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NETWORK SYSTEM HAVING AUTOMATIC
RECONSTRUCTING FUNCTION OF LOGICAL PATHS

BACKGROUND OF THE INVENTION

The present invention relates to a network system
composed of a plurality of electronic equipménts which are
interconnected to one another through logical paths so as to
construct a complex electronic musical instrument or other
electronic compositions. More speciﬁéally, the invention
relates to a self-constructable and reconstructable network
system which can automatically restore the logical paths once
the same has been programmed.

In a recent audio/video (AV) system, a plurality of audio
~ and video equipments or components are interconnected to
build up a complex AV installation. For example, a typical
AV system is composed of a television set, a video tape
recorder, an audio component, a karaoke machine and so on.
Their input terminals and output terminals are mutuaﬂy
connected to each other to set up the AV system. In such a
case, all members of the system are physically connected
togetheI_' one by one by means of a coaxial cable, a shield
cable or a parallel line cable. |

Specifically, referring to Fig. 17, the complex electronic
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musical instrument is composed of several electronic musical
éomponents or units which are connected to each other
through a Musical Instrument Digital Interface (MIDI),
which is designed according to an international standard. In
the system of Fig. 17, a keyboard 101 has a MIDI output
terminal OUT connected to a MIDI input terminal of a
sequencer (SEQ) 102 through a line 1101. The sequencer 102 -
has a M'IDI output terminal OUT connected to a MIDI input
terminal IN of a first tone generator 104 through' a line L.102.
The first tone generator 104 has a MIDI intermediate |
terminal THRU connected to a MIDI inpuf terminal IN of a
second tone generator 105 through a line L.103. The second
tone generator 105 has a MIDI intermediate terminal THRU
connected to a MIDI input terminal IN of a third tone
generator 106 through a line L104. Further, the first, second
and third tone generators 104, 105 and 106 have respective
output terminals AUDIO-OUTSs which feed output signals to
an input terminal AUDIO-IN of a mixer 103 through separate
lines 1105, L106 and L107. The mixer 103 produces a musical
tone signal from its output terminal AUDIO-OUT. The MIDI
intermediate terminal THRU provided in the first and second
tone generators operates to directly output or pass an input
signal received at a preceding input terminal, as it is.

In the conventional structure of Fig. 17, the plurality of
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the electronic components are physically interconnected by a.
number of cables which would require a considerable
installation space. Further, once the cable lines are
disconnected, it would require a laborious re-coupling work to
reconstruct the same complex System. Further, in the
conventional structure, the member components are serially
connected to each other by the MIDI lines because a MIDI
message is transferred in the form of a serial data. Such a
rather redundant arrangement of the MIDI lines would share
a considerable installation space. If one MIDI line is
inadvertently disconnected from a circuif loop, a signal
cannot be transferred to succeeding members so that the
musical system may stop tone generation. Even worse, it
would require a laborious repairing work to recover the

disconnected line.

UMMARY OF THE INVENTION

In view of the above noted draﬁbacks of the prior art, a
general object of the invention is to provide a network system
constructed to automatically restore logical paths to
interconﬁect member components to thereby readily
reconstruct the network. Normally, such a network system is
constructed on a common physical communica.ﬁon line. A

plurality of Iogical paths are formed in the physical
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communication line based on programmed path information
to circulate a data among the member components to thereby
construct the netwbrk system. In such a system, generally a
number of data receiving members is greater than that of
data transmitting members. The path information may be
programmed in the transmitting member to form logical
paths directed to corresponding receiving members. However,
the more the number of electronic components involved in the
netWofk system; the more the logical path information stored
in the receiving member, which may hinder quick
reconstruction of the network system. In view of this, a
specific object of the present invention is to provide a
network system in which a receiving member stores path
info'rmation for restoring a logical path to a corrésponding
traﬁsm.itting member to reconstruct a nefwork system when a
plurality of electronic components are integrated altogether.
For example, in case that one transmitter member transmits

. a data to ten receiver members, that transmitter member
does not store path information concerning the ten receiver
members, but each of the ten receiver members does store
path information concerning that tiansmitter member. By
such a construction, the transmitter member is prevented
from overloading of the logical path information.

In one form, the inventive network system comprises a
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plurality of electronic equipments, means for communicably
connecting the electronic equipments -to one another to form
a network, and means for providing path information effective
to construct logical paths in the hetwork, wherein each
electronic equipment has at least either of a receiver port and
a transmitter port, and wherein an electronic equipment
having a receiver port comprises means for memorizing the
path information which specifies another electronic equipment
having a corresponding transmitter port, and means for
reconstructing a logical path which logically connects between
the receiver port and the corresponding transmitter port
according to the memorized path information.

In another form, the inventive network system comprises
a plurality of electronic equipments, means for communicably
connecting the electronic equipments to build up a complex
electronic musical instrument, and providing means for
providing path information effective to construct logical paths
within the complex electronic musical instrument, wherein
each electronic equipment has at least either of a receiver
port and a transmitter port, and wherein an electronic
equipment having a receiver port comprises means for
identifying another electronic equipment having a
corresponding transmitter port according to the path

information, and means for reconstructing a logical path
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which logically connects between the receiver port and the
corresponding transmitter port.
In a further form, the inventive network system can be

logically established according to path information to

. circulate a data throughout a complex of electronic

equipments which are communicably connected to one
another. The system comprises means programmed in each
electronic equipment for forming therein either of a receiver
port which receives a data and a transmitter port which

transmits a data, providing means for providing path

- information effective to enable a primary electronic

equipment having a receiver port to ideﬁtify a secondary
electronic equipment having a corresponding transmitter
port, and means programmed in the primary electronic
equipment for opening a logical path of the data connecting
between its own receiver port and the corresponding
transmitter port according to the provided path information

to thereby enable circulation of the data throughout the

~ complex of the electronic equipments.

