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Musical Information Processing System

The present invention relates generally to information -

processing systems, and more particularly to an improved

information processing system which is capable of efficiently

loading various data, such as music data, from a network
system, recording medium or the like to a terminal device.
With wideépread use of computer networks such as
personal c_:emputer communication networks and Internet, various
communication systems have been built on a global basis which
communicate various data and information using eommunication
networks such as telephone line networks. The use of such
communication networks permits prompt and easy transmission
of various data and information. ~ It has also been getting
very populer to process music information by means of a
personal computer. In addition to music "sequencer" software,
karaoke (singing to recorded music for entertainment) software
has been developed which enables karaoke performance using a
personal computer. In usingl such sequencer and karaoke
software, how to supply music piece_\data (particularly those
of newly-released music piecee) to users efficiently is a very

important issue. . 0
& 4. \ A

The users are -able to ‘obtain desired music data easily
\ 3
\. - P X “»Z\

.and promptiLy v:|.a a communu.cat:.on network. Slmllarly, a

-.". \\t?:-‘; ’ \ \
renewed’ ‘version of various ‘software such as karaoke or tone

generating software can be delivered to users promptly via a
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communicatibn network.

According to the known approach, desired data are
downloaded from the network by a user first selecting the data
from a data directory of é host system. However, with such
an approach, the same data as already furnished or stored in
the user (terminal device) tend to be erfoneously downloaded
in an overlapping manﬁer, or completelylirrelevant data may
be selected by the user. Further, the known approach requirés
a cumbersome selecting operation on the part of the user and
would inadvertently increase the ﬁetwork traffic to an
excessive degree. This would result in waste of money where
a pay communication network is utilized.. The same problems
could occur where data is loaded from a CD-ROM or other
recording medium into a personal computer.

'It is therefore an object of the present invention to
provide a musical information processing system which allows
optimum data to be efficiently loaded by determining system
and program possessing conditions in a user system.

It is another object of the present invention to provide
a musical information processing system which is applied to
ioading managemeht of data or program within a user system as
well as data acquisition from a communication network into the
user system. and ﬁhich permits efficient 1loading of
predetermined data or program from a_predetermined récording
medium in the system. |

| In order to accomplish the above-mentioned objects, the
present invention provides a musidal information brocessing

system which comprises a processing section, a storage section
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connected with the processing section and having stored
therein at least first data, and a data supply section
connected with the processing section and storage section and
having stored therein various data, wherein to execute
predetermined proceseing based on the first data, the
processing section sends the data supply section a request for
transfer of second data if the second data is not stored in

the storage section, and the data supply section transfers the

- second data to the storage section in response to the request

for transfer.

in one typical example of the above-mentioned musical
information processing system, the processing and storage
sections are provided in a user's terminal, while the'data
supply section is provided in a host device or another
terminai-as a database for access via a communication network.
Alternatively, the processing section may be in another
terminal or host device connected to the network, and the
storage section may be incorporated in a terminal device or
connected to the network.

In order to.egecute the predetermined process, second
data are needed in addition to the first deta. For example,
where . the predetermined processing is an automatic
reproductiom of a given piece of music (music piece), the
first data comprise automatic performance sequence _data
(containing' data designating notes and tone generation
timing), which are necessary for total reproduction of the
music piece, and the second data comprise waveform data and

tone generator program data necessary for reproduction of
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individual tones. The storage section of a terminal device
has stored therein at least the first data and may also
contain some of the second data. When a selection to

reproduce a music piece is made in the terminal, the

predetermined processing (in this case, automatic music piece

reproduction process) is executed on the basis of the first
data, but for complete exécution.of the predetermined process,
it is neceséary for the second data to be possessed by or
stored in the storage section. | The processing section
ascertains whéther or not the second.data necessary for the
predetermined processing are stored in the storage section.
If all or some of the second data necessary for the
predetermined processing are not stored in the storage
section, the processing section sends the data supply section
a request for transfer of the lacking data. If the data
supply section is in the form of a database for the entire
musical information processing system, the database contains
all the data needed in the system (or at least all of the
second data) and thus is able to transfer the requested second
data to the sto:age section in response to the request of
transfer. A determination as to ether or not the second data
are stored in the storage section may itself Be made by the
proceésing secﬁion, or by a processor of the data supply
section in response to the terminal's requést for transfer.
This arrangement permits selective transfer of only some
of the éecond data that are not actually stored in the
storage seétibn, thus achieving efficient downloading.

With the present invention thus constructed, optimum
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data or program can be automatically downloaded according to
system énd program-possessing conditions of a user's terminal.
Further, necessary data to be downloaded can be readily
selected without a user's cumbefsome selecting operation, and
the séme data as already possessed by a user's terminal caﬁ
be prevented from being downloaded into the user in an
overlapping manner, with the result that wasteful processing
can be avoided,. Thus, the present invention achieves superior
benefits, such as effective prevention of increase in the
netwbrk traffic. |

In another example 6f the musical information processing

system, the data supply section is connected with the

'processing and storage sections without an intervening

communication network. In such a case, the data supply
section may also be provided in a user's terminal, and the
principle of the present invention is applied to loading
management of data or program within the user system. The
data supply section may be in the form of a database having
a relatively small capacity-, e.g., a portable recording medium
such as a CD-ROM.

