebis atiachedamith sommulinast channeleymt t he
talker and listener ports. In step S80, the list of the receiving channel
nunber s hel d ber, twhicls as laltocated mbdlhmt:omesp@luichngf mul¢icastctalliepus

manager 7 is handed to the Iink | ayer 2. The link layer 2 receives all the

i sochronous paceitsthéuhultitadt Asawager 61 tlaedeviphdtick aiedevdeserchannel

nunber is listed in the |ist of the receiving channel nunbers to the

I sochr onous rfﬁﬂféseﬁvlfeth@eﬁhé a%ké@sﬁ%ﬁldtﬁ'@abéég{:éb d O ﬁB@ngfrlH?ge bi ndi ng

is reported to the PIM8 ver re- sourc I nding n ils in

normal si Waﬁhiﬁg t@%@gﬁ%@&%ﬁﬁaﬁ%ﬂﬁ%eﬂ%%h@ i1 HEakE thaRg ted to

the PIM 8 e" i so¢hronous resource bi ndi ng

's carried oyl i TBEEhHCWHicROE the’ miuftid SRCTELAMY {Rkdtlafigsm st on
listening.

The multicast channel number bound to the multicast talker
is acquired by the binding operation of the multicast manager
6 in the mLAN transport layer 10. The multicast channel
number bound to the multicast listener is selected from ones
which are already bound to the multicast talkers.

The mechanism of the multicast transfer is illustrated in
Figure 3. In Figure 3, ports #1 and #3 of a node #1 functions
as a multicast talker. These ports are respectively bound with
multicast channel numbers #2 and #4. If a host application
issues a transmission request for the port #1 of the node #1,
the data is broadcasted to all the nodes in the local bus using
the channel #2. Each node receives the transmitted packet by
the broadcast facility. Upon receiving, the received packet is
passed to the mLLAN transport layer 10 from the lower layer
Which picks up the packet. In the nodes #2 and #3, either of
the ports #2 and #3 is functioning as a multicast listener. The
mDAN transport layer 10 in each node passes the data of the



After the isochronous resource binding for the isochronous talker and

| i stener, the isochronous packets are ready to be

32 transferred. In the transm ssion procedure, data is first ac- cepted,
and is then transmtted. The isochronous data accep- tance or entry is
illustrated in Figure 12(a), while thegisochronous data transm ssion is
shown in Figure 12(b). If the isochronous nmanager 7 receives a request to
transfer data t rough the.js chﬁono tal ker fr n1thﬁogl%ﬂ8,,the

i sochr onous RAGKeInIransgmptsse fhreug amld.thaﬁtsé}a@m =2 t49e 1iSs 8% onous
manager 7 searches its isochronous _information table showm in Figure 7 to
obtain the i soadticastidistraangomunbbuspbhagnudtichst sparsferds carsted onous
talker. Then in step S110, the data to be trans- mtted and the searched
i sochronous otatinSimilartyer the packet dedismredara the pontsfA3uef thenmpde done in

order to wait a certain bus cycle, since the isochronous transm ssion

actual 'y stardd 4 thansferféd ahronghf the disantelofblisocymite ndde.t Mhe

i sochronous transm ssion data is accepted and the isochronous cycle is no-

L0 ot et by the g (b rmbring sk
channel number #4) of the node #2. On the other hand in the
node #3, the multicast channel #4 is not bound to any port,
so that the mLLAN transport layer 10 of the node #3 abandons
the packet received through the channel.

2.4.1 Multicast manager

The multicast manager 6 is a module to obtain a multicast
channel number for a port to execute the multicast transfer,
and to bind the same to the port. The multicast manager
6 obtains a multicast channel number by issuing a talker in-
formation reporting packet. Further, the manager 6 receives
all the talker information reporting packets issued from other
nodes within the local bus to create a multicast information
table containing correspondence between the multicast chan-
nel numbers and the multicast talker ports as shown in Figure
6. Upon receiving the talker information reporting packet, the
multicast manager 6 of each node determines the talker’s mul-
ticast channel number depending on the order of the reception
while organizing the multicast information table shown in Fig-

ure 6. If the multicast manager 6 receives a talker information



i ssues an i sochronous transm ssion request to the link |ayer 2 using the
obt ai ned i sochronous channel nunber. In this step, the transm ssion data is
al so handed to the link layer 2, and the isochronous transm ssion data is
broadcasted to all the nodes through the link |layer 2 and the physi cal
layer 1. 2.3.5 Isochronous data receptjon Figure 13(a) is a flowhart
Illustrating the isochronous data 33
reception procedure by which the transpitted packet is re- cejved. If the

i sochr onous wepegting7packebtransmitiied: froraddts over amdeythy mulicastk | ayer
2, the reception procedure starts. In step S130, the isochronous manager 7
sear ches it s managsp&hdetermines thermulsicasthtbampelmuinbes giiits Gwnt o find
the destination |listener port nunber through the isochronous channel nunber

attached to wheleacRee mildticash infamstwh table is erjvessed byrnagal- 7
notifies the data reception to the found port, and transfers the received
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a corresponding multicast talker. The multicast manager 6
provides the binding information upon a request from the host
application. The multicast manager 6 is provided in every node
which has a multicast port (multicast talker/multicast listener)
to execute the multicast data transfer.

2.4.2 Obtaining and binding multicast resources

The procedure for obtaining and binding multicast resources
is described below referring to Figure 17. The multicast man-
ager 6 executes the procedure for obtaining and binding multi-
cast resources for a port to create a multicast talker. The pro-
cedure is commenced when the multicast manager 6 receives a
“Multicast Manager Bind Resource Request” from the upper
layer PIM 8. In step S600, the multicast manager 6 broadcasts
a talker information repofting packet for all the nodes. The
talker information reporting packet is formatted as shown in
Figure 9, and contains an obtained multicast channel number
associated with the Node Unique ID and the port ID. If it
is recognized that a multicast channel number is successfully

obtained in step S610, the obtained resource (multicast chan-

nel number) is bound to a specified multicast talker in step



to only one isochronous talker. In other words, only one isochronous talker
transmts packets using a particular isochronous channel nunber. Thus, if

t he i sochronous manager 7 recognizes that nultiple isochronous tal kers are
sendi ng packets with the sane isochronous channel nunber, the isochronous
manager 7 stops notification of the dad: reception to the upper |ayer at
the level of the link layer 2, and notifies the fact of the channel num
ber duplication to the upper_layer. The detection process of the channel
nunber dupl | &dbn Then, EBQtPMGS inptifigdref themesult of Hhe zeseurce channel
nunber is duplicated, the link layer 2 notifies the fact to the isochronous
manager 7, whindingenlmdhis ichises tﬁleeP(iM)IS istictified thet Bhd! Binding
notification of the isochronous data reception to the PIM8 is suspended in

the  is successful. On the other haddl, ifeiteis sécoddwizednkhbbvde 2. 2. 3.7
Conmuni cation with | ower |ayer In the isochronous transm ssion service,

e S0 oreHBIgt ertl e ilcrsog i i ety e
goes forward from step S610 to S630, and the corresponding
notification is passed to the PIM 8, which terminates the pro-
cedure. The procedure of steps S610 and S620 is shown in
dotted blocks, because the actual resource binding process is
done by broadcasting a talker information reporting packet in
the talker information update procedure described below.
2.4.3 Talker information update

The NIM 9 in each node receives the broadcasted talker in-
formation reporting packet, by which the talker information
update procedure is controlled. The talker information update
procedure is explained hereunder referring to Figure 21. The
procedure is launched when the NIM 9 notifies the multicast
manager 6 of the reception of the talker information reporting

- packet. In step S750, in order to allocate a multicast channel
number to each node in the order of arrival of the talker in-
formation reporting packet, a packet counter provided in the
multicast manager 6 in each node is incremented by “1”. The
multicast manager 6 has the packet counter, which is reset to
«” upon the bus reset and which counts received talker in-

formation reporting packets after the bus reset. In step S760,



mLAN transport |ayer 10 requests the link layer 2 to transfer an

I sochronous packet using a service primtive "Link |Isochronous Request". A
primtive "Link Isochronous Indication" is issued by the Iink layer 2 to

t he i sochronous manager 7 to notify the arrival of the isochronous packet.
A service primtive "Link Cycle Starty4ndication” is issued by the link

| ayer 2 to the isochronous nanager 7 to indicate the start of the

i sochronous cycle. .Upon receiving, the prinjtive, the {spchronous manager 7
transfers daftRemIHEcasE AANALET houpdangs theanubtisast 2ationgah a
primtive "Link ]sochronous Control Request", the isochronous manager 7
passes al | tHdedfbiguee Gluepstainingrihe corresponsiencenamong shenlodeni t hi n
the node to the link layer 2 as a primtive "Channel Receive List". Upon
recei ving a (dnkgpte I8, port [Ehaand| nmiticest Ichemave]i muntleerpacodotdivg " Chan-
nel Receive List", the link layer 2 issues the primtive "Link Isochronous
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service primpp\g exdtzactedTPom Yheagdker information reporting packet,
and the value of the packet counter is used as the resource in-
formation in order to create a talker entry. Then in step S770,
the multicast manager 6 sends the talker information reporting
packet to ndtify the PIM 8 of the update of the path informa-
tion. In step S780, the NIM 9 is notified of the result of the up-
date, which terminates the procedure. The multicast manager
6 which broadcasted a talker information reporting packet uses
the counter value at the time of receiving the own packet as the
multicast channel number to be bound to a multicast talker of
the own node. The maximum number of multicast channels
in the local bus is set to 256 (0 to 255). If the packet counter
value exceeds the maximum number, the multicast manager 6
reports that fact to the upper layer.
2.4.4 Multicast data transmission
The multicast data transmission procedure is described be-
low referring to Figure 19. The multicast data transmission
is initiated when the multicasﬁ manager 6 receives data to be
transferred from the upper layer PIM 8. In step S670, the

multicast manager 6 which has received the data to be sent



35 Data Request" is issued by the PIM8 to the isochronous man- ager 7,
and the isochronous manager 7 transfers data specified by the request. A
primtive "lsochronous Manager Data Indi- cation" is issued by the

i sochronous Manager 7 to the PIM8 to notify the PIM 8 of the arrival of
t he i sochronous packet. A primtive "lgochronous Manager Bi nd Resource
Request"” is issued by the PIM8 to the 1sochronous nanager 7, and the

i sochronous nmanager 7, bi nds .resourges to, the rt. speci- fjed by .the
primitive. Assar%ms {he: @ﬁ&@hwgormaa@é» t@ﬁfﬂjshﬁéf%mcélgm Afation" is
| ssued by the isochronous manager .7 to the PIM8 to indicate the_ result of
the bindi ng iordes-ta mhigdnt the maubticast ichannel osnmbpen donndgio thiend
Resource Request”. Prinmitives "Isochronous Manager Rel ease Resource

Request " and iiibicastotallker Monhgarsele| Then , Rbep HGR) xsufdsra nmalticast are
exchanged each other by the isochronous manager 7 and the PIM8 in order to

rel ease the Iteaﬂsferq'eﬂ]uesadyhﬂésehdingcbheZdéw tBuse temdfebradtitorthe I a

new node is added to e bus, the bus reset is executed to reset all the

o0 el pa i by DeThmgilagagti o boes e o
I's executed gpiembfifodUthe data is actually broadcasted so that ACK is

never returned.

2.4.5 Binding multicast resources (Listener)

In order to receive a multicast packet by a multicast listener,
the same multicast channel number contained in the multicast
packet should be provisionally bound to the recipient listener.
The binding of the multicast resources is illustrated in Figure
18. The binding procedure is commenced upon receiving a
“Multicast Manager Bind Resource Request” from the PIM 8.
First in step S640, the multicast information table is searched,
and the specified port is bound with the multicast channel
number by which the data is identified. In step S650, the port
ID, port type, and multicaét resource (multicast channel num-
ber) are written as a new entry into the multicast information
table. In step S660, the PIM 8 is notified of the result of the
binding procedure. The listener resource binding never fails,
because there is only a binding request to bind the resource to

the channel which has already been allocated to a correspond-
ing talker. Thus, in this case, the PIM 8 is notified of the



reset handling procedure. The bus reset handling procedure is illustrated
in Figure 15. If the bus reset occurs, the NIM9

36 issues a reset request (lIsochronous Manager Control Request (Reset)) to
t he i sochronous manager 7, which then | aunches the bus reset handling
procedure. Upon receiving the request,46 he i sochronous manager 7 rejects
the i sochronous transfer request fromthe PIM8 in step S190, thereby

effecting the bus ndl i ng ocedure. ., After the s re S

conpl eted, t ﬁ@cﬂﬁﬁﬁfﬁe@&iﬁﬁgb sfimeéxo'wmmég@g i prece ?ﬁrt ialize)
to the |sochronous manager 7. Upaon receiving the regues the I sgchr onous
manager 7 ex-thectnwéicasé resoureeds b @updetegtdn@tmulémas(tnhm@l dhe The bus
reset conplete notification procedure is illustrated in Figure 16. First of
all in step $aGbticaste datactambmiseceivedecorieetly. tracts a tal ker entry from
the i sochronous information table shown in Figure 7, and requests the bus

manager to alg. 4(@Mu1ﬁ@as§dgmamptmmnnel nunber and the bandwidth in
step S210. This request is nade through an exclusive peer-to-peer trans-

The multicast data reception procedure is explained here-
under referring to Figure 20. The procedure starts by the no-
tification of the data reception from the transaction layer 3.
First of all in step S700, the talker duplication is detected if
any. The multicast channel number attached to the multicast
packet is that bound to the multicast talker which has sent out
the packet. Only one multicast talker deserves to be bound
with a unique multicast channel number. In other words, each
multicast talker transmits packets using a particular multicast
channel number. Thus, if the multicast manager 6 recognizes
that two or more multicast talkers are sending packets concur-
rently with the same multicast channel number, the procedure
jumps forward to step S730, where the notification of data ar-
rival to the PIM 8 is stopped, and the duplication is reported
to the PIM 8 with sending the duplicated channel number in-
formation. On the other hand in step S700, if the talker du-
plication is not detected, the multicast manager 6 searches the
multicast information table to identify the aﬁtendjng listener
port. Then in step S720, if the received packet has the channel

number that coincides with the channel number bound to the



action with the CSR of the bus manager. Then in step S220, it is tested
whet her the isochronous resource is successfully obtained or not. If the
resource i s obtained successfully, the i'sochronous nanager 7 binds the

resource to the i sochronous tal ker. However, the eventual

bi ndi ng procedure

I's actually done in the tal ker informai on update, so that the binding

procedure is illustrated in a dotted block in Figure 16.
tal ker inforna%on reporting, p et containing the ob-,
37 tained rBaglicasd

In step S240, a

k . .
svaneart 1 the nedanthe nacketeresepiion dsdqretified in or der

to notify an isochronous talker creation. Then in step S250, the result of
t he resour cetoithditristenerepbhe agultacastenmnager 6 picks aprablethe maukuccess of

the resource binding is reported. O herw se,

if the i sochronous resource

coul d not betidaishi padkéts spem $heaonotididatien icf deparardvab frtém Bhi 8 in
step S250. After step S250, it is tested if there remains a tal ker

whi ch has notraesacthonridyer t3 HEoweverotlse packet casivall is hbtifiwt ¢oi s such a

entry

tal ker entry, steps S200 to S250 are executed all over again in order to
bi nd i sochr ogREsiAsiRHEE distefed! poithin thlckAbdeidil§Swhen the multi-

cast channel number coincides with that bound to the listener.
Thus, the notified listener can exclusively receive the multicast
data packet. If there are two or more destination listeners, the
multicast manager duplicates the data to deliver the data to
these listeners. In case that the attached multicast channel
number is not bound to any listener in the node, the packet is
abandoned. As described above, the multicast data reception
procedure is executed correctly.
2.4.7 Communicating with lower layer

As shown in the foregoing, the multicast manager 6 in the
mLAN transport layer 10 communicates with the transaction
layer 3 in order to make the multicast transmission. The
mLAN transport layer 10 uses service primitives listed below,
which are defined in the transaction layer 3.