In a different form, the inventive method reconstructs a
logical network within a complex of electronic equipments
which have physically connected to one another and each of
which has at least either of a receiver poi‘t and a transmitter

port. The method comprises the steps of providing path
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information to a primary electronic equipment héving a
receiver port to enable the same to identify a secondary
electronic equipment having a corresponding transmitter
port, and restoring a logical path connecting between the
receiver port and the corresponding transmitter port to
thereby reconstruct the logical network. |

According to the present invention, Whenever the
electronic equipments are physically connected altogether,
logical paths are restored according to the programmed path
information to readily reconstruct the network system. Once
the network system is disassembled, the same is readily
restored in a reassembling work. Accordingly, a set of
disassembled electronic equipments can be freely transported
and relocated at a desired place such as a public performance
- stage. The set of the electronic equipments or components
are connected to a common communication cable for
reassembling. Upon power-on or resetting, the logical paths
are automatically restored within the communication cable to
reconstruct the network system. Fﬁrther, a substitute
corﬁponent can be accepted as a right member of the network
~ system in place of a true component as long as the substitute
component is functionally equivalent to the true component.

Still further, the logical path information is stored in the

receiver member rather than the transmitter member. By
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such an arrangement, the total data amount of path
information can be spread over the receiver members of the
network to thereby facilitate quick booting of the system.
Moreover, the path information can be reserved in a portable
memory medium which can be brought into different placés
such as studios which are installed with a group of similar
electronic equipments. The memory medium is loaded into a
network management member involved in each group to
thereby reconstruct the same network system at the different
studios. Additionally, in the inventive hetwork system,
individual members are not seria.]ly connected in contrast to
the MIDI network. Therefore, even if one electronic
equipment is physically disconnected from the network
system, succeeding equipments still can receive a data to

thereby prevent serious malfunction of the system.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a block diagram showing one embodiment of the
inventive network system, which constitutes a complex
electronic musical instrument.

Fig. 2 is a flowchart showing a main routine of the
inventi{re network system.

Fig. 3 is a flowchart showing a background process in the

network system.
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Fig. 4 is a flowchart showing an initialization process of
the network system.

Fig. 5 is a table diagram shoWing a node table of the
. network system. |

Fig. 6 is a flowchart showing a port setup process at each
node member of the network system. B

Fig. 7 is a table diagram listing port information of one
node member composed of a sequencer.

Fig. 8 is a table diagram showing a path management
table stored in one node member composed of a mixer.

Fig.9is a table diagram listing various path setting
statuses.

Fig. 10 is a flowchart showing a logical path restoration
process. |

Fig. 11 is a flowchart showing an equivalent path
restoraﬁo‘n process.

Fig. 12 is a table diagram showing an updated path
management table. |

Fig. 13 is a flowchart showing a network information
admission process.

Fig. 14 is a flowchart showing operation of a network
management member of the network system.

Figs. 15A and 15B show examples of a data format
reserved in a floppy disk.
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Fig. 16 is a flowchart showing a panel process executed
by each node member.
Fig. 17 is a block diagram showing a conventional

network system of a complex electronic musical instrument.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to Fig. 1, a network system of electronic
musical components are built up according to the invention.
The Fig. 1 network system is functionally equivalent to the
Fig. 17 network of the hybrid electronic musical instrument.
The inventive network system has logical paths indicated by
lines L1-L10 which are not physical connection lines, but are
virtual connection lines established in the network system.

The network system contains various members 1-6 which
are allocated to respective nodes of a network and which have
specific functions or roles. In this embbdiment, these
members include a keyboard 1, a sequencer (SEQ) 2, a mixer
(MIX) 3, a first tone generator (1st TG) 4, a second tone
generator (2nd TG) 5 and a third tone generator (3rd TG) 6.
The keyboard 1 has a transmitter port *1 for outputting a
key code data. The sequencer 2 of mﬁlti track type has an |
input track 1 and a corresponding receiver port %1 which
receives a MIDI message input, and an input track 16 and a

corresponding receiver port *16 which receives a MIDI

10
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niessage input. Though not shown in the figure, the
sequencer 2 has input tracks 2-15 and corresponding receiver
ports. Further, the sequenéer 2 has an output track 1 and a
corresponding transmitter port *17 for transmitting a MIDI
message output, an outpﬁt track 2 and a corresponding
transmitter port #18 for transmitting a MIDI message
output, and an output track 3 and a corresponding
transmitter port *19 for transmitting a MIDI message
output. Moreover, the sequencer 2 is provided with a path
information manager and a corresponding

ti'a,nsmjtter/ receiver port *50, and a controller and a
corresponding transmitter/receiver port *60 which transmits
a control data output and receives a control data input.