Thus, even when data or program is loaded from a
recording me_diuin, such as a CD-ROM, to an internal memory,
such as a RAM, in the user system, necessary data to be
downloaded can be readily selected without a user's cumbersome
selecting operation, and the same data as already stored in
the internal mémory can be prevented from being downloaded in
an overlapping manner, with the result that wasteful

processing can be avoided.
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Another aspect of the present invention provides a
musical information processing system which comprises a
processing section, a storage section connected with the
processing section and having stored therein at least music
data, and:a data supply section connected with the processing
section and stotage section and:having stored therein various
data, wherein the music data contéins designation data for
designating music-related data of the various data that is
necessary for executing predetermined processing based on the
music data, and when the processing section executes the
proceésing based on the music data, the data supply section
transfers to the storage. section the music-related data
designated by the designation data.

| Also, in this case, if the predetermined processing is
an automatic reproduction of a given music piece, the music
data comprise automatic performance sequence data (containing
data designating notes and tone generation timing) which are
necessary for total reproduction of the music piece, and the
music-related data comprise waveform data and tone generator

program data necessary for reproduction of individual tones.

The storage section has stored therein at least the music data

and may also contain some pf the music-related data. The
characferistic point of the musical information processing
system is that the music data contain not only the automatic
performance sequence data but also such data designafing
music-related data needed for execution of the predetermined
processing (automatic music piece reproduction brocessing).

Only some of the music-related data that are necessary for
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reproduction of a music piece (wavefoim data or tone generator
program data) may be selectively transferred from the data
supplj section on the basis of the designating data and then
stored into the storage section. What sort of data should be
supplied as the necessary music-related data is automatically
specified by the designating data, and this can feduce a
user's load in loading data. Further, because the amount of
the designating data is by far smaller than the amount of the
musicfrelated data, the total amount of the music data

prestored in the storage section can be. reduced to a

- substantial degree.

For better understanding of various features of the
present invention, the preferred embodiments of the invention

will be described in detail hereinbelow with reference to the

‘accompanying drawings, in which:

Fig. 1 is a block diagram illustrating a generai
structure of an embodiment of an informa'ti'on processing system
according to the present invention;

| Fig. 2A is a blogk diagram illustrating an exemplary
structure of a host computer of Fig. 1;

Fig._ZB shows examples of several data groups stored in
a data bank of Fig. 2A;

Fig. 3A is a block diagram illustrating an exemplary
structure of a terminal device of Fig. 1;

Fig. 3B is a diagram illustrating an exemplarj memory
map in a RAM of a persdnal computer of Fig. 1:;

Fig. 4A is a diagram illustrating an exemplary structure



10

15

20

25

of music piecé data;

Fig. 4B is a diagram illustrating én exemplary structure
of waveform data;

Fig. 5A is a diagram illustrating an exemplary structure
df parameter data;

" Fig. 5B is a diagram illustrating an exemplary structure

of program data;

Fig. 5C is a diagram illustrating an éxemplary data
structure of user profile information;

Fig. 6 is a flowchart showing an example of a main
routine égecuted by the host computer of Fig; 1;

Fig. 7 is a flowchart illustrating a part of an example
of a daté transfer process;

Fig. 8 is a flowchart illustrating another part of the
data transfer process of Fig. 7;

Fig. 9 is a flowchart illustrating the remaining part of
the data transfer process of.Fig. 7:

Fig. 10 is a flowchart illustrating an example of a main’
program executed by the terminal devices of Fig. 1;

Fig. 11 is a flowchart illustrating a part of an example
of network processing;

Fig. 12 is a flowchart illustrating another part of the
netwdrk processing of Fig. 11;

Fig. 13 is a flowchart illustrating still another part
of the network processing of Fig. 11;

Fig. 14 is a flowchart illustrating the remaining part
of the network processing of Fig. 11;

.Fig. 15 1is a flowchart illustrating an example of
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Fig. 16 is a flowchart illustrating an example of music-
piece-data performance processing;

Fig. 17 is a flowchart illustrating an example of a

music-piece-data selecting process;

Fig. 18 is a flowchart illustrating an example of tone
generatihg processing; |

Fig. 19 is a flowchart illustrating an example of
waveform calculation; and

Fig. 20 is a timing chart explanatory of the tone

generating processing of Fig. 18.

Preferred embodiments of the present invention will be
described hereinafter in relation to an informétion.processing
system which is designed to supply (deliver or load) various
music data, such as music piece data and waveform data ahd
tone generating program. |
<General Structure of the System>

Fig. 1 is a block diagram showing a general structure of
an embodiment of an information processing system according
to tthe present invention. As shown, the information
processing system generally comprises a' host computer 10,
relay stations 21 and 22, network lines 50 such as public
telephone lines, and terminal devices 31 to 35 connected to
the host computer 10 via the network 1lines 50 and relay
stations 21, 22. The terminal devices 31 to 35 include a
personal computer 31, an electronic musical instrument

(E.M.I.) 32, a game machine 33, a communication karaoke system
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34, and 'a BGM system based, for ekample, on cable
broadcasting. Each of the terminal devices 31 to 35 is
connected to the ‘network line 50 by means of a MODEM
(Modulator-Demodulator) if the corresponding line 50 is a

public telephone line, and also has a function to transmit and

receive data in a predetermined format in accordance with a

predetermined protocol if the corresponding network line 50
is a dedicated digital line. Any other sorts of terminal
devices than the above-mentioned may be used as long as they
are connectable to a network.