Transaction Data Request: the multicast manager 6 issues
this primitive to the transaction layer 3 in order to initiate
the multicast transmission. The multicast transmission is car-

ried out using the broadcast facility in the transaction layer

3, so that a property BROADCAST WRITE is specified as a



After all the talker ports are bound with adequate resources, the procedure
term nates. Thus, the isochronous manager 7 is ready to accept requests
fromother layers. 2.3.10 Tal ker information update I f the isochronous
manager 7 is notified that the NIM9 has received a tal ker information
reporting packet by neans of |sochronoyg Manager Control Request (Tal ker
Info Received), a talker information update procedure is executed. The

tal ker information update procedure is illustrated in Figure 14. First of
all, the isocﬂ?r@ma&tmab@ei extracts the tal ker port ID and tal ker
resource information fromthe tal ker information re- porting packet having
the format show[tan$faciiorn Datadndicationt emith tlew prinkidives nedtbr ding to
the extracted information in order to update the isochronous information

tabl e shown i gast manager 6 is notified of the data arrivd by-thertearsadtien i n step
S170, the talker information report- ing packet is passed to the PIM8 to

notify the Pl Mi&ag the path information is altered. In response to the
notification, the PIM8 updates the path information table as descri bed

2.4.8 Communicating with PIM

The multicast manager 6 communicates also with the PIM
8. The service primitives listed below are defined in order for
the communication between the multicast manager 6 and the
PIM 8 in the upper layer.

Multicast Manager Data Request: the PIM 8 issues this
primitive to the multicast manager 6. The multicast manager
6 transfers the data specified by the primitive.

Multicast Manager Data Indication: the multicast manager
6 issues this primitive to the PIM 8 in order to notify that the
manager 6 has received a multicast packet.

Multicast Manager Bind Resource Request: the PIM 8 is-
sues this primitive to the multicast manager 6. The multicast
manager 6 binds resources to the port specified by the prim-
itive. With this primitive, the PIM 8 passes the port ID and
the multicast channel number which is required if the type of
the port specified by the port ID is MULTICAST LISTENER.

Multicast Manager Bind Resource Confirmation: the mul- |
ticast manager 6 issues this primitive to the PIM 8 in order to

return the results of the procedure executed in response to the



I'ater. In step S180, the NIM9 is notified of the update of the isochronous
i nformation table. Thus, the talker information update procedure is
execut ed upon receiving the talker infor- mation reporting packet, which is
broadcasted when a tal ker port is created in a node. The tal ker information
i s updat ed depending not only on the tglker information reporting packet
broadcasted fromthe own node, but also"on the talker infor- mation
reporting packet broadcasted fromthe other nodes. 2.3.11 Conmmuni cati ng
with NNM  FoMultéicastoManagers BindaBesource Rediidsti. ssues a service
primtive "Isochronous Manager Control Request”, which in- cludes
paraneters |i 8t£0 Oomiunic wifhAsNIMt he status of the isochronous
manager 7. INI TIALI ZE: Initializes the status of the isochronous man-

ager 7.  TAL KE"Thb‘ﬁﬁu’iﬁ@Eﬁﬁ/Maanbi‘ 6 esnirmwinitAfedNhlodwitls thecNInEd 2

tal ker information reporting pack A service primtive "lsochronous

Manager Contr gl ¢ Loy -oufkhe ol kst Upthel LAMAE TERENSVRYS ptgRaACeT 7 Lo

NEM 9 in order he resuts of e control request na
itives listed below are defined in order for the communication

between the multicast manager 6 and the NIM 9 in the upper
layer. The NIM 9 uses these primitives to reset or initialize the
status of the multicast manager 6.

Multicast Manager Control Request: the NIM 9 issues this
primitive to the multicast manager 6. By this primitive, pa-
rameters listed below are passed:

RESET: Resets the status of the multicast manager 6.

INITTIALIZE: Initializes the status of the multicast manager

TALKER INFO RECEIVED: Notifies that the NIM 9 has
received a talker information reporting packet.

Multicast Manager Control Confirmation: the multicast man-
ager 6 issues this primitive to the NIM 9 in order to return
the results of the procedure executed in response to Multicast
Manager Confirmation Request.

Multicast Manager Event Indication: the multicast manager
6 issues this | primitive to the NIM 9 in order to report the

internal status of the multicast manager 6.

2.4.10 Bus reset handling



39 by the "Isochronous Manager Control Request". The status of the

| sochronous nmanager 7 is reported by a service prim- tive "lsochronous
Manager Event |ndication” issued fromthe isochronous nanager 7 to the NIM
9. 2.4 Multicast transfer service The multicast transfer service is
described bel ow. The nul - ticast data tgg@ansfer is an asynchronous and
connectionl ess data communi cation, which is perforned froma transmtting
port to nultiple receiving ports. In the nmulticast data transfer, the
transmitting porthesoperatiancof the hiusazesetaskdescribed helow.eleawnewi ng port
is called a "nmulticast listener”. The multicast data transfer is defined in
t he mLAN tranppde id agtroditcedrintadiie busc dhieobusseeses hisuexied ted 4o

mul ti cast channel nunber to a talker port before starting transm ssion via

t E?oﬁgL t i hlhi sesotanl thdpathbe and Keen e pathsidresreconsyhicted s€pd dat a
allocating new node IDs to the respective nodes. In this case,
the bus reset complete notification procedure is executed after
the bus reset handling procedure. The bus reset handling pro-
cedure is illustrated in Figure 22. If the bus reset occurs, the
NIM 9 issues a reset request (Multicast Manager Coﬁtrol Re-
quest (Reset)) to the multicast manager 6, which then launches
the bus reset handling procedure. Upon receiving the request,
the multicast manager 6 resets a packet counter to “0” in step
S800. Further, the multicast manager 6 clears the multicast
channel number stored in the multicast information table, and
rejects the multicast transmission request from the PIM 8 in
step S810, thereby terminating the bus reset handling proce-
dure.

After the bus reset is completed, the NIM 9 issues Multicast
Manager Control Request (Initialize) to the multicast manager
6. Upon receiving the request, the multicast manager 6 exe-
cutes the bus reset complete notification procedure. The bus
reset complete notification procedure is illustrated in Figure
23. If the multicast manager 6 stores a port ID in its own

multicast information table and a multicast channel number

corresponding to that port ID is cleared, this means that the



channel. Only the nulticast talker can actually transmit a nul- ticast
packet using a certain nulticast channel provided that the nulticast talker
is bound with the channel nunmber. The packet sent fromthe tal ker is not
addressed to a unique or in- dividual nulticast |istener, but the packet
IS broadcasted to all the nodes by thg broadcast facility defined in the

transaction |ayer 3. If a nmulticast packet arrives at a node, the
transaction | ayer 3 of_ that_node notifieg the nulticast, mangger of the
arrival . multicast channel number bound to #he port }segl@a.yggg%&g@[ i s

attached with a multicast channel num ber, which is allocated to the
cor r espondi ngpudresesaskthug) westens582Aathe mpulticastcmanagerfexteacts t he
desi gnati on node deter- mnes whether the packet should be accepted or not
by exam i ni mgtalkerartayhsheseresguncenisesleafiddiin theemulbicastinfor! ker
cannot recogni ze which of the nulticast listeners is actually
mation table. Then, in step S830, the manager 6 broadcasts
a talker information reporting packet containing the resource
(the multicast channel number). In step S840, it is tested if
the resource is newly obtained. If the resource is obtained,
the procedure goes forward to step S850, where the resource
(the obtained multicast number) is bound to the talker entry.
Then, in step S860, the PIM 8 is notified of the result of the
resource binding. In this case, the PIM 8 is notified of the
successful resource binding. On the other hand, if it is recog-
nized that the resource allocation has failed in step S840, the
PIM 8 is notified of the failure. The steps S840 and S850 are
illustrated in dotted blocks as the same reason as in the for-
mer section 2.4.5 (Binding multicast resources). Then, in step
S870, it is tested if there is a remaining talker entry to which
no multicast resource is bound. If there is such an entry, the
multicast resource binding procedure is carried out again with
returning back to step S820 in order to bind the resource to
all the talkers. If all the multicast talkers are bound with the
multicast resources, the proéedure is terminated.

2.5 PIM (Path Information Manager)
The PIM (Path Information Manager) 8 in the mLAN trans-



| i st ening. The mul ticast channel nunber bound to the nmulticast talker is
acquired by the binding operation of the nulticast manager 6 in the nmLAN
transport |ayer 10. The nmulticast channel nunber bound to the multicast
listener is selected fromones which are already bound to the multicast

tal kers. The nmechani smof the nulticest transfer is illustrated in Figure
3. In Figure 3, ports #1 and #3 of a node #1 functions as a nulticast

tal ker. These ports are respectively bound with nulticast channel nunbers
#2 and #4. | fperthiayerapd wilkthedesesibed hereunderssihe PEMuSsis poo- t he port
#1 of the node #1, the data is broadcasted to all the nodes in the |ocal
bus using t hevidednieth#2mIEASh transpoet biyeas10hend the PIVES setsket by the

broadcast facility. Upon receiving, the received packet is passed to the

MLAN transpordor esl8 lopdaall pathovetweay el tallkiethppit kihdiR, likgem@cket . I n
the nodes #2 and #3, either of "the ports #2 and #3 is functioning as a

g‘;'t ;i 8?5: hlei P&Rer TREEPTM\S 5388 PrHd ﬂﬁwﬁnf&ﬁatw 'ieﬁ?é’@eﬂ%%,%ﬁ%? the
of the path already configured, and the PIM 8 automatically
reconfigures the path after the initialization caused by a bus re-
set. However, the PIM 8 maintains the path information only
for the i)orts to handle the two transmission modes, which
are the isochronous transmission and the multicast transmis-
sion, among the three transmission modes defined in the mLAN
transport layer 10.

The PIM 8 provides services as listed below for upper layers.

A. Path configuration/release: Configures a path between
ports handling the isochronous transmission and the multicast
transmission. Configured paths can be released as well.

B. Path information memory: Stores the path information
configured by the PIM 8 services. The PIM 8 stores the path
information even while the power is turned off, and the logical
paths are reconfigured according to the stored path informa-
tion.

C. Reconfiguration of path after power-on: After the initial-
ization of the bus caused by power-on, the PIM 8 automatically
reconfigures the paths and restores the initial status of the path

configuration.



packet transmtted through nulticast channel #2 to its own multicast
|istener port. Thus, the nmulticast transfer is carried out. Simlarly, the
packet delivered to the port #3 of the node #1 is transferred through the
channel #4 to each node. The packet is received by the port #3 (bound with
the nulticast channel nunber #4) of thgg node #2. On the other hand in the
node #3, the nmulticast channel #4 is not bound to any port, so that the
nm_LAN transport | ayer 1Q qf the node 3 aban&gns t he packet received through
t he channel . Igﬂﬂlltln angge mmesta@%@s t @pplia nodul e
to obtain a rrult_l cast channel nunber for a port to execute the nulticast
transfer, andatioms,nthe RIMa&unakes inquiry abtnd the tpatds informagtions obt ai ns
a multicast channel nunber by issuing a talker in- formation reporting

packet. Furt her othérenoelesgesing & gathyasforinatior ddiniristrationnproto-
reporting packets issued fromother nodes within the local bus to create a

mul ticast i nfcbirrﬁrhérbtwlﬁo&@@ﬁﬁttﬂdtgaCMppyn@fsﬁe@mreb%ﬂmmﬁﬁe mul ti cast

chan- nel nunbers and the nulticast tal ker ports as shown in Fi gure 6. Upon

receiving the teijep Mfgrﬁ%mrageré 's@BVR%C{ﬁ?tsetté}?dri‘ésbt%ﬁiaé;’.ﬁa”ager 6

of each node determnes the t mul - ticast channel nunber depending
on, 1° o1 et il FPBSBASPHEL O RORIA' SR 0GR bR BT
information . remote node. However, the PIM 8 cannot configure a path

between talker and listener ports if théy are both located in a

remote node. This facility is provided by the bus manager as

a host application.

 2.5.1 Path setting
The path configuration procedure of the PIM 8 is illustrated

in Figure 24. The procedure is launched when the PIM 8 re-

ceives a request “PIM Set Path Request” from the host applica-

tion. Upon receiving the request, the PIM 8 obtains the prop-

erty of a relevant talker port in step S300. Then in step S310,

the PIM 8 sets the same property for the relevant listener port

as the talker’s property, which is previously acquired in step

S300. In step S320, the PIM 8 requests the lower layer module

(the isochronous manager 7 if the port type is isochronous, or

the multicast manager 6 if the port type is multicast) to bind

resources. The resource is bound only to .the listener in this

stage, since the talker is already bound with the resource. If

the path is successfully set, the path information table is up-



42 reporting packet transnitted fromits own node, the nulticast nanager 6
determ nes the nulticast channel nunber of its own node. The nulticast
information table is accessed by a nul- ticast listener to search a
mul ti cast channel nunber bound to a corresponding nulticast tal ker. The
mul ti cast manager 6 provides the bindisg i nformation upon a request from
the host application. The nulticast manager 6 is provided in every node

whi ch has a | ticast por ticast talker/multicast listener) tp execute
the nulticast @wﬁm s%@bﬁmbhlsmpéamm@ conmestion Aggns chazgs

resour ces The procedure for _obtaining and _binding nmulticast resources is
descri bed belfvom éfdiscongected’ gor ECornetheduiln step S340, thgaresalexecut es
the procedure for obtaining and binding nmulti- cast resources for a port to
create a mul tofcpathteorfegurafien gs xeported do the drostrapplivation ire reul ti cast
manager 6 receives a "Milticast Manager Bi nd Resource Request” fromthe

upper |ayer Ripdrse t6 thepegaest theeefroni CBstthinnrgel thebsascersbd a

tal ker information reporting packet for all the nodes. The tal ker

0o, BRSERMCERRSSatir f IRSRAIE T Mok il pats
configuration never fails, because the actual path configuration
is done by copying the already obtained resources of the talker
to the listener. Thus, the path configuration is completed.
2.5.2 Data transmission to path

Data transmission to the path is described hereunder refer-
ring to Figure 25. The transmission procedure is commenced
when the PIM 8 receives data to be transmitted from the up-
per layer. In step S360, the type of the port to transmit data
is identified by referring to the port information entries, which
are maintained by the N IM 9 and fbrmatted as shown in Fig-
ure 8. In step S370, it is tested whether the port type is talker
or not. If the port type is talker, it is tested whether the port
type is multicast or not in step S380. If the port is found
to be a multicast port, the PIM 8 transfers the data to the
multicast manager 6. The multicast manager 6 executes the
multicast transmission procedure as described above. If the
port is found to be an isochronous port, the procedure goes
forward from step S380 to S400, where the data is sent to the

isochronous manager 7. The isochronous manager 7 executes



associ ated with the Node Uni que ID and the port ID. If it is recognized
cast channel nunber is successfully obtained in step S610,

that a nmul ti
obt ai ned res

mul ticast talker in step

the PIMis n
the PIMS8 is
it is recogn
t he procedur

ource (multicast chan- nel nunber) is bound to a speci

fied

t he

43 S620. Then,

otified of the result of tRe resource binding. In this case,
notified that the binding is successful. On the other hand, if
the nul ticast.channel nunb al l ocatjon is failed,

gﬁed t hat
gosochsenany tramsnaissipsaneGes uge3showiy inhE1gere deb

ondi n

notification is passed to the PILM8, which term nates the pro- cedure.

procedure of
actual resou

therghy Serminadimg Ahd sransmissiondpreeedureckl, ithis des
rce binding process is done by broadcasting a tal ker

e the

i nformati on tepwed that thekport is not a talker inrgtepn@870nthe daveedureedur e
low. 2.4.3 Talker information update The NIM9 in each node
ivtentinsted. tal ker in- formation reporting packet, by which

descri bed be
recei ves the
the tal ker i
i nformation

The

nf ormati on update procedure is controlled. The talker

g
The

2P53 RePesifgupsth s expl ained hereunder referring to Figure 21.