The mixer 3 of eight-channel digital audio type has
channels 1-8 and corresponding receiver ports *1-x8 which
receive respective audio data inputs. Further, the mixer 3 is
provided with a path information manager and a
corresponding transmitter/receiver port *50, and a controiler
and a corresponding transmitter/ receiver port %60 which -
transmits a control data output and :eceives a control data
input.

The first tone generator 4 of PCM type has a pair of
receiver ports *1 and *2 which receive respective MIDI

message inputs. Further, the PCM tone generator 4 has a

11
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pair of transmitter ports *10 and *11 which transmit left and
right audio data outputs, respectively. Moreover,. the PCM
tone generator 4 is provided with a .pa,th information manager
and a corresponding transmitter/receiver port *50, and é,.

~ controller and a corresponding transmitter/receiver port *60
which transmits a control data output and receives a control
data input. On the other hand, the second tone generator 5 is
a FM type which has a similar port structure as that of the
PCM tone generatof 4. The third tone generator 6 may be a
MCM type, FM type or else, and has a similar port structure
as that of the first tone generator 4. Though not explicitly
shown in the figure, these members 1-6 may have additional
ports. In these members 1-6, the port is formed and operated
by an independent program and separately from the | |
remaining functional parts which are operated by an
application program.

In the network system composed of the various members
.1—6, the logical path L1 is established to connect the
transmitter port *1 of the keyboard 1 to those of the receiver
port x1 of the sequencer 2, thé receiver port *2 of the first
tone generator 4, the receiver port *2 of fhe second tone
generator 5 and the receiver port *2 of the third tone
generator 6. The logical path L2 connects the transmitter

port x17 of the sequencer 2 to the receiver port 1 of the first

12
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tone generator 4. The logical path L3 connects the
transmitter port %18 of the sequencer 2 to the receiver port *1
of the second tone generator 5. The logical path L4 connects
the tranémitter port %19 of the sequencer 2 to the receiver
port x1 of the third tone generator 6. Further, the logical |
path L5 connects the transmitter port x10 of the first tone
generator 4 to the receiver port *1 of the mixer 3. The logical
path L6 connects the transmitter port *11 of the first tone
generator 4 to the receiver port *2 of the mixer 3. The logical
path L7 connects the transmitter port *10 of the second tone
generator 5 to the receiver port %3 of the mixer 3. The logical
path L8 connects the transmitter port *11 of the second tone
generator 5 to the receiver port %4 of the mixer 3. The logical
path L9 coﬁnects the transmitter port *10 of the third tone
generator 6 to the receiver port *5 of the mixer 3. The last
logical path L10 connects the transmitter port *11 of the
third tone generator 6 to the receiver port *6 of the mixer 3.

By such a manner, the logical paths L1-L10 interconnect
the ports of the members 1-6 with each other to build up the
network system which is functionally equiﬂent to the Fig. 17
hybrid st-rﬁcture of the electronic musical instrument. These |
logical paths are virtual data transfer lines. The' logical path
is functionally established such that one transmitter port

broadcasts a data output together with a group code or group

13
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address while a multiple of receiver ports assigned the same
group address can commonly receive the broadcasted data
output. Stated otherwise, the multiple of the receiver ports
can admit the data oﬁtput which is transmitted to the logical
paths from the single transmitter port. More importantly, the
logical paths are initially set or -prdgrammed by a user to
build up the network, and logical path information thereof is
stored in the receiver port rather than the transmitter port.
The initial or original paths can be readily restored at
booting or resetting of the system so as to reconstruct the
network. Furfher, the logical p.ath information may be
reserved in a portable memory medium such as a floppy disk.
The memory medium can be loaded into a specific node
member which functions as a network management unit. The
logical path information is downloaded into the network
management unit so as to construct the network system.
Next, the detailed description is given for operation of
the inventive network system in conjunction with the
flowcharts. Fig. 2 shows a main routine executed by each
node member exemplified by the tone generator involved in
the inventive network system. In the main routine, upon
power-on to boot the system, Step S100 is undertaken to
initialize its tone generating module function. Namely,

initialization of the regular function is conducted such as a

14
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damp process to prevent generation of an abnormal tone.

- Then, Step S110 is undertaken to recognize its own node
address, to identify other node members, and to conduct an
initialization of the network function which will be described
later in detail. Further, Step 120 is undertaken to scan its
receiver port buffer which receives a data from the network.
Subsequently, Step S130 is undertaken to check as to if the
received data relates to netrvor_k information other than
performance information. In case of YES, Step S140 is
undertaken to admit the network information effective to
manage the network operation. In case of NO, Step. S150 is
undertaken to admit the performance information effective to
control sounding and silencing operation of the tone
generator. In Step S150, the tone generator performs its
regular function. In similar manner, other node members
perform their own regula.r functions in corresponding Steps.
After Step S140 or S150 is finished, subsequent Step S160 is
undertaken to carry out a panel process such that the user
manually sets an operation panel to program logical paths

" into the network. By this panel process, the respective node
member acquires a path management table. Thereafter, the
logical paths can be readily reconstructed according to the
path management table. Lastly, Step S170 is undertaken to

transmit a desired data to the network. The data is

15



‘This Sheet Has Been Replaced

IIIIlI\l i I\lI 1N

transmitted to the network through the port which is
virtually formed according to an independent port program.
On the other hand, the data itself is produced by an
application program, and is fed to the port. Each node
member has a port information table Which prescribes a
protocol of each port. A transmitter port having a multicast
protocol broadcasts the data together with a corresponding
group address or group code rather than specifying an
individual address of a destined member. Thereafter, the
routine returns to Step S120 to thereby repeat the cycle of
Steps Sl2Q—Sl70.