The relay stations 21 and 22 may be iocal telephone
offices if the lines used are commercial circuit lines, or may
compriee server computers if the lines used are those of LAN
(Local Area Network). If the network is a small-scale
network, the relay stations 21 and 22 may be eliminated so
that thelhost computer 10 are connected directly with the
terminal devices 31 to 35. The communication network lines
may partly rely on ground wave communication as by microwave,
or radio communication as by satellite. Further, as the daﬁa
communication method, a method of transmifting digital data
ae a background of voice communication may be employed other
than the conventionally-known digital communication method.

In-responée to a download request issued from any one of

the terminal equipments 31 to 35 or designation made on the

'host computer 10, the computer 10 transmits, to the terminal

device, desired music piece data, performance software for
performing a music piece, or tone generator (T.G.) software

for simulating a tone generator (software tone generator).
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An exemplary structure of the host computer 10 is shown
in Fig. 2A. As shown in Fig. 2A, the host computer 10
compriées a central processing unit (CPU) 11, a ﬁemory 12
having prestored therein various control programs and data,
a data bank 13 having prestored therein music piece data,

waveform data and various data of performance and tone

generator software, a console and display 14, a network

interface circuit 15, such as a MODEM, connected to the
network line 50, and a bus 16.

Fig. 2B shows examples of a plurality of data groups
stored in the data bank 13: music piece data group (MUSIC
DATA(FILE) 1 - K) 131; waveform data group (WAVE DATA(FILE)
l1-1L) 132;.tone forming parameter group (PARA DATA(FILE) 1 -

M) 133; tone generating program group (TONE PGM(FILE) 1 - N)
134_such as various controi programs for tone generator; and
performance.prbcessing'program (PLAY PRG(FILE) 1 - P) 135 such

as automatic performance programs and karaoke software. These

_data groups may be stored in any suitable storage or recording

medium such as a floppy disk (FD), hard:  disk (HD), magneto
optical disk (MO) or CD-ROM. In this embodiment, the music
piece data group (MUSIC DATA(FILE) comprises data for
effecting automatic performance.

The terminal devices 31 to 35 each connectable to a
network are all computer systems which basically have a

similar structure as shown in Fig. 3A, although they are

different from one another in outer appearance,

operating/dispaly section, stored software, etc. depending on

the respective types of the devicesl(i.e., personal computer
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(PC), karaoke device, game‘machine, etc.). As shown in Fig.
3A, each of the terminal devices 31 to 35 comprises a CPU 101
for controlling overall operation of the terminal device, a
ROM 102 having prestored therein control programs and the
like, a RAM 103 for storing various data, a hard disk device
104, a flexible disk device 105, a CD-ROM or MO driver 106,
a card interface ciréuit 107, a memory card 108, a network
interface circuit 109 such as a MODEM, a console such as a
character keyboard 110, a display device 111, a music keyboard
112 employed where the terminal device is an electronic
musicél instrﬁment, a tone generator (T.G.) 113, and a system
signal path 114. In this embodiment, the "signal path" 114
generically refers to not only a CPU bus-but also an extended
bus, SCSI (Small Coﬁputer System Interface) and other
connections based on other connection standards.

In this embodiment, various storage or recording media
including the hard disk device 104, flexible disk device 105,
CD-ROM or MO driver 106 and memory card 108 are attached to
the terminal device in accordance with the specifications for
the termihal device; the specifications for the media mounting

and connection are different depending on the type of the

'terminal devices. In the case where the terminal device is

to be connected to the CPU bus, the storage media may be
connected in various manners, for example, via an interface
such as an extended interface circuit or SCSI.

The'tone generator 113 may be implemented by only a
CODEC (Coder-Decoder) including a digital—toQanalog coﬁverter

(D/A), or by a combination of a CODEC and tone generator
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hardware including a dedicated LSI, DSP or MPU, or by driving
a tone generator device via a MIDI (Musical Instrument Digifal _
Interface). in the case where the tone generator 113 is
implemented by only a CODEC, the CODEC. is used along with a
so-called software tone geherator "that arithmetically
generates tone waveform data by software; In the case where

the tone generator 113 is implemented by a combination of a

. CODEC and tone generator hardware, a board (daughter board)

equipped with a tone generator chip or device may be mounted

" separately on the CODEC, or these elements may be mounted on

the CODEC together from the beginning, or these elements and
CODEC may all be incbrporated in a single LSI.

Fig. 3B shows an exemplary memory map in the RAM 103 of
the personal computer 31 where only the CODEC is mountéd as
the tone generator 11 to gene';rate tone waveform data by
software. As ‘'shown, an operating system for the personal
computer 31 is stored in storage region 1031, plural sorts of
performance processing programs are stored in storage region
1032, and one or more tone generating programs are stored in
storage region 1033. Fufther, a group of tone waveform data
(WAVE DATA) is stored in storagé-region 1034, and music'piece
data (MUSIC DATA) to be played are stored in storage region
1035. 1In éddition, storage region 1036 stores therein various
other data and programé'or is sometimes placed in an empty
condition.
<Data Structures>

Various.déta structures used in the presenf invention'

will be described below.
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Fig. 4A shows an exemplary structure of music-piece data
set or file (MUSIC DATA(FILE)), which generally comprises a
principal music-piece data part (MUSIC DATA) and music-piece-
related data part (MUSIC MISC DATA) accompanying the principal
part. ' The principal music-piece data part (MUSIC DATA) is
stored in the data bank 13 in compressed form, while the
music—piéce—related dafa part (MUSIC MISC DATA) is stored in
the data bank 13 in uncompressed form. The principal music-
piece data part (MUSIC DATA) includes: data identifying a name
of the music'piecé (SONG NAME); data identifying a version
number of the music piece data (VER NO ID); data identifying
a language to be used to wvisually display the words of the
music piece where the muéic—piece data set is directed to
karaoke singing (LANGUAGE 1ID); data indicative of a
performance tempo of the music piece (TEMPO); data indicative
of a beat of the music piece (BEAT); principal perfofmance
event data containing data identifying types and occurrence
times of individual pgrforman¢e events in the music piece; and
data indicative of an end of the principal music-piece data
part (END OF DATA). The principal performance event data part
also contains information on a tone generator and tone
generating program to be used (TG INFO).