The path release procedure is shown in Figure 26. The ex-
isting path information is stored in the path information table
maintained by the PIM 8 on the listener node. The PIM 8 exe-
cutes the actual path releasing procedure. The path is released
without confirmation by the talker. When the PIM receives a
request “PIM Release Path Request” from the upper layer,
the path release procedure is launched. In step S410, the PIM
8 checks that the path specified by the request is set for the
relevant listener port by searching the path information table
shown in Figure 4. In step S420, it is tested whether the path

is held in a connected state or not. If the path is connected,

the resource bound to the listener port is released, and the

corresponding entry is deleted from the path information table

in step S430. Then, in step S440, a response to the request is

returned to the upper layer. In this case, the successful release
is reported. If the path is not in the connected state in step
5420, the corresponding response is returned to the upper layer
in step 5440.

2.5.4 Bus resetting, talker information handling, and unsuc-



procedure is |aunched when the NNM 9 notifies the multicast manager 6 of

- the reception of the talker information reporting packet.
order to allocate a multicast channel

arrival

of the talker in- foormation reporting packet,

In step S750,
nunmber to each node in the order of
a packet counter

provided in the nulticast manager 6 i nsgach node is increnmented by "1".
mul ti cast manager 6 has the packet counter, which is reset to "0" upon the

bus reset and whj

after the buSessdtievent Bobifiostim
the nul ticast mapager_ 6 _updates the nulticast information ta- ble (Figure
6) contai ni ng thheomlnAdbnaespertalayey tthdyneasically gllocabes pochanD, and

mul ti cast channel

nunber according to the received tal ker information
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reporting paagedtto dibetherasynichronoastmattiedst transrnéssiahkso theftdimeat i on
reporting packet,

talker must obtain a new multicast channel number upon bus
reset. Thus, the multicast channel number bound to a talker
may differ before and after the bus reset. Consequently, the
listener cannot receive data without setting the same channel
number as the talker after the bus reset. Thus, the PIM 8 exe-
cutes a bus reset handling procedure at first, and then executes
a talker information update procedure. The bus reset handling
procedure is described below referring to Figure 27. The bus
reset handling procedure is launched when the NIM 9 issues a

request “PIM Control Request (Reset)” to the PIM 8 upon bus

reset. On receiving the request, the PIM 8 sets all connection

flags of the entries in the path information table to “DISCON-
NECTED?” in step S450. In this state, the path information
table is retained, but the data transfer according to the path
information is disabled. After the bus reset is completed, all
the nodes re-bind resources to isochronous and multicast talk-
ers in their nodes. If the resource re-binding is successful, the
updated information concerning the talkers are broadcasted in
the form of the talker information reporting packet formatted
as shown in Figure 9.

The arrival of the talker information reporting packet is no-

in

The

h counts received talker in- formation reporting packets



and the value of the packet counter is used as the resource in- formation
in order to create a talker entry. Then in step S770, the multicast manager
6 sends the tal ker information reporting packet to notify the PIM8 of the
update of the path informa- tion. In step S780, the NNM9 is notified of
the result of the up- date, which terri’hates the procedure. The nulticast
manager 6 which broadcasted a tal ker information reporting packet uses
the counter value at the tinme, of receiving the own packet as the nulticast
channel nunbéified frampdiemulsi % or the isachnendwhmentagerthe

maxi mum nunber of nulticast channels in the local bus is set to 256 (0 to
255). 1f the Tpbekhe REMh8dviadMd vent ndicatiomdyj ondIMibeent Thdi-ul ti cast
manager 6 reports that fact to the upper layer. 2.4.4 Milticast data
transmi ssi on catioig) hubo i thestt thiatalkemisforasationpupdederprocedigecis bed be-
low referring to Figure 19. The nulticast data transmssion is initiated

oo ey gashetoT e cecnen.on i poeninscd omi e oo
data to be sgftRjgure 29. In step S460, the PIM 8 in each node searches the
node unique ID in the path information table to find out the
entry of the talker relevant to the received talker information
reporting packet. Then, the property of that talker is identi-
fied in step S470. Further, the property of the listener which
is connected to the talker is identified in step S480. In step
S490, it is tested whether the talker and the listener can be
connected to each other. If the talker and the listener can be
connected, whether the port type is multicast or not is tested
in step S500. If the port type is multicast, the PIM 8 requests
the multicast manager 6 to bind multicast resources. Other-
wise, if the port type is isochronous, the PIM 8 requests the
isochronous manager 7 to bind isochronous resources. Upon
receiving the request, these lower layer modules bind resources
to the relevant listeners, and then return the results to the
PIM 8. Examining the returned results, the PIM 8 recognizes
whether the resource binding is successful or not in step S530.
If the resource is successfully bound, the connection flag in the
path information table is set to “Connected” in step S540. On

the other hand, if the relevant talker and the listener cannot be



45 searches the nulticast information table shown in Figure 6 in order to
obtain the multicast channel nunber bound to the nulticast talker to be
used. Then, step S680 issues a nulticast transfer request while sending the
data to be transferred to the transaction layer 3. Thus, the data is

mul ti casted. However in this nethod, t38 data is actually broadcasted so
that ACK is never returned. 2.4.5 Binding nmulticast resources (Listener)

In order to receiv mul ti.cast packet by a,multicast |istener, the same
mul ti cast chézﬁﬁ@lecgﬁ‘iﬂ@r el OHneEd TFPR ng PIOCceauERas exiesutedpe
provisionally bound _to the recipient |istener._ The, binding of the multicast
resources i slnistepty®ddTlhe ﬁ@:rbandllngwpmneihmeglqostﬁxe issalsormenced
upon receiving a "Milticast Manager Bi nd Resource Request” fromthe PIM 8.
First in stepxseutedtifidheutresorase bifdingafails in step $55360edFhiisd thend t he
specified port is bound wth the multicast channel nunber by which the data
is identifiedalker Rifepnfiion wpdateprocbduperis dompletedd nul ticast resource

(mul ticast channel num

The PIM 8 executes the talker information update proce-
dure whenever the PIM 8 receives the talker information re-
porting packet. However, if a node having a talker active before
the bus reset is removed and does not exist any more after the
bus reset is completed, the talker information reporting packet
is not broadcasted. In this case, the path entry corresponding
to the talker of the removed node is left as being “DISCON-
NECTED?”, so that the path is not restored even if the old path
information is retained. In such a case, the path information
is retained as it was, so that the path can be reconfigured if a
talker information reporting packet is broadcasted in response
to recovery of the once removed node on a next bus reset. The
PIM 8 may provide a service to erase such “retained but dis-
connected” path information for the upper layer. With the
reconfiguration of the path, the host applications can resume
transfer data before and after the bus reset.

The PIM 8 executes an unsuccessful event notification pro-
cedure shown in. Figure 28. The PIM 8 passes various unsuc-
cessful event reports from the lower layer modules to upper

layer modules.



ber) are witten as a new entry into the nulticast information table. In
step S660, the PIM8 is notified of the result of the binding procedure.
The |istener resource binding never fails, because there is only a binding
request to bind the resource to the channel which has already been

all ocated to a correspond- ing tal ker.59Thus, in this case, the PIMS8 is

notified of the 46 successful binding,
thereby term i t he procedure, rr the multicast resource is bound to
t he rrulticasglj'fl?itssﬁg}{@mu ’r@%%t"f’@bs ta can be received correctly. 2.4.6

Mul ticast data reception The, nul ticast data receptiqn _procedure is

expl ai ned here-TEl@déle&EfQVlﬁ]@Stﬁﬁl‘Fl@JPélmUilV% s&@i&]m ot @@ by t he

no- tification of the data reception fromthe transaction |ayer 3. First of
all in step BTanjcatmegteithethduUSIME&ion is detected if any. The nulticast
channel nunber attached to the multicast packet is that bound to the

mul ticast tal kePIMhiCGdntrad Regtiesiut the packet. Only one nulticast talker

deserves to be bound with a unique nulticast channel nunber. In other
words, each  PIM Control Confirmation

PIM Event Indication
The NIM 9 uses these service primitives to reset or initialize
the PIM 8 internals.
2.6 NIM (Node Information Manager)

The NIM 9 is located in the mLAN transport layer 10 of
each node, and has facilities listed below.
A. Initialization of the mLAN transport layer 10 according to
the bus status

The NIM 9 functions as the upper layer of the node con-
troller 4. The NIM 9 resets or initializes the internal modules
in the mL AN transport layer 10 depending on the change in
the bus status notified by the node controller 4.
B. Providing node information for remote nodes

The mLAN transport layer 10 provides services to exchange
data between ports, but a host application cannot access the
internal addresses in remote nodes. Each node has registers
to store various information and configuration located in its
internal addresses. In order to access such addresses in remote

nodes, the NIM 9 provides an interface for the host applica-



mul ticast talker transmts packets using a particular multicast channel
nunber. Thus, if the nulticast manager 6 recogni zes that two or nore
mul ti cast tal kers are sendi ng packets concur- rently with the sane
mul ti cast channel nunber, the procedure junps forward to step S730, where
the notification of data ar- rival toéthe PIM8 is stopped, and the
duplication is reported to the PIM 8 with sending the duplicated channel

nunber in- formti ther hand in, step S700, if the tal ker du-
plication istms-dgfhétcﬂéf,\f& a9y Pt HI2RSACHOM ROTT 6L SGCERESINAUTIAS t i cast
information table to identify the attending |istener port._Then in step
S720, if thefremeremoteanedesnakhe Heansaetion porbas NliMcpaet with the
channel nunber bound to the 47 nmul ticast
listener in {Heepotd ID of thadNEM pert s the samealli dverdtheonodes, andt ener .
The nul ticast manager 6 picks up all the nul- ticast packets upon the

notificationadf tHetaodesishajuldr knowheher posadD an ddvancd. Uporven, the
packet arrival is notified to the nulticast |istener port in the node, only

e 1 T SO e kSRS TR RS
by accessing the configuration ROM entries, port information
entries and so on.

C. Talker information reporting packet handling

The talker information reporting packet is issued by the
isochronous or multicast manager in case that an isochronous
or multicast talker port.is created. The talker information re-
porting packet is issued for the NIM ports of all the nodes in
order to deliver the information relevant to any talker port.
Upon receiving the packet, the NIM 9 passes the packet con-
tents to the isochronous manager 7 or to the multicast manager
6. Which manager is addressed is determined depending upon
the resource bound to the talker port. The operation of the
NIM 9 providing the facilities above will be described hereun-
der.
2.6.1 Port information inquiry

In binding of resources to a listener port within the own
node, the host application should know the resource bound to
the relevant talker port. In order to obtain such resources, the

host application inquires the NIM to get or collect the informa-



data‘packet. If there are two or nore destination |listeners, the nulticast
manager duplicates the data to deliver the data to these |isteners.

that the attached nulticast channel

t he node,

I n case

nunber is not bound to any listener in
t he packet is abandoned. As described above, the nmulticast data

reception procedure is executed correcggjy. 2.4.7 Communi cating with | ower

| ayer As shown in the foregoing,
| ayer
make the mul t1Q%&

transport

primtives |ist

the nmulticast nanager 6 in the nLAN
1Q .co i cate ith the. .transaction layer 3 in order to
@g t&‘%‘%ﬁﬁ% PBF. %P@Egﬂpfqréﬁ%’é}q IMGyEy REecadizreser vi ce

d bel ow.. which are defined in the tranpsaction |ayer 3.

Transacti on Dashorayisdigunec30yuUpensieceviagethe inquims requestyrthe tive to
the transaction layer 3 in order to initiate the multicast transm ssion.

The mul ti castNIMaOsstiagts dhei pracedurd. ekh step GO0y theNIMaAeacessexi ity in

the transaction |ayer 3,

a

the port information table toA8btdirnitsferimatiohypfan entry of
the port relevant to the inquiry, and returns the obtained infor-
mation to the upper layer. The information of a port provided
in a remote node is derived by making a transaction to and
from a corresponding NIM in the relevant node. The port in-
formation includes the port type and the resource information,
which are returned to the host application.
2.6.2 Talker information reporting packet handling

Upon receiving the talker information reporting packet, the
NIM 9 executes a handling procedure for the packet, which
is shown in Figure 31. Upon reception of the talker informa-
tion reporting packet, the NIM launches the procedure in step
5910, where the node information table is updated by writ-
ing the node ID and the node unique ID included in the packet
into the node information table. Then in step S920, it is tested
whether the type of the talker is isochronous or multicast ac-
cording to the resource bound to the talker port relevant to the
packet. If the talker port is an isochronous talker, the talker
information reporting packet is transferred to the isochronous
manager 7 in step S930. On the other hand, if the talker port

is a multicast talker, the reporting packet is transferred to the

so that a property BROADCAST WRI TE i s specified as



Transaction Data Indication: with this primtive, the multi- cast manager
6 is notified of the data arrival by the transaction |ayer 3. 2.4.8
Communi cating with PIM The nul ti cast manager 6 conmunjcates also with
the PIM 8. The service primtives listed below are defined in order for

t he conmuni cati on between the nulticasé2 manager 6 and the PIM8 in the
upper | ayer. Mul ticast Manager Data Request: the PIM 8 issues this

primtive to the,multicast manager, 6. ticas nagef 6 transfers the
data speci fi éauﬁtgcwenmmn fah stemﬁé]‘fﬁagﬂih £ toanstambe &B6 on: the
mul ti cast manager _6 issues this primtive_to the PIM8 in order to notify
that the mavper Byerstersginates thepacket handlingprocegarei cast Manager

Bi nd Resource Request: the PIM8 is- sues this primtive to the nulticast

manager 6. TI2e6:8Qomastnimtayg withblower l@peur ces to the port specified by
the prim The NIM 9 uses service primitives provided by the node

controller 4 to communicate therewith. The node controller 4
provides the service primitives listed below.

SB Control Request (SB.CONTROL.request)

SB Control Confirmation (SB-CONTROL.confirmation)

SB Event Indication (SB_.EVENT.indication)
2.6.4 Bus reset handling

If a bus reset occurs, the node controller 4 issues a bus reset
request (SB Event Indication (BUS RESET START)) to the
NIM 9. Upon receiving the request, the NIM 9 launches the
bus reset handling procedure. The operation of the bus reset
handling is shown in Figure 32. Upon receiving the bus reset
request, the NIM 9 issues a reset request (Isochronous Manager
Control Request (Reset)) to the isochronous manager 7 in the
mILAN transport layer 10. Then, in step 5960, the NIM 9
also issues a reset request (Multicast Manager Control Request
(Reset)) to the multicast managér 6. Finally in step S970, the
NIM 9 issues a reset request (PIM Control Request (Reset))
to the PIM 8. |

When the bus reset is completed, the node controller 4 is-

sues a Bus Reset Complete notification (SB Event Indication



itive. Wth this primtive, the PIM 8 passes the port ID and the nulticast
channel nunber which is required if the type of the port specified by the
port IDis MITICAST LI STENER Mul ti cast Manager Bi nd Resource
Confirmation: the nul- ticast nanager 6 issues this primtive to the PIM8
in order to return the results of thegprocedure executed in response to the
49 Ml ticast Manager Bi nd Resource Request. 2.4.9 Communicating with NIM
The multicas g C | | sQ.,wi e NlM 9 to carry. out the
mul ti cast da@%e@ﬁsﬁl’ é%ﬁﬁ@)ﬁﬁpﬁhe MM@S ﬁpﬁl’eﬁe%ﬂféﬂp fe def i ned
in order for the communjcation lﬁ}[vieen he | ti cast manager 6 and the NI M
9 in the uppéhe notification, the N aunches a bus reset complete proce-

dure shown in Figure 33. In the bus reset complete procedure,
the NIM 9 issues a reset complete message to the isochronous
manager 7 in the mL AN transport layer 10 in step S980. Fur-
ther, in step S990, the NIM 9 issues a reset complete message
to the multicast manager 6.

2.7 mLAN transport layer facility
2.7.1 Path information table

The path information table stores the path information pro-
vided for the listener ports (isochronous or multicast listener)
in the node. The path information table is maintained by the
PIM 8. The contents of the path information table are ac-
cessed also by the NIM 9, which can pass the path information
stored in the table to remote nodes. The format of the path
information table is illustrated in Figure 4. In the table, one
path information entry is composed of items relevant to one
path. The path information entry includes items listed below.