Next, Fig. 4 is a flowchart showing the initialization
process of the network function. First, Step 5300 is
undertaken when the system is activated so that each node
member recogﬁizes its own node number according to a
specific algorithm. Then, Step S310 is undertaken to
commence a background process which will be described later
in detail. Briefly, a supervisory of-initia,tive member is
designated in the background process. The designated
member watches data packets broadcasted from other
members and circulating the network so as to collect node
numbers of other members from the data packets. Otherwise,
the supervisory member passes the data packets to a higher

rank unit, or performs various tasks in response to a service

16



demand contained in the data packets. In subsequent Step
$320, each node member broadcasts its own node number
which is recognized at Step S300 to the network. The
supervisory memb.er or initiative member collects the
broadcasted node number data and records the same.
Further, the initiative member recognizes the membership of
the network system to thereby broadcast a first ready signal
packet which indicates completion of preparation of
membership information. For this, Step S330 is undertakeh
to stand by until the first ready signal packet is issued from
the initiative member. A relatively nonbusy member is
automatically designated as the initiative or supervisoi‘y
member among all the members involved in the network
system according to so designed algorithm.

Then, Step S340 is undertaken upon the issue of the first
ready signal packet Which indicates the completion of the -
preparation of the membership information such that the
individual member notifies its own node unique information
to the initiative member through the network. The node
unique information contains a unique address, a function
label and a model code of the individual member. The unique
address indicates a unique machine code of an electronic
component that is the individual member. The function label

indicates a performance function of the electronic component
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or equipment. The model code indicates a general or higher
classification of the electronic equipment. The unique address
is specific to a lower class of the electronic equipment, while
the model code is generic to lower classes of the electronic
equipment having a different structure but an equivalent
function.

Fig. 5 shows a node table which lists the node unique
information of all the node members. For example, the node
member 1 has a unique address “aaaaaaaa”, a function label
“MIDI KEYBOARD”, and a machine model code
“AAAAAAAA’. The initiative node member collects the
node unique information from all of the node members to
thereby broadcast a second ready signal packet which
indicates completion of the node table. In this regard, Step
S350 is undertaken to stand by until the initiative member
finishes the collection of all the node unique information.
Upon the issue of the second ready signal packet, Step S360 is
undertaken so that each member receives the node unique
information of other members from the initiative member to
thereby store the node table shown in Fig. 5, which is
. commonly owned by all the members.

Next, Step S370 is undertaken such that each member
forms transmitter and receiver ports according to an installed

program. Coﬁsequently, each member produces a port

18
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information table as shown in Fig. 7, which lists a port -
number, a type of transmitter and/or receiver, a protocol, a
group code and a service item. In Step S370, each tra,hsmitter
port is assigned with a unique group-éode if the same has the
multicast protocol as will be described later in detail. Then,
Step S380 is undertaken to che_zck as to if the individual
member has its own path management table as shown in
Fig. 8. In case of YES, Step S390 is undertaken to restore
logical paths according tb the path management table.
Further, Step S400 is undertaken to retry restoration of the
logical paths when Step S390 fails to opén the logical paths
due to missing of data packets or nonresponse from other
parties. Further, Step S410 is undertaken when a logical path
is not restored even by the retrial of Step S400 so as to
connect that logical path to a functionally equivalent machine
instead of a true machine which is not found in the member
of the network system. Then, the routine returns as in the
case where the check result of Step S380 is held NO. When an
additional or substitutional member is newly involved in the
network system, such a member initially does not have its
own path management table. A secondary member having no
receiver port may not éxecute Steps of S380-5410 as enclosed
by the dashed line in the figure.

Next, Fig. 6 shows a detail of the port setup process. In

19
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this process, Step S500 is undertaken such that the individual
member produces the port information table according to its
own internal program. For example, the sequencer of the
node member 2 produces its own port information table as
shown in Fig. 7. Particularly, the group code is given by
following steps. Namely, Step S510 is undertaken to retrieve
information of one port (for example, port x1) from the port
information table. Step S520 is undertaken to check as to if
the protocol indicates “multicast” and the port type indicates
“transmission only (TX-ONLY)” according to the retrieved
information. In case of YES, Step S530 is undertaken to
assign an individual group code to that transmitter port of
the Iﬁulticast type. Further, Step S540 is undertaken. to
register the acquired group code into the port information
table. For example, as shown in Fig. 7, the port information
table is filled with a group code “10” for the transmitter port
%17 of the multicast protocol. Then, Step S550 is undertaken
to check as to if there still remains a nonprocessed port. In
case of YES, the routine backs to Step S510 to thereby
repeatedly assign group codes to all of the transmitter ports
of the multicast type. After all of the ports are pfocessed, the
check result of Step S550 turns NO to fhereby return. On the
| other hand, if the check result of Step S520 is found NO, the
routine jumps to Step S550. In the .port information table

20 -
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shown in Fig. 7, the mark “d” indicates that the
corresponding port has a blank group code or an ineffective
group code.