In the case where the music piece data is for karaoke
singing, wordé and image data are included in the principal
performance event data. Alternatively, performance event data
and words (and image) data may be stored separately so that
the words (and image) data are read out, in response to a

selection that the music piece should be for karaoke singing
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rather than for a mere performance, so as to execute the
performance with the words or iﬁage_ _data visually displayéd.

The music-piece-related data part (MUSIC MISC DATA)
accompanying the principal music-piece data part includes:
data identifying a name of the music piece (SONG NAME);
information containing a brief explanation of the music piece
({MUSIC INFO) and the like; data identifying a version number
of the music piece data (SONG VER NO ID); and information on
a tone generator and tone generating program associated with
the musi.c piece data (TG INFQO); and data indicative of an end
of the music piece data (END OF FILE). Depending on the
situation, the music-piece-related data part (MUSIC MISC DATA)
may also include .a tone color 1list enumerating numbers or
names 'of all tone colors to be used in performance of the
music piece.

Fig. 4B shows an exemplary structure of waveform data
set or file (WAVE DATA(FILE)), which is used in a tone
generator to generate a waveform and generally compfises
principal waveform data part (WAVE DATA) and waveform-related-
data part (WAVE MISC DATA) accompanying the principal waveform
data part. The principal waveform data part (WAVE DATA) is

stored in the data bank 13 in compressed form, while the

waveform-related-data part (MUSIC MISC DATA) is stored in the.

data bank 13 in uncompressed form. The principal waveform
data part (WAVE DATA) includes: data identifying a name of the
waveform (WAVE NAME); data identifying a version number of the
waveform data (WAVE VER NO ID); information identifying a

format of the waveform data (WAVE FORMAT ID); waveform sample
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data (WAVE SAMPLE DATA); and data indicative of an end of the
waveform data (END OF DATA).

The waveform-related-data part (WAVE MISC DATA) includes
data identifying a name of the waveform (WAVE NAME); data
identifying a version number of the waveform data (WAVE VER
ID); informétion containing a brief explanation of the
waveform data (WAVE MISC INFO) and the 1like; and data
indicative of an end of the waveform data (END OF DATA).

In Fig. 5A, there is shown an exemplary structure of
tone forming parameter data set or file (PARAMETER DATA
(FILE)), which is used by a tone generator which is designed
to arithmetically generate a waveform without using waveform
data and which generally comprises principal parameter data
pért (PARAMETER DAfA) and paraméter—related data part (PARAM
MISC DATA) accompanying the principal parameter data part.

The principal parameter data part (PARAMETER DATA) is stored

.in the data bank 13 in compressed form, while the parameter-

related data part (PARAM MISC DATA) is stored in the data
bank 13 in uncompressed form. The principal parameter data
part (PARAMETER DATA) includes: data identifying a name of the
tone forming parameter data (PARAM NAME); data identifying a
version number of the tone forming parameter data (PARAM VER
ID); data identifying a kind of the tone forming parameter
data (PARAM KIND ID); parameter data (PARAMETER); and data
indicative of an end of the tone forming parameter data (PARAM
VER ID).

The . parameter-related data part (PARAM MISC DATA)

includes data identifying a name of the tone forming parameter
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data (PARAM NAME); data identifying a. version number of the

tone. forming parameter data (PARAM VER ID); information

containing a brief explanation of the tone forming parameter

data (PARAM MISC INFO) and the 1ike; and data i_ndicative of
an end of the file (END OF FILE).

Tone forming program data set (file) (TONE PGM
DATA(FILE)) and performance processing program data set (file)
(PLAY PGM DATA(FILE)) have a same data structure as shown in
Fig. 5B. That is, each of these program data sets comprises
principal program data part (PROGRAM DATA) and program-related
data part (PROGRAM MISC DATA). The principal program data
part (PROGRAM DATA) is stored in the data bank 13 in
compressed form, while the program-related data part ( PROGRAM
MISC DATA) is stored in the data bank 13 in uncompressed

form. As shown, the program-related data part (PROGRAM MISC

" DATA) includes: data identifying a name of the tone generating

program or performance processing program (PROGRAM NAME); data

identifying a version number of the program (PRGM VER ID);

information containing a brief explanation of the program

(PRGM MISC INFO); and data indicative of an end of the file
(END OF FILE). |

Because the principal data part of each of the above-
mentioned data sets is stored in compressed form and the
related data part_ of each of théée data sets is sto.red in
uncompressed form, the reléted data part can be consulted
before the corresponding principal data part is downloaded,
which will effeotively facilitate management as to whether

downloading of the principal data part should be effected or
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not. When the user downloads the compressed data set, the
downloaded cbmpressed data set Will be restored to the
original form by the terminal device having received the data
set. In one implementation, certain data may be attached to
any of the above-mentioned data sets to specify a term of use
of the data set so that the corresponding program can
determine, from the specified term of use, whether the data
set can be used at a particular time. In this case, the
program data éet can be prevented froﬁ being activated after
a lapse of the term of use.