A. Port ID of the listener (16 bit): A port number in the
local node.

B. Port ID of the talker (16 bit): A port number in the
remote node.

C. Node unique ID (64 bit) of the node where the talker
resides: An ID to identify the remote node. It has 64 bit



I'ayerl. The NIM 9 uses these primtives to reset or initialize the status

of the nmulticast nanager 6. Mul ticast Manager Control Request: the NIM9
i ssues this primtive to the multicast manager 6. By this primtive, pa-
rameters |isted bel ow are passed: RESET: Resets the status of the

mul ticast manager 6. I NI TIALI ZE: Inié4alizes the status of the nulticast

manager 6. TALKER | NFO RECEI VED: Notifies that the NNM 9 has received a
tal ker informqatign reportin acket,. l.ti cast Manager Contr ol

Conf 11 mat 1 on JCREER BRE; EA (V. 15 gefined 40, SAVERFE LY 1 4ilBRRET 6 fhe NI M o
in order to return_the re lﬂts of the proIc dure execyted ip response to

Ml ticast Ma dACEr Nt %ﬁ%mque MUDEVER @veny

I ndi cation: the nmulticast nanager 6 issues this primtive to the NNM9 in
order to repdrus reseti or @ower-enaregetof the nul ti cast nanager 6.

D. Connection flag: A flag indicating the connection status
of the relevant path. Some path information table entry may
not be reconfigured after re-initialization due to change in the
network architecture such as absence of a corresponding node.
The flag indicates whether the path relevant to the entry is
actually established or not.

2.7.2 Node information table

The node information table stores information on the cor-
respondence between the node IDs and the node unique ID in
the local bus. The node information table is maintained by the
NIM 9. The NIM 9 updates the node information table after
a bus reset, since, in the mLAN, the node ID may be changed
by the bus reset. The node information table contains items
listed below, which are formatted as illustrated in Figure 5.

A. Node ID: An ID dynamically allocated to each node upon
the bus initialization.

B. Node unique ID: A 64 bit ID allocated in advance for
each node device. In the mLAN, upper 24 bits are allocated
for a Node Vendor ID, and lower 40 bits are aﬂocated for a

Vendor Unique ID. Thus, the uniqueness of the node unique

ID is assured.



2.4.10 Bus reset handling 50 The
operation of the bus reset is described below If a new node is introduced
into the bus, the bus reset is executed to reset all the paths, and then
the paths are reconstructed with allocating new node IDs to the respective
nodes. In this case, the bus reset conmgkete notification procedure is
executeg after the bus reset handling procedure. The bus reset handling
pro- cedure is illustrated in Figure 22, If the bus reset occurs, the NNM9
i ssues a resel.%.8qlyhelticaah imformationdgdle control Re- quest (Reset)) to the

mul ticast manager 6, which then launches the bus reset handling procedure.
Upon recei ving tBhermmlticast informbtiomsableisgaaimainedt by theaswek count er
to "0" in step S800. Further, the nmulticast manager 6 clears the nulticast

channel nunbeticsistrehiiagern6. Mhei talsle sturesnmformatadih eon e cefrest s t he
mul ticast transm ssion request fromthe PIM8 in step S810, thereby

o LS, BB gD e it oo het 1

node and the multicast resources bound to the ports. An entry
for each multicast port contains items listed below, which are
formatted as illustrated in Figure 6.

A. Port ID: A port ID of the port to which a multicast
resource is bound.

B. Port type: Type information indicating that the port is
a multicast talker or listener.

C. Multicast resource: A multicast channel number.

Upon bus reset, the multicast resource (channel number) is
cleared. The port ID of the multicast port is retained before
and after the bus reset, and a new multicast channel number is
allocated for each port after the bus reset complete. However,
the contents of the multicast information table are not retained
with respect to the power-reset (turning ON/OFF of the power
supply).
2.7.4 Isochronous information table

The isochronous information table is maintained by the isochronous
manager -7. The table stores information on the correspondence

between the port ID of the isochronous port in the node and

the isochronous resource bound to that port. An entry for

65



Nénagér Control Request (Initialize) to the nulticast manager 6. Upon

receiving the request, the nulticast nmanager 6 exe- cutes the bus reset
conpl ete notification procedure. The bus reset conplete notification
procedure is illustrated in Figure 23. If the nulticast manager 6 stores a
port IDinits own nulticast informatigg table and a nulticast channel
nunber corresponding to that port IDis cleared, this neans that the

51 rmulticast channel, nunber bound to the, port s al ﬁa{ed by, t he bus reset.
Thus, in step® dSOFHEORQNS | PR CRR iteras disteds glcﬂﬁl Wﬁhl(@w_tam, whose
resource is cleared ip the multicast infor-_mation table. Then, in step
S830, the mnb@éﬂaBtQA]@édi]d!ﬂ@a%ﬁ zn@gunﬁafa mation reporting packet
containing the resource (the multicast channel nunber). In step S840, it is

tested i f the rdoltert ID:ndwipordbiBi oédthe fparte to ewdnick eisoshobheiised, the
procedure goes forward to step S850, where the resource (the obtained

mul ti cast nunbeggurceslamenbotiad.he tal ker entry. Then, in step S860,
8 is notified of the result of the resource binding. In this case,

8 is notified ofBI Port type: Type information indicating that the port is

an isochronous talker or listener.

C. Isochronous resource: Resources bound to the port. An
isochronous talker is bound with an isochronous channel num-
ber and a bandwidth, while an isochronous listener is bound
with an isochronous channel number alone.

The content of the isochronous information table is retained
before and after the bus reset.

2.7.5 Port information entry

The Port information entry is maintained by the NIM 9,
and describes properties of each port created in the node. The
port information entry is located in the address space of the
node. The port information entry for each port is allocated
at an address offset, which can be uniquely identified by the
corresponding port ID. A remote node cannot directly access
the address of the port information entry. Each port informa-
tion entry contains items listed below relevant to the resource
corresponding to the port type. The format of the entries are
illustrated in Figure 8.

A. Port ID: A 16 bit ID allocated for each port to identify

the PIM
the PIM



successful resource binding. On the other hand, if it is recog- nized that
the resource allocation has failed in step S840, the PIM8 is notified of
the failure. The steps S840 and S850 are illustrated in dotted bl ocks as
the sane reason as in the for- nmer section 2.4.5 (Binding nulticast
resources). Then, in step S870, it is ®gsted if there is a remaining talker
entry to which no nulticast resource is bound. If there is such an entry,

returni ng backhit P&itep LROSTAUERGS olotes AttnLD; B SaFEE GBI rhe
resour ces, |t HOocAIREt LDt ef APREIIDUZPESPIRTIRa{E nPAMeS/ BiManager )
52 port | ayed elo.ate S¥edi aliasadetlpeahabl theisame M oighuut- thé ded | n
the mLAN transport layer 10, and the PIM 8 sets or configures a |ogical
pat h bet ween modesker port and a |istener
B. Port type: A type item indicating the transmission mode.
4 bits (d d d d) of the port type indicate the transmission mode
(multicast/isochronous/transaction), and other 4 bits (k k k k)
indicate the direction of the data transfer (send/receive/bidirectional).
C. Resource: Resources bound to the port. The resources
may vary depending on the type of the port.
2.7.6 Talker information reporting packet
The talker information reporting packet is broadcasted to
all the nodes within the local bus in order to notify that a
new port is created and is bound with certain resources. The
packet is broadcasted to the NIM 9 of all the nodes. In case
of the multicast talker, the talker information reporting packet
is broadcasted at the time of the port creation. The transport
layer 10 in each node allocates a multicast channel number for
multicast talkers in the order of the arrival of the talker infor-
mation reporting packets. In case of the isochronous talker, the
packet is issued when the isochronous manager in each node
has obtained the isochronous resources. The talker information

reporting packet includes items listed below, and its format is

illustrated in Figure 9.



port. The PIM 8 saves the path information representative of the path

al ready configured, and the PIM 8 automatically reconfigures the path
after the initialization caused by a bus re- set. However, the PIMS8

mai ntains the path information only for the ports to handle the two
transm ssi on nodes, which are the isogfgronous transmn ssion and the

mul ticast transm s- sion, anong the three transm ssion nodes defined in

the mLAN transpori |ayer_ 10 The, P M 8 pyovi des serv
bel ow for upper Aabacket ID:AAHFHI)WOdMiICQW &Lﬁbﬁ @@é@@

ices as Jisted

18 tajlsess a path

bet ween ports handling the isochronous transm ssion and the nulticast

transm ssi on. infonfiafiondrepomting gradketr el eased as wel | .

B. Path

i nformati on nmenory: Stores the path information configured by the PIMS8

servi ces. The PIB/ Talker port I pal pordfI®) roft iloe cesatedwballeert poerfaover is

turned off, and the |ogical paths are reconfigured according to the stored

pat h i nforma-

(¢ oMalker node ID: A node ID of the node to which the
relevant talker port belongs.

D. Talker unique ID: The 64 bit ID allocated for each node
as described above.

E. Talker resource information: Information about resources
bound to the created talker port.
2.8 mLAN cycle structure

An example of the above described mLAN cycle structure
is illustrated in Figure 34. In Figure 34, cycle #m is mainly
illustrated. Each transfer cycle has a nominal cycle period of
125 psec. The start timing (cycle sync) is sent from a cycle
master to all the node. The isochronous manager 7 receives the
cycle sync, and executes the isochronous transmission if there
is data to be transferred. In the isochronous transmission, only
one node can transmit the data under the arbitration control
of the physical layer 1. Thus, for example, the data corre-
sponding to thé respective bands are successively transferred
through isochronous channels J, K, ..., N as illustrated. The
isochronous data is transferred per unit of the transmission
cycle, since the bandwidth is respectively allocated to each

channel. When the isochronous transmission is finished, the



C. Reconfiguration of path after power-on: After the initial- ization of
the bus caused by power-on, the PIM 8 automatically reconfigures the paths
and restores the initial status of the path configuration.

53 D. Path information exchange: Upon request of host appli- cations,
the PIM 8 nmakes i nquiry about the pathe9nformation to other nodes using a
path information adm nistration proto- col. The other nodes include a

fl oppy disk driye, for, example. .The PI al sp prpvides, a,sepvi.ce to set
and reset a pBUHIGRSLIEANSIISSIOR, 4 %Eﬁqu“ﬁsa tngerothe soREolnal $he ker

port on a renote node. However, the PIM8 cannot configure a path between
tal ker and | imsniieasthananager ttheynathisexampleatchannels AgrlBtandofe. This
facility is provided by the bus nanager as a host application. 2.5.1 Path
setting Tharmeaused asf tlpe maultocasir drannels. din the i8ast transmis-at ed i n
Figure 24. The procedure is | aunched when the PIM8 re-

sion, a packet transmission may not finish within a transfer

cycle, since a preferred bandwidth can be obtained within a

certain limited range. In such a case, the multicast transmis-

sion is continued beyond the length of one transfer cycle. The

beginning of the next cycle (#m + 1) is delayed as illustrated.

The multicast transmission may be executed on demand only

when there is data to be sent, so that this method is suitable for

situations where data to be sent is discretely or intermittently

generated.

2.9 Using multicast transmission and isochronous transmission

From the application side, it seems that both of the multi-

cast and isochronous transmissions work in the same manner.

The data is transferred as if there is no difference between the

multicast and isochronous modes. Accordingly, a certain MIDI

data can be sent out by either of the two transmission methods

depending on the bandwidth required for the data and avail-

ability of the isochronous channels. In such a case, the talker .

port type may vary depending on the executed status of the

application, while the listener port type is copied from the type

of the talker port under the control of the path configuration

by the PIM 8. Thus, the user of the application, particularly

69



ceives a request "PIM Set Path Request"” fromthe host applica- tion. Upon
receiving the request, the PIM 8 obtains the prop- erty of a rel evant

tal ker port in step S300. Then in step S310, the PIM 8 sets the sane
property for the relevant listener port as the talker's property, which is
previously acquired in step S300. In sijgp S320, the PIM 8 requests the

| oner | ayer nodul e (the isochronous nanager 7 if the port type is

i sochronous, or the nulticast manager 6 if the paort type is nulticast) to
bi nd resour cébhe Hstenersuger,ecar Qmﬂi@mtbetlogtm pathe vethomtt eer- st age,
since the talker is already bound with the resource. If the path is
successf ul | y sideringhwhieh kransnrssiphomethbideisi to bp-used. In the talker

54 dated in step S330. In this update, a connection flag is changed from

" Di sconnect edipplicdtfonnsicles the trassissidAOmethed eanl beofelpetdd by
configuration is reported to the host application in re- sponse to the

request ther gheoRiset ot letefiifed! By ﬁh@%ﬁ@étibheaﬁ%%éitﬁgﬂlgudél ion is

notified. The above-described path Tonfiguration never ecause the

ngt fﬁg Itoglt Eeﬁ%ﬁdﬂfg Bhl B la¥aHAMRLBY TR TébdtorduseBaNdRbPt ai ned resources

2.10 Plug and play

Plug and play is a technique by which an electronic device
is used just by plugging the device without complicated con-
figuration. In the mLAN, all the data are transferred in the
multicast or isochronous transmission method, so that the de-
vices (nodes) cannot operate to exchange data without the
path configuration. To achieve plug and play operation in
mLAN, “Well-known” channel is defined in the present in-
vention, and a certain protocol is exchanged through a fixed
channel in the initial state so that data can be transferred at
least per the protocol basis. The Well-known channel assures
the data exchange in situations where no specific path is es-
tablished. Further, even if the path is established, the data
transfer may be impossible without the Well-known channel in
case that a new device (node) is introduced into the network.

With respect to receiving of data, a talker information re-
porting packet is broadcaéted ﬁpon the bus reset caused by
the new node introduction, so that the data can be received by

detecting the channel number bound to the talker port, and by



to the Iistener. Thus, the path configuration is conpleted. 2.5.2 Data
transm ssion to path Data transm ssion to the path is described hereunder
refer- ring to Figure 25. The transni ssion procedure is comenced when the

PIM 8 receives data to be transmtted fromthe up- per

| ayer. In

step S360,

the type of the port to transmt dataiis identified by referring to the
port information entries, which are nmaintained by the NNM9 and formatted

as shown in Fi ure 8. In ste

ed whet her t

- | S370,, it i t
oo o T o crdasitea istahel, BBt of the Drotots LyPe g conenAtS

type is nulticast

!
nul ti cast porthe ‘t&‘l@ePIIMl@- Dapiacle Bscase tha

ort type is

%% port

not in step S380. If the port .is found to he a
d Rosh

application can utdizeger 6.

The nul ticast rranai%er 6 executes the nulticast transm ssion procedure as

descri bed abdbe. in

rohatipor derivetiofroint a il tiple sofc hstemers ports.,

Ihe

procedure goes forward fromstep S380 to S400, where the data is sent to

t he i sochr on@asensihsgeding dHta, iseirtingnisudomenbgeause ¢xanstrdssion is
55 the isochronous transm ssion procedure shown in Figure 12,

impossible without affecting the status of the listeners.

For efficiency, the MIDI message can be sent in a packet
as it is. Any data, which does not require real time handling,
can be transmitted with other protocols such as a normal file
transfer protocol (FTP). The data such as digital audio data
can preferably be transmitted as a stream by the isochronous
transmission method.

Figure 36 shows another embodiment of the inventive mLAN.
This embodiment basically has the same construction as that
of the previous embodiment shown in Figure 1. Therefore, cor-
responding blocks are denoted by the same reference numerals
as those of the previous embodiment to facilitate understand-
ing of this embodiment. The present mLAN is implemented
by a computer system in which all of the nodes #1-#4 are
implemented in the form of a personal computer, and are con-
trolled by each CPU. The mLAN system is opéra.ted according
to application programs loaded into each of the nodes #1—#4
by means of a machine-readable media 50 such as an optical
memory disc and a magnetic memory disc.