As described briefly before, Step S310 commences the
background process. In detail, as shown in. Fig. 3, Step S200
is undertaken to watch circulating data packets. Step S210 is
undertaken to carry out a special process. In this process, the
initiative member designated to the supervisory member
collects all the node numbers and the associated node unique
information. However, other node members than the initiative
member may not execute this special process. Further, Step
$220 is undertaken such that the individual member checks
as to if the circulating data packet is either broadcasted and
addressed thereto. In case of YES, subsequent Step 5230 is
undertaken to check as to if the admitted data packet should
be passed to a higher rank unit. In case of NO, subsequent
Step 5240 is undertaken such that the node member issues a
reply data packet concerning itself with reference to various
installed tables in response to a service demand contained in
the received data packet. Particularly, the node member
transmits a reply data packet in response to an inquiry
demand concerning the port type for use in settings of logical
paths, or in response to a user request for the port

information table. On the other hand, if the check result of
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Step S230 is found YES, Step S250 is undertaken to pass the
received data packet to the higher rank unit. Further, if the
check result of Step 5220 is found NO, the process backs to
Step S200 as in the case where Stép 5240 or 5250 is finished,
thereby repeating the aforementioned background process.
Next, Fig. 10 shows details of the logical path restoration
process or path opening process. In this process, Step S600 is
undertaken such that the individual node member clears old
path settings of its own path management table. For
example, the mixer of the node member 3 has the path
management table shown in Fig. 8, and clears a path setting
status at a rightmost column of the table in Step S600. The
following steps will be described specifically in conjunction
with the path management table of Fig. 8. Step S610 is
undertaken to retrieve a first row of the data corresponding
to the receiver port *1 frorﬁ the path ma,nagemént table.
Then, Step S620 is undertaken to check as to if a speciﬁed
unique address of a corresponding transmitter member is
found in the node table. For example, according to the first
row of the path management table shown in Fig. 8, thé
receiver port %1 should be connected to a transmitter member
having a unique address “dddd dddd”. Thus, Step S620 is
undertaken to check as to if an electronic instrument having

this unique address is actually involved in the network
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system. Then, the procéss advances to Step S630 when it is
confirmed that the electronic instrument having this unique
address actually exists in the network system.

In Step S630, check is made as to tyi)es required to the
transmitter and receiver ports. Further, Step S640 is
undertaken to check as to if ports having the required types
exist in the transmitter and receiver members connected to
each other. Thié check is conducted with reference to the
node table which is commonly shared by the respective node
members and other tables. Namely, the node table is
searched to find out that the node member 4 has a unique
address “dddd dddd”. Further, the port information table is
‘checked so that the receiver member confirms existence of its
own receiver port *1. Further, it is 'recogﬁized that the
receiver port *1 is a multicast type. With regard to a
correspoﬁding transmitter port, since the path management
table indicates the unique address “dddd dddd”, the
transmitter member is identified as the PCM tone generator
4 with reference to the node table. Thus, it is confirmed that
the counter port is a transmitter port of thé PCM tone
generator. Further, this transmitter port is identified as a
transmitter port *10 with reference to the path management
table. Then, the port information table of the PCM tone

generator is checked so that it is confirmed that the port 10
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is the multicast type. Consequently, the receiver port %1 of
the mixer and the transmitter port ¥10 of the PCM tone
generator are identified as the correct parties connected to
each other by the logieal path. Further, the protocol type is
- matched between the receiver port %1 and the transmitter
port %10, thereby proceeding to Step S650.

In Step S650, the receiving member acquires the group
code assigned to the identified transmitter port with reference
to the port information table of the transmitting merﬁber.
The acquired group code is registered in the port information
table of the receiving member. Consequently, the same group
code is assigned to the pair of the corresponding transmitter
and receiver members. By this, the transmitter port |
broadcasts a data together with the group code, while the
corresponding receiver port can pick up the brea,dca,sted data
by discriminating the attached group code. Then, Step S670
is undertaken to set the path setting status to “1” in the path
management table. As listed in Fig. 9, the status “1”
indicates that the logical path is established or opened from
- the receiver port to the transmitter port. _

On the other hand, the path setting ste,tus is set to “3”
in Step S660, if the check reeult of Step S620 shows that the
unique address is not found in the node table, or if the check

result of Step S640 fails to recognize an existence of a
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corresponding transmitter port or shows that the protocol
type is not matched. As shown in Fig. 9, the status “3”
indicates that the logical path is not yet established and is
therefore suspended. In such a case, the process advances to
Step S680 as in the case where Step S670 is finished. In Step
S680, check is made as to if a next data exists in the path
management table. In case of YES, the process backs to Step
S610 to thereby repeat the logical path restoratibn process.
In case of NO, the routine simply' returns.