In each of the terminal devices 31 to 35 is stored

information on the terminal device itself, i.e., user profile

information (USER PROFILE). Where such user profile

information is stored in the host computer 10 as well, vérious
processes can be executed on the basis of the user profile
information (USER PROFILE). Fig. 5C shows an exemplaryldata

structure of the user profile information (USER PROFILE),

- which comprises user identification information (USER ID),

user personal information (USER PERSONAL ID), user system
information (USER SYSTEM INFO) .and direcfory information
(DIRECTORY INFO).

The user personal information (USER PERSONAL) includes
a user name (USER NAME) and user address (USER ADDRESS). The
user system information (USER SYSTEM INFO) includes: type datal
indicating a kind of the device (MACHINE KIND), such as a
karaoke device, personal computer or game machine; name data
identifying a name of the device by its model number (MACHINE

NAME); information on the CPU used in the device (CPU INFO);



10

15

20

25

- 19 -

memory information such as a capacity of a memory provided in
the device (MEMORY INFO); information on an operating system
provided in the device such as a version and type thereof (0S
INFO); and information on a network protocol used in the
device (PROTOCOL INFO).

The directory information (DIRECTORY INFO) includes a

list of waveform data prestored in the device (WAVE LIST), and

a list of tone generating programs or performance processing

programs (SOFT LIST).
<Processing in Host Computer 10>

Fig. 6 is a flowchart showing an example of a main
routine executed by the host computer 10. The host computer
10 is capable of performing line services for a maximum number
of nét channels MAX NET.CH by time-sharing processing (TSS),
so as to'trahsmit data in response to a download request
issued from~any one of the terminal devices.

First, at step. S10 of Fig. 6, pointer i pointing to one
of the network 1ine§ to be serviced is initialized to a value

of "1". Thén, the host computer 10 proceeds to step S20,

" where data transfer processing is executed for the liné

pointed to by the pointer i (i.e., "i"th line). After this,
the value of the pointér i is incremented by one (i + 1) at
step S30, and a determination is made at step S40 as to
whether the current value of the pointer i has exceeded the
maximum numbef of the channels connected to the host computer
10 (i.e., i = MAX NET CH + 1). If.answered in the negative
(NO) at step S40, the host computer 10 loops back to step S20

in order to perform the data transfer processing for a next
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channel (i.+ 1). If the current value of the pointer i has
exceeded the maximum number of the channels as determined at
step S40, the host computer 10 reﬁerts to step S10, where the
pointer i is again set to "1" to repeat the data transfer
processing from the first channel.

| Figs. 7 to 9 are flowcharts explaining'details of the
data transfer processing for one of the network lines pointed
to by the pointer i. In this data transfer prbcessing, a
sequence of the processing is set by detecting current states
of the "i"th line using seven flags SEQFLGil to SEQFLGi7.
All flags SEQFLGil to SEQFLGi7 are initialized to a value of
"0" at start-up of the information processing system, then
flag SEQFLGil is maintained at "1" while the "i"th line is
connected, and then flag SEQFLGi2 is set to "1" when a LOGIN
process is completed. After this, flag SEQFLGi3 is set to
"1" when a data download command is input from any one of the
terminal devices, and one of flags SEQFLGi4 to SEQFLGi7 is
used to indicate a type of the data requested by the data
download command input.

That is, flag SEQFLGi4 is caused to indicate "1" when a
music piece data download command is input; flag SEQFLGi5 is
caused to indicate "1" when a wavefofm data download command
is input}zflag SEQFLGi6 is caused to indicate "1" when a
parameter data download command is input; and flagISEQFLGi7
is caused to indicate "1" when a program déta download command
is input. In addition, when the data transfer processing
responsive to the download command is completed, flag SEQFLGi3

and one of flags SEQFLGi4 to SEQFLGi7 corresponding to the
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transmitted data are reset to "O". In Figs. 7 to 9 and in
the following description, the letter "i" written at the end
of the reference character for each of the above-mentioned
flags is omitted, for simplicity.

In Fig. 7, once the data transfer processing is
initiated for the "i"th line at step S20, a determination is
first made at S201 as to whether flag SEQFLGl is at "O" or
not. If the "i"th line is not connected such as when the
system is at an initial stage, flag SEQFLGl is at “0“,'and.
thus an affirmative determination results at step S201, so
that the host computer 10 goes to step S202. At step S202,
the host computer 10 checks a current connecting state of the
"i"th line. If the "i"th line is not connected as determined
at steﬁ S203, the hosf domputer.lo retufns to step S30 of the
main routine of'Fig. 6 in order to perform the operations for
a next line. If the "i"th iine is connected and hende an
affirmative (YES) determination results at step S203, thé host |
computer 10 goes to step S204 to set "1" into flag SEQFLGI,

terminate the processing for the "i"th line and then returns

to the main routine of Fig. 6.

When the data transfer processing is initiatéd for the
"i"th line at step S20 in a next cycle, a negative (NO)
determination results at step S201 now that flag SEQFLGl is
set to "1" at the last execution of step S204. Therefore,
the host computer 10 checks a current connecting state of the
"i"th line at step S205. If the "i"th line is connected as
determined at step S206, the host computer 10 proceeds to step

S207. Once the determination becomes negative at step S206
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dué to a user's LOGOUT command or compulsory'disconnection
command issued_by the_syétem, a line disconnection process is
executed at step S211, all of flags.SEQFLGl to SEQFLG7 are
reset to "O" at step S212, and the data transfer processing
for the "i"th line is terminated.