Namely, as shown in Figure 36, in the mLAN according to



thereby term nating the transm ssion procedure. If it is de- tected that
the port is not a talker in step S370, the procedure is termnated. 2.5.3
Rel easi ng path The path rel ease procedure is shown in Figure 26. The ex-
isting path information is stored in the path information table naintained
by the PIM8 on the |istener node. They#I M 8 exe- cutes the actual path

rel easi ng procedure. The path is released without confirmation by the

tal ker. When the PIMreceives a request "PlIM Rel ease Path Request"” fromthe
upper | ayer, thecineentien) stheopluretisy wicthe nodescHddF#Fdrare eprenumi- t he PI M
8 checks that the path specified by the request is set for the rel evant

| i stener por tcdbleswitlt bneganbéhentb éxdtlamge informaations bndnto tréngeure 4. In
step S420, it is tested whether the path is held in a connected state or

not. If the derhdata,candetliebud i previded dobaoithdéstioheid theanedeport is
rel eased, and the corresponding entry is deleted fromthe path information

table in ste 4 ai@ToricorfifiPratidh. ofthé€ $ogias drovirtal {té S

returned to the upper layer. Inthis case, the successful rélease iIs

ted. If i het . "
reported |1 opgedlfy e oB¥ nbile el BAREF LAALE (osabeiR Fitafet 1o

correspondi ng spohse 1s returne e upper 2.5. 4

Bus resettingyr {1 tRltal TEEHI R nBRKY 138t GHW'pYRE Which is allocated

for accessing the bus and which is classified into the four types
~ of the isochronous talker, the isochronous listener, the multi-
cast talker and the multicast listener. For example, the node
#1 binds an isochronous channel number and a communication
band to the isochronous talker 1-T1 when the same is allocated
for isochronously transmitting the data labeled by the bound
isochronous channel number to the bus through the bound
communication band. The node #4 binds an isochronous chan-
nel number to the isochronous listener 4-R2 when the same is
allocated so that the isochronous listener 4-R2 can exclusively
receive data transmitted from another isochronous talker 1-T'1
allocated to another node #1 if the transmitted data is la-
beled by the same isochronous channel number as that bound
to the isochronous listener 4-R2. The node #3 binds a mul-
ticast channel number to the multicast talker 3-T1 when the
same is allocated for asynchronously br.oadca,sting data labeled
by the bound multicast channel number to the bus. The node

#2 binds a multicast channel number to the multicast listener



56 cessful event notification The nmLAN transport |ayer 10 dynamically
all ocates a chan- nel to use the asynchronous nulticast transm ssion, so
that the tal ker nmust obtain a new multicast channel nunber upon bus reset.
Thus, the nulticast channel nunber bound to a talker may differ before and
after the bus reset. Consequently, the78istener cannot receive data w thout
setting the sane channel nunber as the tal ker after the bus reset. Thus,

the PIM 8 exe; tes a bus reset ndl j n rqcedure at,first.. and then
executes a ti-ﬁﬁfw ?%rtg’é’ﬁ%fﬁleuﬁ @cC quggg&(i@%c & pulticastlis i ng
procedure is described below referring to Figure 27. (irhe bus reset handling
procedure i s 2-Rhotaa exalusivedy nregedve sdakes taansmisted "from cumother Request
(Reset)" to the PIM 8 upon bus reset. On receiving the request, the PIM8
sets all conmaulticast talkerd T hallecated$oianatherpaode #48 df the tpans-abl e to
"Dl SCON NECTED' in step S450. In this state, the path information table is

retai ned, butmittedddasatisdeblebed doe thei sepneontuiticast ichanfroeelatiivder s
di sabl ed. After the bus reset is conpleted, all the nodes re-bind resources

to isochronoyg ghat Baundas! th@kult®ésst Nstipdy 2/Rdes. | f the resource
re-binding is successful, the updated information concerning the talkers

]?(r)‘ra mg{ ?chast edfph  SPecifee Toftn, tA%rhashfittd hedPhhaothg ithé! o fHacket
isochronous talker and the multicast talker operates when the
logical paths are reset for broadéasting talker information rep-
resentative of resources including an isochronous channel num-
ber, a communication band and a multicast channel number,
which may be newly bound, respectively, to the isochronous
talker and the multicast talker upon resetting of the logical
paths, while a receiver node having either of the isochronous lis-
tener and the multicast listener operates when the broadcasted
talker information is received for newly binding resources in-
cluding an isochronous channel number and a multicast chan-
nel number to the isochronous listener and the multicast lis-
tener to thereby restore the logical paths. In such a case,
the receiver node saves path information representative of the
logical paths and newly binds the resources according to the
broadcasted talker information and the saved path informa-
tion to ensure correspondence between the resources of the re-
ceiver node and the resources of the transmitter node in terms

of the isochronous channel number and the multicast channel



as shown in Figure 9. The arrival of the talker information reporting
packet is no- 57 tified fromthe
mul ti cast manager 6 or the isochronous manager 7 to the PIM8 (via | M Event
I ndication (), or MM Event Indi- cation ()), so that the talker information
update procedure is launched. The tal ké# information update procedure is
shown in Figure 29. In step S460, the PIM 8 in each node searches the node
unique IDin the_path_information table,fo find out the entyy of the tal ker
rel evant to tmbmlz&.re&)@ zodehas s @@ommmca@lq;h@wéfutecﬁuﬁ@ t he
property of that talker is identi- fied in _step S470. Further, the property
of the 1istemomposed o protoeel layers including ar transpontt Jayesowhick t ep
S480. In step S490, it is tested whether the talker and the |istener can be
connect ed t o eatains lkar isddhromusahdenagerdfarhacduiirgdsochromeus aenect ed,
whet her the port type is nmulticast or not is tested in step S500. If the

MUl 1 oot T s e e e e e e T oahs aague, the PI M
8 requests t hghdrSef RN el cERBAIRo chrbAokisNthlkep CAn ANEhE i56ERHGRESs Upon
listener, a multicast manager for acquiring multicast resources
and binding the acquired multicast resources to either of the al-
located multicast talker and the multicast listener, and a path
information manager cooperating with the isochronous man-
ager and the multicast manager for providing an upper proto-
col layer with a service to set the logical paths and to manage
the set logical paths. Normally, the transmitter node is allo-
cated with both of the isochronous talker and the multicast
talker such that the transmitter node repeatedly carries out
a transfer cycle containing isochronous transmission of data
by the isochronous talker and asynchronous broadcasting of
data by the multicast talker, and such that the transmitter
node distributes the data each transfer cycle to either of the
isochronous talker and the multicast talker according to prop-
erty of the data and availability of the isochronous talker and
the multicast talker. In such a case, the transmitter node treats
mixture of continuous music data and discrete Iﬁusic data,
and distributes the continuous music data to the isochronous

talker while distributes the discrete music data to the multicast



réceiving the request, these lower |ayer nmodules bind resources to the
rel evant listeners, and then return the results to the PIM8. Exam
returned results, the PIM 8 recogni zes whet her the resource binding

successf ul

or

not in step S530. If the resource is successfully bou

ning the
S
nd, the

connection flag in the path informatiopstable is set to "Connected" in step
S540. On the other hand, if the relevant talker and the |istener ca
58 connected t%ﬁeach ot her, error handling procedure is executed i

S550. The err bRl

Zndl i ng procedure in step S550 is al so executed if

resource binding f(aéi'ls J,n step . S530. Thus, the tal ker information u

procedure is corﬁﬁ

es¢ribedrin theferegaing; @ccordingitioethe mnesent iinn

proce- dure whenever the PIM8 receives the talker information re-
packet. Howev¥ention,xintaal andilogical patles canthe eondigured withims the
renoved and does not exist any nore after the bus reset is conplete

tal ker i nf or naetwork épdepiendepsbken tlse @xhysﬁléalaﬁbmé@lﬂonlﬂbpdlbggsi q$

path entry corresponding to the talker of the renoved node’is

ft

nnot be
n step
t he
pdat e
updat e
porting
set is
d, the
e, the
as being

" DI SCON-  NECTEW), devideBadrd eenpricbed st @he! 866WHHE, 8VBALA | cdih@led- pat h

tablished between the two devices independently on the phys-
ical location thereof, and data can be exchanged through the
path. Thus, the data can be exchanged via the virtual paths
independently on the nétwork topology, so that the connecting
order of the multiple devices is never mistaken or irrelevant,
and the data can be transferred reliably. The data link can
be modified easily without changing the physical connection of
the devices, since the path is configured logically among the
devices. The virtual path information is stored in each device
connected to the network. Therefore, all the path information
of the whole network system can be saved in a memory media,
and the same network configuration can be restored easily and
instantly with loading the saved path information from the me-
dia. The present invention makes it possible to use not only
the isochronous transmission method in which the bandwidth
of the transmission is assured, but also the multicast transmis-
sion method with which data can be transmitted on demand
to specified multiple nodes. Thus, the data can be transferred

efficiently no matter how discrete data is generated. Further,



information is retained. In such a case, the path information is retained
as it was, so that the path can be reconfigured if a talker information
reporting packet is broadcasted in response to recovery of the once renoved
node on a next bus reset. The PIM 8 may provide a service to erase such
"retai ned but dis- connected" path infpgnmation for the upper layer. Wth
the reconfiguration of the path, the host applications can resune transfer
data before and after the bus reset. The PI M 8 executes an unsuccessful
event notifi gausishdata-suchi@seMHdlsdata enduaudrs datise whisls requdess vari ous
unsuc- cessful event reports fromthe | ower |ayer nodules to upper |ayer
nodul es. real time transmission, can be transadttel efficientiyuni cating with

NI M The PIM 8 provides service primtives |listed below for com

muni cating with the NIM 9. PI M Control Request



PI M Control Confirmation - PIMEvent Indication The NIM9 uses these
service primtives to reset or initialize the PIM8 internals. 2.6 NIM
(Node | nformati on Manager) The NIM 9 is located in the nLAN transport

| ayer 10 of each node, and has facilities liste [nitialization
of the mLAN transport |ayer 10 according to the mlmgimﬂ"'ﬁ u;‘m1 NI M9
functions as the upper |ayer of the node con- tre SN WV O resets
or initialize Eh Jnternal, nodules in the nLAN transport |ayer 10

dependi ng on W agﬂﬁ aimgedid§e bus status notified by the node controller
4. B. Providing node information for renote nodes The mLAN transport

| ayer 10 provides services to exchange . data between ports, but a host
application canhof actworkisystem comaprisigesses in renote nodes. Each node
has registers

a plurality of nodes communicable with one another to
exchange information and to transfer data; and a bus pro-
vided for connection to the nodes and for configuration of
logical paths to logically link one node to another node so

as to secure transfer of the data, wherein

each node has at least one port which is allocated for ac-
cessing the bus and which is classified into four types of
an isochronous talker, an isochronous listener, a multicast

talker and a multicast listener,

each node binding an isochronous channel number and a
communication band to the isochronous talker when the
same is allocated for isochronously transmitting the data
labeled by the bound isochronous channel number to the

bus through the bound communication band,

each node binding an isochronous channel number to the
isochronous listener when the same is allocated so that
the isochronous listener can exclusively receive data trans-
mitted from another isochronous talker allocated to an-
other node if the transmitted data is labeled by the same
isochronous channel number as that bound to the isochronous

listener,



s

to store various information and configuration located in its jnternal

addresses. In order to access such addresses in renot
provi des an interface for the host applica- Iﬁ‘ wU @l
60 tions. The NIM 9 has a transaction port to acce renot e

nodes. The transaction port is called N8V port. The port ID of the NIM
port is the sane all over the nodes, and all the nodes should know t he port

I D in advance. Upon the M9 retur n n relevant to
the inquiry by aé@@ﬁ&@ih@d{% MECE@QQQ Ur]@g’ "E*m ¢ BBYrmat i on
entries and so on | ker |nfornat|on reporting_ packet handllng The
tal ker informati oﬁlqaé‘p&afkergwm&e B@In%lﬁﬁbﬁo Q(ﬁ for asynchronously
broadcasting data labeled by the bound multicast channel

number to the bus, and otherwise

each node binding a multicast channel number to the mul-
ticast listener when the same is allocated so that the multi-
cast listener can exclusively receive data transmitted from
another multicast talker allocated to another node if the
transmitted data is labeled by the same multicast channel

number as that bound to the multicast listener.

2. A network system according to claim 1, wherein a trans-
mitter node having either of t.he isochronous talker and the
multicast talker operates when the logical paths are reset
for broadcasting talker information representative of re-
sources including an isochronous channel number, a com-
munication band and a multicast channel number, which
may be newly bound, respectively, to the isochronous talker
and the multicast talker upon resetting of the logical paths,
while a receiver node having either of the isochronous lis-
tener and the multicast listener operates when the broad-
casted talker information is received for newly binding re-
sources including an isochronous channel number and a

multicast channel number to the isochronous listener and



I sochronous or nulticast manager in case that an isochronous— or-Tulticast
tal ker port is created. The tal ker information rBIl'“HMM“H“ t is

i ssued for the NIM ports of all the nodes in ord mﬂm
information relevant to any talker port. Upon reteiVirdg thespatket, the
Nl M9 passes the packet con- tents to79he i sochronous nanager 7 or to the

mul ticast manager 6. Wich manager is addressed is determ ned dependi ng
upon the resourc

e.bound to the tal ker port. The operation.of. the, NIM 9
providing the fadie Lt isterer toctluisha BettoRe (D oEieet PASHS: 1 Port

information inquiry I n binding of resources to a |listener port within
el evant | tal keP- phr ROCWATE, YLORD ASCOEHHE den 8D FhoBBEroR, ot
appl i cation | nqmée?%e% Qleo&!, I\s/lagrgs gpeatJtﬁ)rinf(?rlnllg%itont ?gpi'gsfe?{tg%i_ve of the
logical paths and newly binds the resources according to
the broadcasted talker information and the saved path in-
formation to ensure correspondence between the resources
of the receiver node and the resources of the transmitter

node in terms of the isochronous channel number and the

multicast channel number.

4. A network system according to claim 1, wherein each
node has a communication architecture composed of pro-
tocol layers including a transport layer which contains an
isochronous manager for acquiring isochronous resources
and binding the acquired isochronous resources to either
of the allocated isochronous talker and the isochronous
listener, a multicast manager for acquiring multicast re-
sources and binding the acquired multicast resources to
either of the allocated multicast talker and the multicast
listener, and a path information manager cooperating with
the isochronous manager and the multicast manager for
providing an upper protocol layer with a service to set the

logical paths and to manage the set logical paths.

5. A network system according to claim 1, including a trans-



61 tion of the talker port. The port information’inquir S
shown in Figure 30. Upon receiving the inquiry remu“ﬂ\m\m@l‘ﬂlgt arts
the procedure. In step S900, the NIM 9 accesses t ! NS on table
to obtain information of an entry of the port relevant to the inquiry, and
returns the obtained infor- mation to ghe upper layer. The information of a

port provided in a renote node is derived by nmaking a transaction to and
froma corresponding NIMin the relevant node. The port in- formation

i ncl udes the portmigper andet aBocated veishi hobth raft thve isahiremanrsetalkenr ned to
t he host application. 2.6.2 Talker information reporting packet handling
Upon recei vi ng t hantdathemulticastealker sedothabdhesraasmither Nodedresxecut es

a handling procedure for the packet, which is shown in Figure 31. Upon

reception of the pahkedly sherisoutiaptransfer tydle cntiething ioddrdnoigches

the procedure in step S910, where the node information table is updated by

wit- ing the nodgrdddalsbidéRofdaea Wy ¢4 is8chpehBidtdlket hd into
the node information table. Then in Step S920, it is tested whether the

type of the tal keﬁh.iénbﬁgg}ﬁ)%%%%ti?{g ﬁiah{& eﬁﬁgmﬁﬁ’%@%im&h& esour ce

bound to the tal ker port réeleva e pac er port is an

i sochr onous tal keg, f g, tiakier LLOGTRLI 90 d BNk IBG:EREKE adf LoRo erred
transfer cycle to either of the isochronous talker and the
multicast talker according to property of the data and
availability of the isochronous talker and the multicast

talker.