An example is given where the check result of Step S620
shows that the unique address does not exist in the node
table. Referring to the path management table shown in
Fig. 8, the receiver port x5 designates a unique address “ffff
ftff” as a corresponding transmitter node member.- However,
this unique address is not found in the common node table
shown in Fig. 5. In such a case, the routine branches from
Step S620 to Step S660 as described above. In this case, the
logical path is forcibly connected to a substitute equipment
which has the same function as that identified by the unique
address, provided that such a substitute equipment is:

- involved in the network systemn. For this, the path setting
status is set to “3” indicative of the suspended state in the
path ma.nageinent table. By such a procéss, the node member

composed of the mixer completes the path management table
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Next, Fig. 11 shows an equivalent path restoration

as shown in Fig. 8.

process which is executed in case that the logical path is not
established in the path restoration process. First, Step S700
is undertaken to retrieve a data set having the status “3”
frpm the path management table. For example, in case of the
path management table shown in Fig. 8, the data set of the
receiver port *5 is retrieved, which indicates a model code
“FFFFFFFFEF” of a receiving member. Then, Step S710 is
 undertaken to search the node table shown in Fig. 5 to find a
node member having the model code ‘;FFFFFFFF”. In this
exaniple, since the node member 6 has the model code
“FFFFFFFF”, Step S720 judges YES to thereby advance to
Step S730. In this step, types of the receiver and transmitter
ports are examined in manner similar to Step S630. Further,
Step S740 is undertaken to check as to if the types of the
receiver and transmitter ports are matched with each other.
In this process, no check is made as to an existence of a
corresponding port in the transmitting node member. This is
because that the searched transmitter member of the
specified model code has the same function as that of a
missing transmitter member, and therefore the searched
transmitter member may have a corresponding transmitter

port. Alternatively, check may be made as to the existence of

26



_____——————4——*——_'
Sheet Has Been Replaced

|||Il|l| LU

the cOrrespoxiding port.
| Next, Step S750 is undertaken to issue a first request to
a user if an equivalent path should be connected. Upon
permission of the path connection by the user, Step S760
judges YES to allow the equivalent path connection. Then,
Step S770 is undertaken to .obtain the group code of the
transmitter port. The group code is registered in the port
information table of the receiving node member. Further,
Step S800 is undertaken to set the path setting status to “2”
in the path management table. As shown in Fig. 9, the status
“2” indicates the temporary path connection under the
request. Then, Step S810 is uﬁderta,ken to issue a second
.request to the user as to if the path management ta,blé should
be updated. Upon permission by the user, Step S820 judges
YES to allow the updating of the path management table.
Subsequently in Step S830, the original unique address “ffff
fiff” of the transmitter port is replaced by an actual unique
address “ffiff abcd” in the path management table. The
equivalent path is temporarily connected in Step S770.
Further, Step S830 is undertaken to update the path
management table so as to fix the temporary path connection
in case that the substitute equipment is permanently
connected to the network system. Unless the path

management table is updated, the user must respond to a
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first request for permission of the path connection whenever
the network system is activated. |

On the other hand, Step S790 is undertaken to set the
path setting status to .“5” indicative of a path connection
unable state in case that Step S720 fails to find the desired
model code of the transmitter member in the node table, or
in case that Step S740 judges mismatching between the |
receiver and transmitter ports. Further, if Step S760 judges
that the user does not permit the temporary path connection,
Step S780 is undertaken to set the path setting status to “4”
which indicates a path disconnection state under request.
Thereafter, Step S840 is undertaken to check as to if a next
data set exists in the path management table, if Step S820
judges that the user does not permit the updating, or Steps
S780, S790 and S830 finish their processés. If the check result
of Step S840 is foﬁnd YES, the routine backs to Step S700 to
repeat the equivalent path restoration process for the next
data set. On the other hand, if Step S840 is found NO, the
routine simply returns. By executing the equivalent path
restoration process, the original path management table of
the mixer shown in Fig. 8 is rewritten into the updated path
management table as shown in Fig. 12, where the unique
address of the transmitter port corresponding to either of the

receiver ports *5 and 6 is replaced by the actual and
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substitutional unique address “ffff abcc

Next, Fig. 13 shows details of the network information
admitting process of the main routine. First, Step S900 is
undertaken to check as to if network information fed from the
network indicates a reset signal. In case of YES, Step S920 is
undertaken such that the individual node member resets all

of its functions or operations. The reset signal is issued to
reset the network when a new member is introduced into a
node of the network. As described before with reference to
‘Fig. 1, the individual node member is operated by the
application program and the port program, which are
separate from each other. Therefore, the port program alone
could be reset. However, in such a case, if the reset signal
origina,teé from an end of the network, the reset signal may
“clash with a data issued from another node within the
network due to a transfer delay or else, thereby causing
destructive running such as abnormal continuous tone
generation. In view of this, all of the functions are reset in
this embodiment to avoid destructive running.

If Step S900 judges that the admitted network
information is not a reset .signal, subsequent Step S910 is
undertaken to check as to if ‘the admitted network
information indicates a réquest for loading of a path

management table. Steps of S910-S950 are conducted so as
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to construct the logical paths according to a path
management table stored in an external floppy disk. Namely,
the load request is issued to rewrite the initial pass
management tables installed in the individual node members,
- into new pass management tables stored in the floppy disk or
something else. Therefore, if Step S910 judges that the
admitted network information indicates a réquest for loading
of the péss management table, subsequent Step S930 is
undertaken so that the individual node member stops its own
functions except for a communication function. The node
member stops not only the operations but also the functions

~ in order to block unnecessary restoration of the logical paths.
For example, the node of the tone generator stops all of
genefatiﬁg tones. The node of the sequencer stqps record and
reproduction of musical da.fa.