Once the determination becomes affirmative at step S206,
the host computer 10 proceeds to step S207, where a further
determination is made as to whether flag SEQFLG2 is at JO" or
not. Because only flag SEQFLGl is now set at "1"_due to the
last execution of step S204 with flag SEQFLG2 still being at
"o", an affirmativendetérmination results at step 5207, so
that the host computer 10 moves on to step S208 in order to
perform a LOGIN process. In the LOGIN pfocess of step S5208,
the host éomputer 10 accesses the user net to examine the
user ID, password and fhe like. At next step S209, a
determination is made as to whether the LOGIN process has been

completed or not. If the LOGIN process has been completed,

‘flag SEQFLG2 is set to "1" at step S210, and the data

transfer processing S20 is terminated for the line currently
pointed to by the pointer i. If the LOGIN process has not
yet been _completed as determined at step S209, the data
transfer pfocessing of step S20 is terminated without
performing the operation of step S210.

When the LOGIN process has been completed, SEQFLG2 is

set at "1" as noted earlier and thus the determination becomes

negative at step S207, so that the host computer 10 moves on

to step S220 Qf Fig. 8. At step S220, a determination is

made as to whether flag SEQFLG3 is at "0". The determination



10

15

20

25

- 23 -

becomes affirmative because flag SEQFLG3 is at "0" at this

point, and hence the host computer 10 proceeds to step S221
to execute a terminal command reception process. At next step
S222, a:determination is made as to whether reception of a
command input.from fhe user terminal has been completed or
ndt, When the reception of a command input from fhe user
terminal has beeh completed and the determination is negative
at -step S222, the procéssing for the current 1line is
terminated and the host computer 10 returns to the main
routine of Fig. 6. Once step S222 determines that the
reception of a command input from the user terminal has been
completed,'tﬁe host computer 10 does to step S223. Operations
at énd after step S223 afe directed to setting -any of the
flags to activate or trigger a function corresponding to the
received user command.

At step S223, it is determined whether the command input
from the terminal device is a music piece data download
command. With an affirmative determination, the.host computer
10 proceeds to step S224, where flags SEQFLG3 and SEQFLG4 are
set to "1" in order to terminate the processing for the "i"th
line. If, on the other hand, the command input from the
terminal devide is not a music piece data.download command,
then the host computer 10 branches to step S225 to further
determine whether the command input from the terminal device
is a waveform data download command. If answered in the
affirmative at step S$225, the host computer 10 proceeds to
step S226, where flags SEQFLG3 and SEQFLG5 are set to "1" in

order to terminate the processing for the "i"th line.
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If answered in the negative at step S225, the host
computer 10.branches to step S227 to further determine whether
the command input-from the terminal device is a parameter data
download command. With an affirmative determination, the host
combuterllo proceeds to step S228, where flags SEQFLG3 and
SEQFL.G6 are set to "1" and the processing is terminated for

the "i"th line. If, on the other hand, the command input

"from the terminal device is not a parameter data download

command, then the host computer 10 branches to step S229 to
further determine whether the command input from the terminal
device is a program data download command. If answered in
the affirmative at step S229, the host computer 10.proceeds
to step S230, where flags SEQFLG3 and SEQFLG7 are set to "1;
and the processing is terminated for the "i"th 1line. 1f
answered in the negative at step 8229, the processing for the
"i"th line is terminated without performing the operation of
step S229.

As noted above, flags SEQFLG3 and.SEQFLG4 are set to "1"
when the command input from the fefminal device is a music
piece data download command; flags SEQELG3 and SEQFLG5 are set
to "1" when the command input is a waveform data download
command; flags SEQFLG3 and SEQFLG6 are set to "1" when the
command input is a parameter data download command; and flags
SEQFLG3 and SEQFLG7 are set to "1" when the command input is
a program data download command. Namely, whenever any commaﬁd
is input from one of the terminal devices, flag SEQFLG3 is
set to "1" and the sort of the input command is designated by

one of flags SEQFLG4 to SEQFLG7.
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Because flag SEQFLG3 is set at "l" after the reception

of the comménd from any of the terminal devices is completed,

" the determination at step S220 becomes negative, so that the

host computer 10 goes to step S240 of Fig. 9 in order to
perform, at and after step S240, functions corrésponding to
the command input from the terminal device. At step S240, a
determination is made as to whether SEQFLG4 is at "l1". If
answered in the affirmative at step S240, it means that the
command input from the terminal device is a music piece data.
download command, and thus the host computer 10 goes to step
S241, where the music piece data designated by the command are
read out from the data bank 13 and transmitted to the
terminal device connected to the "i"th line. Then, a
determination is made at steb §242 as to whether transmission

of the designated music piece data has been completed. If

the transmission has not been completed yet, the host computer

10 returns to the main routine, but if the transmission has
been completed, flags SEQFLG3 and SEQFLG4 are both reset to
"0" at step S243 and the current execution of the processing
is ferminated.