6. A network system according to claim 5, wherein the trans-
mitter node treats mixture of continuous music data and
discrete music data, and distributes the continuous music
data to the isochronous talker while distributes the dis-

crete music data to the multicast talker.

7. A data transfer method in a network system comprised
of a plurality of nodes communicable with one another
to exchange information and to transfer data, and a bus
provided for connection to the nodes and for configuration
of logical paths to logically link one node to another node
so as to secure transfer of the data, the method comprising

the steps of:

allocating to each node at least one port which is used for



manager 7 in step S930. On the other hand, if the t
mul ticast tal ker, the reporting packet is transferr
62 multicast nanager 6 in step S940. The packet tr

ST T OB

| ayer terminates the packet handling procedure. 2.6.3 Comtni®%tating with
| ower | ayer The NIM 9 uses service gimtives provided by the node
controller 4 to comunicate therewith. The node controller 4 provides the

service primtives |isted, bel ow. SB. Cont r ol gyes SB request)
25 Gontr ol Cont | ARSESONE UhS CNTRedl WHIH i SR oL 180 EOBR LN Tt | on
(SB_EVENT. i ndi cation) 2.6.4 Bus reset hand]ing Lf a bus reset occurs, the
node control | er An isaadyonaistalkes; andgossronees Bistener,araultieast BUS

RESET START)) to the NIM 9. Upon receiving the request, the NIM 9 | aunches
the bus reset hartdilken apdbaentalticaghdistpnent i on of the bus reset handling

I's showmn in Figure 32. Upon receiving the bus reset

binding an isochronous channel number and a communi-

cation band to the isochronous talker when the same is

allocated to the node for isochronously transmitting the

data labeled by the bound isochronous channel number to

the bus through the bound communication band,

binding an isochronous channel number to the isochronous

listener when the same is allocated to

the node so that

the isochronous listener can exclusively receive data trans-

mitted from another isochronous talker allocated to an-

other node if the transmitted data is labeled by the same

isochronous channel number as that bound to the isochronous

listener,

binding a multicast channel number to the multicast talker

when the same is allocated to the node for asynchronously

broadcasting data labeled by the bound

number to the bus, and otherwise

multicast channel

binding a multicast channel number to the multicast lis-

tener when the same is allocated to the node so that the

multicast listener can exclusively receive data transmitted

from another multicast talker allocated to another node



request, the NIM 9 issues a reset request (Ilsochronous Manager Control
Request (Reset)) to the isochronous nmanager 7 in the nLAN transport |ayer
10. Then, in step S960, the NIM 9 al so issues ' f | ticast
Manager Control Request (Reset)) to the wlticgs’lmm#ﬂ’lﬁgyﬁglly in
step S970, the NIM 9 issues a reset regpest (Pl M Contnol nRe (Reset))
to the PIM 8. When the bus reset is conpleted, the node controller 4 is-

sues a Bus Reset , |l ete notifi,cation (SB Event |ndication )

63 (BUS RESET c@ﬁ%%@;@nﬁrelﬁtﬁé dpkpds ed bwhe Ramte TRultieast i cati on,
the NIM | aunches a bus reset conplete proce- dure shown in Figure 33. In
the bus reset coghiaanelpambernr as til@é bownd tedbesmultioast listepest e nmessage
to the isochronous nanager 7 in the nLAN transport layer 10 in step S980.

Fur- ther, in ste 990, the NIM 9Q issues reset .conpl ef e ssage to the
mul ti cast rranagerﬁfsi.sata transfenme BGPPY‘E‘H%&FOP&%!IHPL#@&EH CPRRh
information table _ . . .

prising the steps of operating a transmitter node having

either of the isochronous talker and the multicast talker
when the logical paths are reset for broadcasting talker in-
formation representative of resources including an isochronous
channel number, a communication band and a multicast
channel number, which may be newly bound, respectively,
to the isochronous talker and the multicast talker upon
resetting of the logical paths, and operating a receiver
node having either of the isochronous listener and the
multicast listener when the broadcasted talker informa-
tion is received for newly binding resources including an
isochronous channel number and a multicast channel num-
ber to the isochronous listener and the multicast listener

to thereby restore the logical paths.

9. A data transfer method according to claim 8, further com-
prising the step of operating the receiver node to save
path information representative of the logical paths and
to newly bind the resources according to the broadcasted
talker information and the saved path information to en-

sure correspondence between the resources of the receiver



'i'he path information table stores the path information-.pro-. vided for the

i stener ports (isochronous or nulticast |ist ) - node. The path
information table is nmaintained by the PIM 8’%1}"» EB luﬂl t he path
nformati on table are ac- cessed al so by the c9, L #Al pass the path
nformation stored in the table to rera®@ e nodes. The format of the path

nformation table is illustrated in Figure 4. In the table, one path

nformation entry i$ co sed of ite nel evant tqQ one path., The th
i nformati on ent r RIdR ARYEIIS FRIRITGeS b PR mitRer Bode Phtermsd | | st ener

(16 bit): A port npunber.in the |ocal  node B., Port 1D, of the talker (16
bit): A port nu iSAChERNEURE aumbeprandthe panlbicastshannel ¢) of
t he node where the talker resides: An IDto identify the renote node. It
has 64 bit number. 64 length and the value is

defined in advance by a nmaker of a node device. The node unique IDis never

changed even by bus.reset or, power-on reset. ]
J 16. A data transter method a,ccoré.lng to claim 7, further com-

prising the step of operating a transmitter node allocated
with both of the isochronous talker and the multicast
talker such that the transmitter node repeatedly carries
out a transfer cycle containing isochronous transmission
of data by the isochronous talker and asynchronous broad-
casting of data by the multicast talker, and such that the
transmitter node distributes the data each transfer cycle
to either of the isochronous talker and the multicast talker
according to property of the data and availability of the

isochronous talker and the multicast talker.

11. A data transfer method according to claim 10, further
comprising the step of operating the transmitter node to
treat mixture of continuous music data and discrete mu-
sic data, and to distribute the continuous music data to
the isochronous talker while distributes the discrete music

data to the multicast talker.

12. In a network system comprised of a plurality of nodes
communicable with one another to exchange information

and to transfer data, and a bus provided for connection



D. Connection flag: A flag indicating the connection status—of-the Tel evant
path. Sonme path information table entry nay not be reconfl
re-initialization due to change in the network ar lﬂ mﬂﬁs absence
of a correspondi ng node. The flag indicates wheth ant to

the entry is actually established or n@gy 2.7.2 No e |nformat|on tabl e
The node infornmation table stores information on the cor- respondence

bet ween t he nodeIDs and the no unique ID[n t | pcal . The pode

i nf or mation tabl etpst hﬁanﬁﬁﬁﬁrﬁ%g&9 Lﬁﬁ'%%mmﬁgeiﬂ B%ééﬁ é@qﬂgb' node
information table after a bus reset, since, in the mLAN, the node |ID may be
changed by the busallyshnk ome nedeste another node smps tosecuiredransfer | i st ed
bel ow, which are fornmatted as illustrated in Figure 5. A. Node ID: An ID

dynami cal |y al | ocafethe datach madhinpreatdbabldnsedid contaimngdastruc-B. Node
unique ID: A 64 bit ID allocated in advance for each node device. In the

MLAN, upper 24 bi o &)ﬁéﬁ@bhhgfﬂi@ﬁe’@wbbld%%lmoﬁo berfornd al wieghod0 bits

are allocated for a Vendor Unique ID. Thus he uni queness of the node
uni que ID is assuicggnprising the steps of:

allocating to each node at least one port which is used for
accessing the bus and which is classified into four types of
an isochronous talker, an isochronous listener, a multicast

talker and a multicast listener,

binding an isochronous channel number and a communi-
cation band to the isochronous talker when the same is
allocated to the node for isochronously transmitting the
data labeled by the bound isochronous channel number to

the bus through the bound communication band,

binding an isochronous channel number to the isochronous
listener when the same is allocated to the node so that
the isochronous listener can exclusively receive data trans-
mitted from another isochronous talker allocated to an-
other node if the transmitted data is labeled by the same
isochronous channel number as that bound to the isochronous

listener,

binding a multicast channel number to the multicast talker

when the same is allocated to the node for asynchronously



65 2.7.3 Multicast information table The multicast infornation table is

mai nt ai ned by the nul -

ti cast manager 6. The tabl'e storés information on

the corre- spondence between the port IDs of the ' '
node and the multicast resources bound to the portﬂ” nﬂmﬂﬂﬂﬂ @ﬂ"

mul ticast port contains itens |isted Bel ow, which are Forom
Illustrated in Figure 6. A. Port ID: A port IDof the port to which a

mul ti cast resour

e i § bound. ., Port. type:, T i nf.ormati on i ndi
That the port I'sbraaderehbg.datafaksiog by Dednerbd rgicagt chanma

resource: A nult

resource (channeBumRBBAP §

13.

I casp channel _nunber Upon bus reset, the nulti
rl@ bus, and otherwise

binding a multicast channel number to the multicast lis-
tener when the same is allocated to the node so that the
multicast listener can exclusively receive data transmitted
from another multicast talker allocated to another node
if the transmitted data is labeled by the same multicast

channel number as that bound to the multicast listener.

A machine-readable media according to claim 12, wherein
the method further comprises the steps of operating a
transmitter node having either of the isochronous talker
and the multicast talker when the logical paths are reset
for broadcasting talker information representative of re-
sources including an isochronous channel number, a com-
munication band and a multicast channel number, which
may be newly bound, respectively, to the isochronous talker

and the multicast talker upon resetting of the logical paths,

n the
each

cating

cast

and operating a receiver node having either of the isochronous

listener and the multicast listener when the broadcasted
talker information is received for newly binding resources
including an isochronous channel number and a multicast
channel number to the isochronous listener and the mul-

ticast listener to thereby restore the logical paths.



cleared. The port ID of the nmulticast port is retained before and after
the bus reset, and a new nul ticast channel nunber is allocated 6 each
port after the bus reset conplete. However, the ﬂml | ticast
information table are not retained with respect ﬁm,m m‘@!ﬂ? (tur n| ng
OV OFF of the power supply). 2.7.4 |s86hronous ifif of meiti an

I sochronous information table is naintained by the |sochronous rranager 7

The table stores |[nforgation tlhe cqQrrespongence ef wee e port 1D of
the i sochronodé- p/&rma, mﬂ@eﬁﬁa@ gﬁae 19 ACCRIME O alrr@s rw e56lhd to
that port. An entry for '

66 the method further comprises the step of operatmg the re-

ceiver node to save path information representative of the
logical paths and to newly bind the resources according to
the broadcasted talker information and the saved path in-
formation to ensure correspondence between the resources
of the receiver node and the resources of the transmitter
node in terms of the isochronous channel number and the

multicast channel number.

15. A machine-readable media according to claim 12, wherein
the method further comprises the step of operating a trans-
mitter node allocated with both of the isochronous talker
and the multicast talker such that the transmitter node re-
peatedly carries out a transfer cycle containing isochronous
transmission of data by the isochronous talker and asyn-
chronous broadcasting of data by the multicast talker, and
such that the transmitter node distributes the data each
transfer cycle to either of the isochronous talker and the
multicast talker according to property of the data and

availability of the isochronous talker and the multicast

talker.

16. A machine-readable media according to claim 15, wherein

the method further comprises the step of operating the



each isochronous port contains itens |listed below, which are formatted as
illustrated in Figure 7. A. Port ID. A port .I D of--the port 1o which

i sochronous resources are bound. B. Port type: i Tl
indicating that the port is an isochronous talk r‘lﬁlﬂﬁ‘“ﬂﬂ“mﬂw C.

| sochronous resource: Resources bound8t7o t he por¥% L renous tal ker is
bound w th an isochronous channel num ber and a bandw dth, while an

i sochronous listener is bound with an i sochronous,.channel nunber .al one.

The content of tgm%@étﬁeénawq kPobrRAt SRL%ABECOf CORIRIRNS BaYCe and
after the bus reset. 2.7.5 Port inforpation entry, The Pqrt information
entry is maintai Aadamnd disonete gnugiy Gﬁ%,c&mgé@ Qﬁeeéh%ﬁoﬁb]éh port
created in the node. The port information entry is located in the address
space of the noduousmusic dataftorthe isocheonoustelkermwhileodistrdbutiasocat ed at
an address offset, which can be uniquely identified by the correspondi ng
port ID. A renot¢gheadisceetenmiusicrdata Yo dbecrmltivastédddkes of the port
information entry. Each port informa- tion entry contains itens |isted

bel ow rel evant to the resource corresponding to the port type. The format
of the entries are illustrated in Figure 8. A. Port ID. A 16 bit ID

all ocated for each port to identify




67 the port. The uniqueness of the port IDis assured within a node. A
port |1 D of special purpose ports (e.g. PIM8/ NM9 etc.) are fixedly

- allocated, and all the sane throughout the nodes. B. Port type: A type
itemindicating the transm ssion node. 4 bits (d d d d) of the port type
i ndi cate the transmi ssion nmode (multi &st/isochronous/transaction), and

Csendrecel ver SOFALARER REPWORICTIANSFRRRING SRTATISNG ne por

The resources may vary depending on the type of the port. 2.7.6 Tal ker

i nformati on r epolSOGHRONEOUS AN ASY NCHRONQUS CHANNELSNg packet is

broadcasted to all the nodes within the local bus in order to notify that a

new port is created and is bound wt i esources. The packet is
broadcasted to the NIM 9 of all the‘&@@iﬁ\cﬁase of the multicast talker,

the tal ker information reporting packet is broadcasted at the time of the
Channel nunber {dB AAEPURTK DECEENsa: PIUTRLLS: BEROSeS: RS SOMUBIIGE-( he
the o MO PR Witn' 66" anothdr o exchange miormation and to transfer.
data, and a bus is provided for connection to the nodes and
for configuration of logical paths to logically link one node
to another node so as to secure transfer of the data. Each
node has at least one port which is allocated for accessing the
bus and which is classified into four types of an isochronous
talker, an isochronous listener, a multicast talker and a multi-
cast listener. Each node binds an isochronous channel number
and a communication band to the isochronous talker when the
same is allocated for isochronously transmitting the data la-
beled by the bound isochronous channel number to the bus
through the bound communication band. Each node binds an
isochronous channel number to the isochronous listener when
the same is allocated so that the isochronous listener can exclu-
sively receive data transmitted from another isochronous talker
allocated to another node if the transmitted data is labeled
by the same isochronous channel number as that bound to
the isochronous listener. Each node binds a multicast channel
number to the multicast talker when the same is allocated for
asynchronously broadcasting data labeled by the bound mul-
ticést channel number to the bus. Otherwise, each node binds

a multicast channel number to the multicast listener when the



packet is issued when the isochronous manager in each node has obtained the
i sochronous resources. The tal ker information reporting packet includes
itens listed below, and its format is illustrated in Figure 9.

68 A. Packet ID: An IDto indicate that the packet is the tal ker
information reporting packet. B. Tal®er port ID: A port ID of the created
tal ker port. C. Talker node ID: A node |ID of the node to which the

relevant tal Eﬁfneogsr 511@%59&9 0 th&nt}gélrggitlggéﬂggt%ﬁ%&zgﬁ & (}Bﬁvell?

al l ocated for ‘eac € as escr res
i nformation: _|nf.or on,_about. rces bo nd to ed tal ker port.
25 mLAN oy cFePP. Rek crttRiitk e ioBE g, sfuldadt BRlE T ele Cyc e
structure is i trated | 1,gur, I n Figu mai nly
Ll et 1ot et cibed Yoramethar RodRdt fhe faaﬁ'@mlﬁgfréé%ﬁiaae\s@é%eﬁgﬁ?fy the
[err]sec. The start tjmng (cycle syq) IS ﬁ fr3¥1 il

same multicast channel number as that bound to the mult1cast

listener. (Figure 1)
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master to all the node. The isochronous manager 7 receives the cycle sync,
and executes the isochronous transmssion if there is data to be
transferred. In the isochronous transm ssion, only one node can transmt
the data under the arbitration control éﬁ t he physical layer 1. Thus, for
exanple, the data corre- sponding to ﬂHP'Zespective bands are successively
transferred through isochronous channels J, K, ..., Nas illustrated. The

i sochronous data is transferred per unit of the transm ssion cycle, since
the bandwi dth is respectively allocated to each channel. When the

i sochronous transm ssion is finished, the

69 mnulticast transm ssion is executed under the control of the nulticast
manager 6. In this exanple, channels A, B and C are used as the nulticast
channels. In the nmulticast transm s- sion, a packet transm ssion may not
finish wthin a transfer cycle, since a preferred bandw dth can be obt ai ned
wthin a certain limted range. In such a case, the nulticast transm s-
sion is continued beyond the I ength of one transfer cycle. The begi nning of
the next cycle (#m+ 1) is delayed as illustrated. The nul ticast
transm ssi on may be execgged on demand odﬁ&
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when there is data to be sent, so that this nethod is suitable for
situations where data to be sent is discretely or intermttently generated.