Next, Step 5940 is undertaken to notify a loadjng
permission to a particular node member which is a network
management unit which issues the load request. Next, Step
5950 is undertaken to replace the old path management table
by the new path management table transferred from the
network management unit. By this, new logical paths are
constructed by the new path management table. Then, the
routine advances to Step S960 as in the case where Step S910
- judges that the admitted information is not the load request
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for the path management table. |

Steps S960—-S980 are undertaken to carry out a dump
process of the path management table into a floppy disk or
other memory media. Step S960 is undertaken to check as to
if the received network information indicates the dump
request of the path management table. In case of YES, Step
S970 is undertaken so that the individual node member
notifies a dump permission to the requesting network
management member. Further, Step S980 is undertaken such
that the individual node member dumps its own path-
management table to the dump requesting member. The
requesting member of the network management unit collects
‘the path mé,nagement tables from all of the node members,
-and records the collected information into a floppy disk or
else. Then, the routine returns as in the case where Step S960
judges that the information admitted from the network is not
the dump request for the path management table.

Fig. 14 shows operation of the network management
unit. Upon power-on to activate the network management
unit, Step S1000 is undertaken such that the network
management unit initializes its own network function in
simila,f manner as other node members. The initialization of
the network function is conducted similarly as the Fig. 4

process. However, the network management unit does not
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need its own path management table so that the routine of

Fig. 4 branches from Step S380 to return, since the check
result of Step S380 is held NO. Referring back to Fig. 14,
Step S1010 is undertaken to detect if a floppy disk or else is
inserted into the network management unit. This detection is
periodically effected until a floppy disk is inserted. Then,
Step 51020 is undertaken to wait for a command input.
Further, Step S1030 is undertaken when a command is
inputted to check as to if the inputted command indicates a
load command of new path management tables rather than a
dump command. In case of YES, Step 51040 is undertaken to
read out from the floppy disk node information which
identifies each node member in terms of a unique a,(idress, a
function label and a model code. Then, Step S1050 is
undertaken to check as to if the network involves all the node
members identified by either of the unique address and the
model code. In this case, the check is made not only by the
unique address but also by the model code, since the network
may not involve an exact equipment but may involve a
functionally equivalent equipment which ha,s.a, different .
unique address but has the same model code as that of the
exact equipment. In case of YES, the routine advances from
Step 51050 to Step S1060 where a request for loading of a

path management table is transmitted to one of the node

32



: TlusSheetHasBeenR

LT llll

“ members. Further, Step S1070 is undertaken to receive
therefrom a load permissioﬁ. Thereafter, the path
management table is loaded into the responding node- |
member. Then, Step 51080 is undertaken to check as to if the
individual path management tables are loaded into all of the
node members. If N.O, the routine returns to Step S1060 to
repeat the loading operation until all of the node members
receive the respective path management tables. By such a
manner, all of the node members receive their path
management tables. Then, Step S1120 is undertaken to issue
a reset signal to all of the node members to reset thé same.

On the other hand, if the check result of Step S1050
shows that all of .the listed node members identified by the
node information are not found in the network, Step S1090 is
undertaken to confirm if only the existing members should be
addressed. When Step S1100 detects a permission for such a
selective addressing, Step S1110 is undertaken to download
the individual path management tables successively to only
the existing node members. Then, Step 51120 is undertaken
to transmit a reset signal to all of the node members to reset __
the same.

Next, Step S1130 is undertaken to check as to if the .
inputted command indicates a dump process of the path

management tables, if Step S1030 judges that the inputted
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command does not indicate the loading process, or if Step
S1100 judges that the user does not permit the selective
loading of the path management tables to the existing node
members. In case of YES, subsequent Step 51140 is
undertaken to send a dump request to node members which
have a path information manager (PIM). Then, Step S1150 is
undertaken to receive a dump permission from these node
members. Further, the network management unit collects the
path management tables dumped from these node members.
Then, Step S1160 is undertaken to check as to if the network
management unit safely receives all of the path management
tables from the responding node members. In case of NO, the .
routine returns to Step S1140 to repeat the dump process
~until the network management member receives the path
management tables from all of the attending node members.
After this, Step S1170 is undertaken to reserve the collected
path management tables in the floppy disk together with the
associated node information, thereby returning.

In the dump process, the floppy disk is used for recording
the collected table data. A hard disk or an optical disk may
be used instead of the floppy disk. Fig. 15A shows one
example of a data format recorded in the floppy disk. In this
data format, each path management table is recorded a node

by node basis, which is labeled by the unique address and the
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model code. Alternatively, as shown in Fig. iSB, the data is
recorded by a node by node basis, which contains a group
code, a unique address of a transmitter member, a model
code of a transmitter member and information of a receiving
member.

Lastly, Fig. 16 shows a detail of the panel process. This
process includes an initial path setting process and a regular
panel process. First, _Step 51200 is undertaken to carry out
the regular panel process. Next, Step 51210 is undertaken to
check as to if a path setting process should be executed. In
case of YES, Step S1220 is undertaken to display all the node
members involved in the network system according to the
node table. Further, Step S1230 is undertaken to collect
individual port information tables from the respective node
members, since the node table does not conta,in any pbrt
information. The collected port information is also displayed.
Then, Step S1240 is undertaken such that the user sets a
desired logical path between selected ports while monitoring
displayed information. This logical path settings may be
conducted such that a single receiver port is connected to
multiple transmitter ports while a group code of the
transmitter ports is acknowledged and stored by the receiver

pdrt. Further, Step S1250 is undertaken to rewrite the path
management tables based on the inputted logical paths.
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Then, the routine returns as in the case where Step S1210
judges that the path setting process is not called.