If answered in the negative at step S240, the host
computer 10 branches to step S244, .Where a further
determination is made as to whether SEQFLG5 is at "1". 1If
answered in the affirmative at step S244, it means that the
command input from the terminal device is a waveform data
download command, and thus the host computer 10 goes to step
S245, where the waveform data designated by the command are

read out from the data bank 13 and transmitted to the
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terminal device. Then, a determination is made at step S246
as to whether transmission 6f the designated waveform data has
beén completed. If the transmission has not been completed
yvet as determined at step S246, the host cdmputer 10 returns
to the main routine, but if +the transmission has been
completed, flags SEQFLG3 and SEQFLG5 afe both reset to “0"'af
step S247 +to terminate the currenf execution of the
processing. _

If answered in the negative at step S244, the host
computer 10 branches to ~step 5248, wherel a further
determination is made as to whether SEQFLG6 is at "1". If
answered in the affirmative at step S248, it means that the
command input from the terminal device is a parameter data
download command, ahd thus the host computer 10 goes to step
S249, where fhe paraﬁeter data designated by the command are
read out from the data bank 13 and transmitted to the
terminal device. Then, a determination is made at step S250
as to whetﬁer transmission of the designated parameter data
has been completed. If the transmission has not been
completed yet as determined at step S250, the host computer
10 returns to the main routine, but if the transmission has
been completed( flags SEQFLG3 and SEQFLG6 are both reset at
step S251 to "O" to terminate the current execution of the
processing.

Finally, if answered in the negative at step S248, the
host computer 10 branches to step S252, where a further
determination.is made as to whether SEQFLG7 is at "1". 1If

answered in the affirmative at step S252, it means that the
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command input from the terminal device is a tone generating
or perfbrmance processing program download command, and thus
the host computer 10 goes to step S253, where the program
designated by the command is read out from the data bank 13
and transmitted to the terminal device. Then, a determination
is made at stép S254 as to whether transmission of the
designated program has been completed. If the transmission
has not been completed yet, the host computer 10 returns to
the main routine, but if the transmission has been completed,
flags SEQFLG3 and SEQFLG7 are both reset at step S255 to "O"
to terminate the current execution of the proéessing. If
SEQFLG7 is not at "1" as determined at step S252, the current
execution of the processing is also terminated.

'In the above-mentioned ménner, in response to the sort
of the download command input from fhe terminal device, the
corresponding data are read out from the data bank 13 for
transmission to that terminal device. At the time point when
the data transmission has' been completed through the
operations of steps S240 to S255, flags SEQFLGl and SEQFLG2
are set at "1" and next data can bé successively downloaded
by receiving a download command from any of the terminal
devices.
<Processing in Terminal Devices>

The.following paragraphs describe various processing
executed in the terminal devices. Fig. 10 is a flowchart of
a main routine program executed by each of the terminal
devices 31 to 35. As shown, an initialization process is

first executed at step S50, which includes loading the system
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" program into the terminal device. Then, a system management

process is executed at step S60, and application program
processing is executed at next step S70.

The term "application program" is used herein to refer
to not only an ordinary application program run on a personal
computer or the 1like, but also a program for performing
predetermined operations specific to the terminal device
(e.g., 1if the terminal device is a game machine, the
application program will be game software). Depending on the
nature of the system, the predetermined operations may be
implemented by driver software run in combination with the
operating systém, and such dfiver software is included in the
category of the "application program".

After the application program processing of step S70, .
network processing is executed at step SBO,'and then the
routine 1oops back to step S60 to repeat the system management
process of step S60, application program processing of step
S70 and network processing of step S80.
<Network Processing>

The network processing of step S80 will be described in
detail below with reference to Figs. 11 to 14. The network
processing is intended for connecting the terminal device to

the host computer 10 and downloading data such as music piece

_'data, waveform data, parameter data, tone generator program

and performande processing program. For the music piece data
downloading, two modes are provided, one of the modes being
a tone-generator-program-accompanying mode in which music

piece data is downloaded along with a corresponding tone
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generator program, the other mode being a waveform-data-
accompanying mode iﬁ which music piece data is downloaded
along wifh'corresponding waveform data.

With the above—mentioned '~ tone-generator-program-
accompanying.mbde and waveform-data-accompanying mode, a user
is allowed to automatically download an optimum tone generator
program or waﬁefonm data. In the tone-generator-program-
accompanying mode, a tone generator program as well as music
piece data can be supplied to a user having no sounﬂ board or
externél tone generator connected to the network 50, so that
a music piece can be performed very easily. On the other
hand, in the waveform-data-accompanying mode, particular
waveform data necessary for obtaining a unique musical
expression of a music piece can be supplied fo a user having
only standard waveform data, so that a high-quality
performance can be achieved with ease. |

In the network processing of step S80, a sequence of the
operations is controlled by use of flags TERM1 - TERM3 and
TERM11 --TERMZZ which are all reset at "0" at an initial
stage.

Upon activation of thé netwdrk processing, a
command/setting operation process is performed at step S801
fo determine a current operationél state of a mouse, keyboard
or operation panel operated by the user. A host-response-
prompt reception and display process is executed at next Step
5802, and then a determination is made at step S803 as to
whether flag TERM1 is currently at a value of "O". Because

flag TERM1 is at "O" at the initial stage, an affirmative
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determination results at step S803, so that the processing

proceeds.to'step S804 in.order to execute an access-point-
connection and LOGIN prodess.

In this case, automatic access may be made to a nearest
access point or to an access point requiring a lowest line
cost. In downloading data, a currently-connected access point
may be used as a data selecting criterion. For example,
where the access is being through a long-distance call, a
version of a same music piece or program having a lowest data
amount may be automatically selected for downloading.

After step S804, the'processing moves on to step S805 in
order to determine whether the LOGIN process has been
completed. If the LOGIN process has been completed, the
processing terminates the network processing after setting
flag TERM1 to "1" at step S806.