2.9 Using multicast transm ssion and i sochronous transm ssion From t he
application side, it seens that both of the nmulti- cast and isochronous-
transm ssions work in the same manneré e data is transferred as if there
I's no di fference etwegn the nulticast and isochronous nodes. Accordingly,
a certain MD a can—be sent out by either of the two transm ssion
met hods dependi ng@n thé\ bandwi dth required for the data and avail- ability
of the |sochr01uu> THETMTETS] | n suck a 8asepthe tal ker port type may vary
dependi ng on the executed sfatus of the appl\ cation, while the listener
port type is copied fromet hg type oféthg\ tal ker port un®r thessontrol of
the path confi ﬁa{—}p by—tpe Pl M US el ser of ttye application,
particularly ®) 69
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sidering which transm ssion nethod is to be used. In the tal ker application
side, the transm ssion nethod can be selected by the user or determ ned by
the application automatically de- pending on the availability of the

i sochronous bands. 2.10 Plug and pl ay Plug and play is a technique by

whi ch an el ectronic device is used | y pluggi ng the device w thout
conplicated con- figuration. In the nLAN, all the data are transferred in
the multicast or isochronous transm ssion nethod, so that the de- vices
(nodes) cannot operate to exchange data without the path configuration. To
achieve plug and play operation in nLAN, "Well-known" channel is defined in
the present in- vention, and a certain protocol is exchanged through a
fixed channel in the initial state so that data can be transferred at | east
per the protocol basis. The Well-known channel assures the data exchange in

situations where no specihAlC path | t ablji shed, Further, even if the
path is established, th ﬁ$§ran‘ y bg inpogsible wthout the

Vel | - known channel in éﬁs icel|(node) is introduced into the
net wor k. Wth r " reecei Vi data, a tglker information re-
porting packet is eppon S rdaset cgused by the new node
introduction, so that ti <Can | eivegd by detecting the channel

nunmber bound to the tagg r rlés, a

- N\
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71 creating a listener port of the protocol type corresponding to the

tal ker port. In such a case, the host application can utilize the
informati on derived froma nmultiple of Iistener ports. In case of sending
data, nothing is done because transgﬁon I's inpossible without affecting
the status of the listeners. For i«¢i ency, the M DI nessage can be sent
In a packet as it is. Any dateFIV\Ggg%noasrequi re real tinme handling,
can be transmtted with other Iprio h a normal file transfer
protocol (FTP). The data such as digital audio data can preferably be
transmtted as a stream by the isochronous transm ssion nethod. Figure 36
shows anot her enbodi nent of the inventive nmLAN. This enbodi nent basically
has the same construction as that of the previous enbodi mrent shown in
Figure 1. Therefore Iﬁm tﬁgk mﬂEe nﬁﬁby t he sane
reference nuneral s gﬁms ?%Ii _uj (:E o facilitate
understand- ing of this enbodinment. The present nmLAN is inplenented by a
conput er systenrTim rch—att—oft4 ! #i—H#4areTptemented—Tm the form
of a persofBISTEMER erT AAKERY ¢ cyﬁgﬁ‘fl ed by each CPU. The nmLAN system

i s operated O { daN@REpr ogr afs ICONMECHIONe&drAGH | he nodes
#1-#4 by memﬁg‘;(ﬂg mfc’@ﬁ:@ eaderIQﬁEdﬁa %0 such as an optical
ID__NO. | ID_NO. | UNIQUE ID NO. | CONNECTED,/DISCONNECTED

FIGURE b5

NODE INFORMATION TABLE (NIM)

NODE ID NODE UNIQUE ID
ID__NO. UNIQUE ID NO.

FIGURE 6

MC INFORMATION TABLE (MC MANAGER)

PORT ID | PORT TYPE MC RESOURCE
ID_NO. | MC TALKER 'CHANNEL NUMBER

ID__NO. MC LISTENER CHANNEL NUMBER




menory disc and a magnetic nenory disc. Nanely, as shown in Figure 36,
In the mLAN according to 72 the
invention, the plurality of the nodes #1-#4 are communi- cable with one
anot her to exchange informati on and tg{;zzns- fer data, and the bus is
provi ded for connection to the nodes - and for configuration of the

| ogi cal or virtual paths to lo i ne *pode to anot her node so as
to secure transfer of the dat a?FEEQLJJRES at | east one port which is

al l ocated for accessing the bus and which is classified into the four types
of the -isochronous tal ker, the isochronous listener, the nmulti- cast talker
and the nulticast listener. For exanple, the node #1 binds an isochronous
channel nunber andI8CdNFORMASFIONITIABIDE (ISOhMANAGERY" 1-T1 when
the sane is allocated for isochronously transmitting the data |abel ed by

t he bound i sochronous channel nunber to the bus through the bound

comruni cat i ¢ The dsTan 1socC n ~del _nunberj to

t he i sochror }Lﬁﬁﬁ?gpemerlg@%&z € t he sane i Eéél m@mt hat the

i sochronous [l | stener 4-R2 can exclusiyely CHANNEL NUMBER /
ID__NO. ISO TALKER BANDWIDTH

ID__NO. | ISO LISTENER CHANNEL NUMBER

FIGURE 8

PORT INFORMATION ENTRY (NIM)

PORT ID | PORT TYPE RESOURCES
CHANNEL NUMBER,/”

ID__NO. | ISO TALKER BANDWIDTH

ID__NO. | ISO LISTENER CHANNEL NUMBER

ID__NO. | MC LISTENER CHANNEL NUMBER

FIGURE 9

TALKER INFORMATION REPORTING PACKET

PACKET | TALKER | TALKER | TALKER TALKER
ID PORT ID |NODE ID II\IT)ODE UNIQUE | RESOURCE

INFORMATION




receive data transmtted from anot her isochronous talker 1-T1 allocated to
another node #1 if the transmtted data is |a- beled by the sane

i sochr onous channel nunber as that bound to the isochronous |istener 4-R2.
The node #3 binds a nmul- ticast chan&?#umer to the nmulticast tal ker 3-T1
when the sane is allocated for async ousl y broadcasting data | abel ed by
t he bound mul ti cast channel ll:F_rtie gEb @e node #2 binds a

mul ti cast channel nunber to t nﬁtﬂ |st

73 2-R1 when the sane is allocated so that the nulticast |istener 2-Rl can
exclusively receive data transmtted fromanother nulticast tal ker 3-T1
allocated to another node #3 if the trans- mtted data is | abeled by the
same nul ti cast channel nunber as that bound to the mul ticast |istener 2-RI1.
In a specific form a transmy - e—have—e e+~Of the isochronous

tal ker and the nulticast tg IQBTMNIN@SANDB lNiElNﬁgl cal paths are reset
for broadcasting tal ker inf\ormati qgor REESOQH@(DES“ ve ¢f resources including
an i sochronous channel num “e&; barrd and a nul ti cast
channel nunber,

REQUEST BUS MANAGER TO
ALLOCATE ISO CHANNEL L—3S10
NUMBER AND BANDWIDTH

S20

OBTAINED ? NO

BIND RESOURCES /
TO ISO TALKER

S40

BROADCAST TALKER
INFORMATION REPORTING
PACKET CONTAINING OBTAINED
RESOURCE CONTENTS :

NOTIFY PIM OF RESULT S50
OF RESOURCE BINDING —

CRET )




whi ch may be newly bound, respectively, to the isochronous tal ker and the
mul ticast tal ker upon resetting of the | ogical paths, while a receiver node
havi ng either of the isochronous |is- tener and the multicast |istener
operates when the broadcasted tal ker_ji éornation is received for newy

bi ndi ng resources in- cluding an isoZH? fious channel nunber and a nul ticast
chan- nel nunber to the isochr i r the nulticast lis- tener
to thereby restore the | ogi caIFBEGsUHEChaEiase, t he recei ver node
saves path information representative of the |ogical paths and newy binds
the resources according to the broadcasted tal ker information and the saved
path informa- tion to ensure correspondence between the resources of the

re- ceiver node and the resources of the transmtter node in terns of the
i sochronous channel nunber and the nmulticast channel

74 nunber. Each node has a gpecGLl ﬁlﬁ. ion architecture conposed of
protocol layers including altra N igh contains an isochronous
manager for acquiring isochr nd bi ndi ng the acquired

i sochronous resources to ei- ther of fhe allocated i sochronous tal ker and
t he i sochronous

BIND ISO CHANNEL NUMBER | S60
TO SPECIFIED PORT

\
CREATE NEW ENTRY IN ISO ST70
INFORMATION TABLE _——

PASS LISTENER CHANNEL 80
LIST TO LINK LAYER —

NOTIFY PIM OF RESULT OF | - SO0
RESOURCE BINDING

l
C RET )




|istener, a nulticast manager for acquiring nulticast resources and binding
the acquired nmulticast resources to either of the al- |located nulticast

tal ker and the nulticast listener, and a path information manager
cooperating with the isochronous man: z(%er and the nmulticast manager for
provi di ng an upper proto- col Iayer a service to set the |ogical paths
and to nanage the set | ogi cal 3thLJ;ErEIa 2 smtter node is
allo- cated with both of the i | kKer % @rmlticast t al ker
such that the transmtter node repeatedly carries out a transfer cycle
contai ni ng i sochronous transm ssion of data by the isochronous tal ker and
asynchronous broadcasti ng i cast tal ker, and such that
the transmitter node di st |me%,{a&g®,ﬁ{§ach transfer cycl e to either of
t he i sochronous tal ker an according to prop- erty of
the data and availability o al ker and the nul ticast
talker. In such a case, the transm ter node treats m xture of continuous
nmusi ¢ data and di screte szi c dat a, and distributes the continuous nusic

data to the isochfo 1.1 i the di screte nusic data to
(SEARCH ISO CHANNEL NUMBER L—S100

IN ISO INFORMATION TABLE
ggﬁ%])&)SPONDING TO SPECIFIED

S110
SAVE TRANSMISSION DATA AND |
CHANNEL NUMBER TEMPORARILY
\
C RET )
FIGURE 12 (b)
ISO DATA
Q TRANSMISSION
S120

/

ISSUE ISO TRANSMISSION COMMAND
(SPECIFYING ISO CHANNEL NUMBER,
AND PASSING DATA TO LINK LAYER)

CRETD




t al ker. As described in the foregoing, according to the present in-
vention, virtual and |logical paths can be configured within the network

i ndependently on the physical connection topology. If two devices are
connected to the network, a path can_be es- tablished between the two

devi ces independently on the phys- i8a(27 ocation thereof, and data can be
exchanged through the path. T C anged via the virtua
pat hs i ndependently on the nemGMREy, Tgt(l he connecting order
of the multiple devices is never mstaken or irrelevant, and the data can
be transferred reliably. The data |ink can be nodifi ed eaS|Iy wi t hout
changi ng the physical conne since the path is

configured | ogically anmong heIS@vREéEIVIIﬂiKEW ikt ual path information is
stored in each device connected * Therefore, all the path

| oadi ng the saved
makes it possible t
whi ch t he bandw dth

i) THe present invention
\ ronous an m ssion nmethod in

S18@ nul ti cast
transm s- sion meth ?I%ﬁggfﬁga tt d on demand to

specified nultiple . can be transfdqrred efficiently no
matter how discrete [ o Furoner, -

(@)

NOTIFY FOUND PORT OF DATA S140
RECEPTION —
(TRANSFER DATA TO FOUND PORT)

CRETJ

FIGURE 13 (b)

TALKER DUPLICATION
DETECTION

)

REPORT TALKER DUPLICATION
TO PIM $150
(SPECIFYING PORT NUMBER —
RELEVANT TO DUPLICATED
TALKERS)

CR:ET)




76 nusic data such as M Dl data and audi o data, which require real tine
transm ssion, can be transmtted efficiently.

77 What is clained is: 1. A network system conpri sing: a plurality
of nodes communi cabl e with one anot her to exchange information and to
transfer data; and a bus pro- vIQ€@T or connection to the nodes and for
configuration of | ogi cal tihgs~1g0 al Lty 4 i nk one node to anot her
node so FFb G R%.C l]4

INFORMATION

UPDATE PROCEDURE

\

UPDATE ISO INFORMATION TABLE
(EXTRACT PORT ID, ISO RESOURCES S160
FROM TALKER INFORMATION l
REPORTING PACKET, AND CREATE
NEW TALKER ENTRY)

REPORT PATH INFORMATION UPDATE
TO PIM _—S170
(TRANSFER TALKER INFORMATION
REPORTING PACKET)

\

REPORT UPDATE RESULT TO NIM — S180

( ReT )

FIGURE 15

@U S RESET HANDLINCD

REJECT ISO TRANSFER REQUEST $190
FROM PIM — -

( rReET )




as to secure transfer of the data, wherein
cessing the bus and which is classified

port which is allocated for ac-
into four types of
mul ti cast
| sochronous channel
tal ker when the

dat a
t hrough the bound conmuni cati on band,

nunber and a

an i sochronous tal ker,
tal ker and a nul ticast Ilstener

| abel ed by tsﬁrembl)angl FjﬁﬁgJ(R Eham

each node has at | east one

an i sochronous listener, a
each node binding an
nlcatlon band to the isochronous
nously transmtting the
nunber to the bus
each node bi nding an i sochronous

channel nunber to the |sochronous Ilstener mhen the same is all ocated
so t hat the i sochrono ecei ve data trans-
mtted from anot her isochfo ot her node if
the transmtted data is | I S onous channel nunber
as that bound to the isochronous Tt ener,

EXTRACT TALKER ENTRY FROM S200

ISO INFORMATION TABLE —

REQUEST BUS MANAGER TO

ALLOCATE ISO CHANNEL
NUMBER AND BANDWIDTH

| BIND RESOURCES TO ISO 4

TALKER

BROADCAST TALKER

INFORMATION REPORTING PACKET
(ENCLOSING OBTAINED RESOURCE
CONTENTS)

NOTIFY PIM OF RESULT OF

RESOURCE BINDING — S250

S260

TALKER
ENTRY LEFT ?