In the disclosed embodiments, the network system is
composed of electronic musical components to constitute a
complex electronic musical instrument. However, the present
invention is not limited to the electronic musical instrument,
but may cover a variety of consumer electronic instruments,
such as a network system involving a television set, a video
tape recorder, an audio component and a karaoke machine.

As described above, according to the invention, the
logical paths are restored to connect node members to
reconstruct the network system based on logical path
information stored in the node members. Therefore, the
network sysfem can be readily reconstructed once electronic
components of the node members are physically disconnected
froﬁl each other. For example, the network system composed
- of the electronic equipments can be transported in a
disassembled state to a desired spot such as a public
performance stage. Then, the electronic equipments are
physically connected to a single and common cable line.
Further,. upon power-on or resetting, the logical paths are
automatically restored to build up the network system such
as a complex electronic musical instrument. Further, a

substitute component can be equivalently connected to the
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network in place of a true component as long as the
substitute cbmponent has the same function as that of the
true component. Moreover, the logical path information is
stored in a primary node member having a receiver port
rather than a secondary node member having a transmitter
port. Since the total data amount of the path information
can be spread over the network systerri, the sys_tem can be
booted quickly. Additionally, the logical path information can
‘be reserved in a portable memory medium. The portable
mémory medium can be used commonly for separate |
locations such as studios installed with a group of similar
electronic cbmpon’ents or equipments. The memory medium
is loaded into a network management unit involved in the
group to thereby build up the same network system in
different places.. Further, in the inventive network system, the
node members are not connected in series as opposed to a
conventional MIDI network sysfem. Therefore, if one node
member is inadvertently disconnected from the network
system, the remaining node members still safely receive a

data without causing serious malfunctions.
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WHAT IS CLAIMED IS:
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1. A network system comprising: a plurdﬁty of electronic
equipments; means for commimicably connecting the
electronic equipments to one another to form a network; and
means for providing path information effective to construct |
logical paths in the network, wherein each electronic
equipment has at least either of a receiver port and a
transmitter port, and wherein an electronic equipment having
a receiver port comprises means for memorizing the path
information which specifies another electronic equipment
having a corresponding transmitter port, and means for
reconstructing a logical path which logically connects between
the receiver port and the correspon.ding transmitter port
according to .the memorized path information.

2. A network system comprising: a plurality of electronic
equipments; means for communicably connecting the
_electronic equipments to build up a complex electronic
musical instrument; and providing means for providing path
information effective to construct logical paths within the
complex electronic musical instrument, wherein each
electronic equipment has at least either of a receiver port and
a transmitter port, and wherein an electronic equipment
having a receiver port comprises means for identifying another

electronic equipment having a corresponding transmitter port
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according to the path information, and means for
reconstructing a logical path which logically connects between
the receiver port and the corresponding transmitter port.

3. A network system according to claim 2, wherein the
providing means comprises a portable memory medium which
can be loaded into a particular one of the electronic
equipment to provide thereto the path information so as to
reconstruct the logical paths.

4. A network system according to claim 2, wherein the
electronic equipment having the receiver port includes means
for memorizing the path information concerning its own
receiver port and the corresponding transmitter port. '
5. A network system which can be logically established
according to path information to circulate a data throughout
a,.complex of electronic equipments which are communicably
connected to one another, the system comprising:

‘means programmed in each electronic equipment for
forming therein either of a receiver port which receives a data
and a transmitter port which transmits a data; providing
. means for providing path information effective to enable a
primary electronic equipment having a receiver port to
identify a secondary electronic equipment having a
corresponding transmitter port; and means programmed in

the primary electronic equipment for opening a logical path
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of the data connectmg between its own receiver port and the

corresponding transmitter port according to the provided
path information to thereby enable circulation of the data

| throughout the complex of the electronic equipments.

6. A network system according to claim 5, wherein the
prirhary electronic equipment has means for memorizing the
provided path information to enable the same to restore a
new logical path whenever an old logical path is reset.

7. A network system according to claim 5, wherein the
providing means comprises é portable memory medium which
can be loaded into one member of the electronic equipments
to enable the same to distribute the path information to
other members of the electronic equipments.

8. A network system according to claim 5, including
means for selecting an initiative member from the complex of
' the electronic equipments such that the initiative member
conducts an initialization work while communicating with the
remaining members to recognize a membership of the
electronic equjpments..

9. A network system according to claim 5, wherein the
electronic equipments comprise electronic musical components
Which are integrated with one another by the lbgical paths to
build up a complex electronic musical instrument.

10. A method of reconstructing a logical network within a
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complex of electronic equipments which are physically
connected to one another and each of which has at least
either of a receiver port and a transmitter port, the method
comprising the steps of:
providing path information to a primary electronic
equipment having a receiver port to enable the same to
identify a secondary electronic equipment having a
corresponding transmitter port; and
_restoring a logical path connecting between the receiver
port and the corresponding transmitter port to thereby

reconstruct the logical network.
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