NO

CRET)

YES




78 each node binding a multicast channel nunber to the nul - ticast

tal ker when the sane is allocated for asynchronously br oadcasti ng data

| abel ed by the bound multicast channel nunber to the bus, and ot herw se
each node binding a multicast channel nunber to the nul - ticast |istener
when the sane is allocated so that fRe”&0Iti- cast |istener can

exclusively receive data trangm tGUr n? her mul ticast talker

all ocated to another node if F‘el t EEtea ata is | abeled by the sane
mul ti cast channel nunber as that bound to the nulticast listener. 2. A
network system according to claim1, wherein a trans- mtter node having
either of the isochronous tal ker and the mul ticast tal ker operates when
the |l ogical paths are reset for broadcasting tal ker information
representative of re- QBTAINING udNTY an i sochironous channel nunber, a

com BINDING MC RESOURCES

BROADCAST TALKER

INFORMATION REPORTING S60
PACKET |_—S600
(ENCLOSING OBTAINED
RESOURCE CONTENTS)

ST

-
- —
e -
~ -
~ -
S

i BIND RESOURCE TO |
i  MC TALK :

NOTIFY PIM OF RESULT S630
OF RESOURCE BINDING |

( ReT )




muni cati on band and a nulticast channel nunber, which may be newly bound,
respectively, to the isochronous talker and the nulticast tal ker upon
resetting of the | ogical paths, whil e a receiver node having either of

t he i sochronous |is- tener and the nulticast |istener operates when the
br oad- casted tal ker information i18/2€eived for newy binding re-
sources including an isochronou Qgg I er d a mul ti cast channel
nunber to the isochronous |ist eFef Ej R]Eb 1 @ 79
the nulticast listener to thereby restore the |logical paths. 3. A network
system according to claim2, wherein the re- cei ver node saves path

information representative of the | ogi cal paths and newly binds the
resources according to t he broadcasted tal ker information and the saved

path in-
BINDING MC
RESOURCE TO LISTENER

BIND MC CHANNEL
NUMBER TO SPECIFIED |— S640
PORT

WRITE MC INFORMATION

TABLE

(CREATE NEW ENTRY IN

MC INFORMATION TABLE)

_—S650

NOTIFY PIM OF RESULT S
OF RESOURCE BINDING |— S660

C' RET )




formati on to ensure correspondence between the resources of the receiver
node and the resources of the transmtter node in terns of the

i sochronous channel nunber and the mul ti cast channel number. 4. A
networ k system according to claim1 ei n each node has a

conmmuni cation architecture corrposedll ro- tocol layers including a

transport |ayer which contain i no nager for acquiring
i sochronous resources and bﬁa:ﬁ LﬁR uiimsochronous resources to
ei t her of the allocated isochronous tal ker and the isochronous

listener, a nulticast manager for acquiring nulticast re- sour ces and
bi ndi ng the acquired nmulticast resources to either of the allocated

mul ti cast tal ker and the f ~. and a path information
manager cooperating with t y ‘ b}]man ger and the nulticast
manager for provi di ng an { ay with a service to set the

| ogi cal paths and to nanage the set |ogical paths. 5. A network system
according to claiml, including a tr@ns-

OBTAIN MC CHANNEL NUMBER
(SEARCH MC NUMBER INMC | s8T70
INFORMATION TABLE FOR
SPECIFIED PORT)

ISSUE MC TRANSFER REQUEST
(TRANSFER DATA TO _—— S680
TRANSACTION LAYER SPECIFYING
MC CHANNEL NUMBER)

(Rg’r)




80 mtter node allocated with both of the isochronous talker and the
mul ticast tal ker such that the transmtter node re- peatedly carries out
a transfer cycle containing i sochronous transm ssion of data by the

i sochronous tal ker and asyn- chr OES% ir oadcasting of data by the

mul ti cast tal ker, and such that t t? nsmtter node distributes the data
each transfer cycle to eith I hr s tal ker and the

mul ti cast tal ker accordi ng toefﬁ-rﬁgm REhezga and avai lability of

t he i sochronous tal ker and the multicast talker. 6. A network system

according to claim5, wherein the trans- mtter node treats m xture of
conti nuous nusi ¢ data and di screte nmusic data, and distributes the

conti nuous mugH ~sQchronous tal ker while distributes the
di s- crete (Mg QAT RBCEIVING Y i cast talker. 7. A data transfer nethod
in a network stem conprised ~a plurality of nodes comunicable wth

one anot her t o exchange infor on and to transfer data, and a bus
provi ded for connectio_to the s and for configuration of | ogi cal
paths to | ogicall to anot her. node SO as to secure

om¥ES ng the steps of:

Ss7T10 - ST730
| L
SEARCH PORT IN MC NOTIFY PIM OF TALKER
INFORMATION TABLE DUPLICATION

(GET PORT NUMBER FROM | |(SPECIFY PORT NUMBER

MC CHANNEL NUMBER) gglﬁl’?‘g?NT TO DUPLICATED

NOTIFY SEARCHED PORT
OF DATA ARRIVAL
(TRANSFER DATA BY | -ST720
DESIGNATING PORT
NUMBER)

(R:ET)




all ocating to each node at |east one port which is used for

81 accessing the bus and which is classified into four types of an

i sochronous tal ker, an isochronous |istener, a nulticast tal ker and a

mul ticast listener, binding an isochronous channel nunber and a comuni -
cation band to the isochronous tal k&8 @fen the sane is allocated to the
node for isochronously transmpgetg lUREJ ?ﬁel ed by the bound

i sochronous channel nunber to rkfg gh e bound comuni cati on band
bi ndi ng an i sochronous channel nunber to the isochronous |istener when the
sane is allocated to the node so that the isochronous |istener can

exclusively receive data trans- mtted from anot her isochronous talker
all ocated to an- other node if the transmtted data is | abeled by the sane

i sochronous channel nunbery R E o) Oﬁ onous | i stener,
( UPDATE PROCEDURE 5

\
INCREMENT TALKER
INFORMATION REPORTING |— S750
PACKET COUNTER

UPDATE MC INFORMATION
TABLE

(EXTRACT PORT ID FROM S760
TALKER INFORMATION —
REPORTING PACKET, AND
CREATE NEW TALKER
ENTRY. PACKET COUNTER
VALUE IS USED AS
RESOURCE INFORMATION)

NOTIFY PIM OF PATH

INFORMATION UPDATE
(TRANSFER TALKER | ——STT70
INFORMATION REPORTING
PACKET)

i
REPORT RESULT TO NIM |— S780

(rET )




bi nding a nmulticast channel nunber to the nulticast tal ker when the sane is
allocated to the node for asynchronously broadcasting data | abel ed by the
bound mul ticast channel nunber to the bus, and otherwi se binding a

mul ticast channel nunber to the nultic lis- tener when the same is
allocated to the node so that the mifh /?éls | i stener can exclusively

receive data transmtted from ‘EEF* a al ker allocated to anot her
node Fﬂfigf TEifiZéZ transmtted data is

| abel ed by the same nul ticast channel nunber as that bound to the
multicast listener. 8. A data transfer nethod according to claim?7,
further com prising the steps of operating a transmtter node having
either of the isochronous tal ker and the nulticast talker when t he

| ogi cal paths are reset for broadcasting talker in- formation

representative of resour(f»iggg qqAbﬂﬁﬁﬁﬁep channel nunber, a
€

communi cati on band and

\

CLEAR TALKER S800
INFORMATION REPORTING [~
PACKET COUNTER TO 0

\

REJECT MC TRANSFER |  gg1p
REQUEST FROM PIM

( rRET )




channel nunber, which may be newl y bound, respectively, to the

I sochronous tal ker and the nulticast tal ker upon resetting of the | ogical
pat hs, and operating a receiver node havi ng either of the isochronous

| i stener and the mul ti cast liStenﬁég%an t he broadcasted tal ker infornma-
tion is received for newy binding rces including an | sochr onous
channel nunber and a nulticast I to the isochronous

| i stener and the multicast I|i Eﬂﬁﬂﬂaerzgrest ore the | ogical paths.
9. A data transfer nmethod according to claim8, further com - prising the

step of operating the reces h i nformation

representative of the lo F BUS REGETEOMEPEEEIMY bind the resources
according to the broadca t NOTHAOATION or mati on)and the saved pat h
information to en-  sur e\cBROESEBce bet weent he resources of the

receiver 83 node and the resources of
the transmtter—node in terns of  the i sochronous channel nunber and the
nmul ti cast chanpel

\

EXTRACT TALKER ENTRY
FROM MC INFORMATION . | _— S820
TABLE

BROADCAST TALKER
INFORMATION REPORTING S830
PACKET |
(ENCLOSING OBTAINED
RESOURCE CONTENTS)

S840

-
_______
~ -
_______
-

{ YES /8850

...................... o

{"BIND RESOURCE TO MC }

| TALKER
i

NOTIFY PIM OF RESULTS | S860
OF RESOURCE BINDING

YES




nunber. 10. A data transfer nethod according to claim7, further com

prising the step of operating a transmtter node all ocated with both of
t he i sochronous tal ker and the nulticast tal ker such that the
transmtter node repeatedly carries out a transfer cycle containing

i sochr onous transni ssion of datal® 2he isochronous tal ker and
asynchronous broad- casti nHGwByElhe ticast tal ker, and such
that the transmtter node di e each transfer cycle to
either of the isochronous tal ker and the nulticast talker according to
property of the data and availability of the i sochronous tal ker and the

mul ticast talker. 11. A data transfer nethod according to claim 10,

further conprising the s mtter node to
treat mxture of conti nuousl fBPATHIEONEIG TIeNe pu- sic data, and to
distri bute the conti nuous } t ronous tal ker while

distributes the discrete nusic data tlo the nulticast talker. 12. In a
network system conprised of a plurality wf nodes comuni cabl e with one

anot her to exchange i nformafi § ta, and a bus
provided for connection B%TAINNE bﬁéﬁﬁﬁsﬁ? L S300
OF TALKER PORT

MATCH LISTENER PORT
PROPERTY AND TALKER | — S310
PORT PROPERTY

\

ISSUE BIND REQUEST TO
LOWER CHANNEL S320
MANAGING MODULE ol

(ISO OR MC MANAGER)

\

UPDATE PATH 5330
INFORMATION TABLE

REPORT RESULT OF 5340'
PATH CONFIGURATION T

CRET)




Py

84 to the nodes and for configuration of |ogical paths to logi- cally link
one node to another node so as to secure transfer of the data, a

machi ne-readabl e medi a containing instruc- tions for enabling the network
systemto performa method conprisip he steps of: allocating to each
node at | east one port which is usé@? &l accessing the bus and which is
classified into four types of ; ﬂsr S E?Erer, an i sochronous
|istener, a nulticast tal ker EHG REt it ener, binding an

i sochronous channel nunber and a conmuni - cation band to the isochronous
tal ker when the sanme is allocated to the node for isochronously
transmtting the data | abel ed by the bound i sochronous channel nunber to

t he bus through the bound conmunication band, binding an isochronous
channel nunber to the isochronous |istener when the same is allocated to

t he node so~that—thest Vil i stener can exclusively receive data
trans- mt@éﬁﬁ@,{w S&Q nous tal ker allocated to an-

\
REFER TO PORT
INFORMATION ENTRY |—— S360
(IDENTIFY PORT TYPE)

NO

TALKER ?

S380

MULTICAST ? NO

S390 S400

YES / /

TRANSFER DATA TO TRANSFER DATA TO
MULTICAST MANAGER ISOCHRONOUS MANAGER

e )




other node if the transmtted data is | abel ed by the same isochronous
channel nunber as that bound to the isochronous listener, binding a
mul ti cast channel nunber to the multicast tal ker when the sane is allocated

to the node for asynchronously 85
broadcasting data | abel ed by the bourl /f@ti cast channel nunber to the
bus, and ot herw se bi ndi ng ﬁsdnunber to the nmulticast
Iis- tener when the sanme is EFﬁﬁt;ieﬁrkégthgé e so that the
multicast |istener can exclusively receive data transmtted from anot her
mul ticast tal ker allocated t N the transmtted data is
| abel ed by the same multicasf PATEh&IHEARINCer Jas t hat bound to the
mul ticast listener. 13. A maC - ia according to claim12,
wherein the met hod further conprisgs the steps of operating a
transmtter node having eitHer ObHEFEK PoeTenou tal ke
O TReret 2 o
S420
CONNEC/T@, NO
YES
DELETE CORRESPONDING 3430
ENTRY FROM PATH -
INFORMATION TABLE

REPORT RESULTS OF SA40
PATH RELEASE REQUEST| A4

( RET )
FIGURE 27

(BUS RESET HANDLING)

DISCONNECT ALL ENTRIES IN] g5
PATH INFORMATION TABLE

( RET )
FIGURE 28

(UNSUCCESSFUL EVENT NOTIFICATION )

REPORT PROBLEMS TO UPPER LAYER |  S560
MODULES

RET



and the nulticast tal ker when the |ogical paths are reset
broadcasting tal ker information representative of re-

an i sochronous channel nunber, a com

f or
sources incl udi ng
nmuni cati on band and a nul ti cast

channel nunber, which may be newlgé{b nd, respectively, to the
I sochronous tal ker and the nul ti t¢%t al ker upon resetting of the
| ogi cal paths, and operati

i sochr onous | i stener and t

R enis

talker information is received for newy binding resources

nozgavi ng either of the
S r when the broadcasted
i ncl udi ng an

channel nunber to the

I sochr onou | ticast
i sochr onoyfs TAIKER INErQRMA THON ticast listener to thereby restore the
| ogi cal paAt RPDATE PROCEDURE 86 14. A

nmachi ne-readabl'e medi d according to claim 13, wherein

conpri se;—t-he—st-i—af—lﬂafez-a-t—pag—t-he—ﬁ-e]
i nf or mat | ACCESSeRATHt INEORMAEION {ogi cal

r esour cepTa&ddbkdi ng to
(SEARCH PATH INFORMATION
TABLE FOR ENTRY BY NODE

UNIQUE ID)

t he met hod further
ceiver node to save path
paths and to newy bind the

— S460

GET PROPERTY OF TALKER
PORT

—S470

GET PROPERTY OF LISTENER
PORT

| S480

5490

CHECK

NO

CONNECTABILITY

S500

NO

MULTI%

IYES /8510

S520

\

ISSUE BIND REQUEST TO
MULTICAST MANAGER
(MC RESOURCE BINDING)

ISSUE BIND REQUEST TO
ISOCHRONOUS MANAGER
(ISO RESOURCE BINDING)

SUCCESSFUL ?

y S530
BINDM

YES

UPDATE PATH INFORMATION
(SET CONNECTION FLAG
TO " CONNECTED”)

]
NO
S550
\
ERROR
-S540 HANDLING
PROCEDURE
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t he broadcasted tal ker information and the saved path in- formation to
ensure correspondence between the resources of the receiver node and
the resources of the transmtter node in ternms of the isochronous
channel nunber and the nulticas%gﬁp nnel nunber. 15. A
machi ne-r eadabl e nmedi a according to 12, wherein t he net hod
further conprises the step of ' ra mtter node all ocated
wi th both of the isochronous tEIpEGUREthBQIticast t al ker such that
the transmtter node re- peatedly carries out a transfer cycle

cont ai ni ng i sochronous I sochronous tal ker
and asyn- chronouy IpSRYCATFIOFN ’H@TP@NBI Uyl i cast tal ker, and
such that the transm t\ter node distri butes tﬁaeQdata eagh Sgboansfer cycle
to either of the isochr

/

GET INFORMATION OF ENTRY IN PORT
INFORMATION TABLE

(PORT INFORMATION OF OTHER NODES IS
ACQUIRED BY COMMUNICATING WITH NIM
IN OTHER NODES)

( rRET )

FIGURE 31

TALKER INFORMATION
REPORTING PACKET HANDLII@

UPDATE NODE INFORMATION TABLE
(WRITE NODE ID AND NODE UNIQUE ID | _____S910
INTO NODE INFORMATION TABLE
ACCORDING TO RECEIVED PACKET)

S920

; NO
150 TALKER T s940
s 7 |
TRANSFER -TALKER TRANSFER TALKER
INFORMATION REPORTING | | INFORMATION REPORTING
PACKET TO ISO MANAGER| | PACKET TO MC MANAGER

CRP'JT)



mul ti cast tal ker according to property of the data and availability of

the isochronous tal ker and the nulticast tal ker. 16. A nmchi ne-readabl e
medi a according to cl.ai m15, wherein the nethod further conprises the
step of operating the trans&gﬁ node to treat m xture of

conti nuous nusic data and discrete i©¢ data, and to distribute the

contin- uous nmusic data to tha=is rU) t a while distributes the
discrete nusic data to the nultilcgst ER:E' 3?

BUS RESET HANDLING
PROCEDURE

ISSUE RESET REQUEST TO S950
ISO MANAGER e

\

ISSUE RESET REQUEST TO | S960
MC MANAGER

{’SI]%IUE RESET REQUEST TO | __s970

( RET )

FIGURE 33

BUS RESET COMPLETE
PROCEDURE

ISSUE RESET COMPLETE S980
MESSAGE TO ISO MANAGER

)

ISSUE RESET COMPLETE |  ggq0
MESSAGE TO MC MANAGER
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FIGURE 35
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FIGURE 36
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