Once the determination becomes negative at step S803 by
flag TERM1 being set to "1", the processing branches to step
S807 in order to.check a current line connection state and
LOGOUT opefation,'so that it is determined whether the line
is- being connected at step S808. If answered in the
affirmative at step S808, the proéessing proceeds to step S809
in order to make a further determination as to whether flag
TERM2 is currently set at "0". If answered in the negativé
at step S810, the processing proceeds to step S810 in order
to make a further determination as to whether flag TERM3 is
currently set'at "o". Thus, through steps S809 and S810,

different subsequent operations are performed depending on

‘current values of flags TERM2 and TERM3.
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Once the determination becomes negative at step S808,
the processing branches to step S8l1 in order to execute a
line disconnection/LOGOUT correspondent process. Then, the
processing terminates the network processing after resetting
all the TERM flags to "0O" at step S812. |

At the time point when the LOGIN to the host computer 10
has been completed, flag_TERMZ is still at "0", so that thé
determination becomes affirmative at step S809 and the
processing moves on to step S820 (Fig. 12), where a
determination is made as to whether flag termll is currently
at "0". Because flag termll is at "0" at this time, the
determination becomes affirmative at step S820, so that the
processing proceeds to step S821, where a determination is
made as to whether any input operation has been made to
download music piece data. With an affirmative determination,
a command for downloading the music piece data designated by
the iqput operation is transmitted to the host computer 10 at
step 822. Then, the processing terminates fhe network
processing of step S80 after'setting flag TERM1l to "1" at
step S823.

1f answeréd in the negative at step S821, the processing
branches to step S824, where a determination is made as to
whether any input operation has been made to download waveform
data or parameter data. With a negativé determination, the
processing branches to step S826, where a further
determination is made as to whether any input operation has
been made to download program data. If answered in the

negative at step S826, the processing branches to step 5828
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in order to execute a process corresponding to any other input.
operation. If any input operation has been made to download
waveform data or parameter data as determined at step S824,
e command for downloading the waveform data or parameter data

designated by the input operation is transmitted to the host

" computer 10 at step S825. If any input operation has been

made to download program data as determined at step S826, a
command for downloading the tone generating program or
performance processing program designated by the input
operation is transmitted to_the host computer 10 at step S827.
After these eperations, the processing terminates the network

processing of step S80 after setting flag TERM11 to_"l" at

step S823.

Once the determination becomes negative at step S820 by
flag TERM11l being set to "1", the processing branches to step
S829 in order to execute a downloaded data reception process.
After this, the prdcessing proceeds to step S830, where a
determination is made as to whether reception of the
downloaded data has been completed. If answered in the
affirmative at step S830, the processing goes to step S831 to
inform the user tnat the reception has been completed. Then,
flag TERMl1l is reset to "0" and flag TERM2 is set to "1" at
step S832 before the processing terminates the current -
execution of the network processing. If the reception of the
downloaded data has not been completed as determined at step
S830, the processing terminates the network processing without
performing the operations of steps S831 and S832.

Once the determination becomes negative at step S809 by
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flag TERM2 being set fo "iv, fhe processing.branches to step-
S810 in order to check a current state of flag TERM3. If an
affirmative determination results at step S810 with flag TERM3
set at fO", the processing moves on to step S840 (Fig. 13) in
order to check a current state of flag TERM21. If flag TERM
21 is currently at "O", the processing goes to step S841 in
order to detefmine whether or not the received data is music
piece data. If the received data is other than music piece
data, then the processing jumps to step S848 to reset flags
TERML and TERM11 to "0" and set flag TERM3 to "1" and then
terminates the current exedution of the network processing.

If the received data is music bLece data as determined
at step S841, the processing goes to step S842, wheré a
determination is made as to whether or not the current
download process is in the tone-generator-program-accompanying
mode. With a negative determination, the processing
terminates the network processing of step S80 after performing
the operation of step S848 as in the case where other data
than music piece data is downloaded.

If the current download prodess is in the tone-

generator-program-accompanying mode as determined at step

'S842, the processing proceeds to step S843 in order to execute

a tone generator program (TONE PGM) designating process. This
designating procesé identifies the name and version number of
an optimum tone generator program by referring to user profile
information (USER PROFILE) in accordance with corresponding
tone generator (program) infotmation (TG INFO) contained in

music-piece-related data (MUSIC MISC DATA) of the received
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music piece data, so that the optimum tone generator program
is designated as a candidate for downloading.

As the optimum tone generator program, ‘a selection is
made of one of those programs which is compatible with the
CPU, personal computer and operating system and which also
meets conditions of:

(1) not requiring more than the user memory capacity or

'requiring a smallest memory size among the programs;

(2) being capable of generating tones that satisfy tonal
quality_desired by the user;

(3) being of latest version if there exist a plurality
of tone generator programs satisfying the above-mentioned
conditions, |

etc.

After having identified the name and version of the
optimum tone generator program in this manner, the processing
proceeds to step S844, where a list of software being loaded
into the terminal device (specifically; the software list in
the directory information of the user profile information
shown in Fig. 5C) or directory of media incorporated in the
terminal device is examined in order to determiné whether or
not the selected or designated optimum tone generator program
is not stored in the terminal device. If the tone generator
program is not stored in the terminal device, then the
processing proceeds to step S845 to tranémit a download
command designating the selected -optimum tone génerator
program. Then, the processing terminates the current

execution of the network processing after setting flag TERM
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2 to "1" at next step S846. If, on the other hand, the
software list or media list shows that the selected optimum
tone generator program is stored in the terminél device, the
processing goes'to step S847 to so inform the user. Then,
the processiné terminates the current exedution.of the network
processing after resetting flags TERM1 and TERM11 to "0" and
setting flag TERM3 to "1" at next step S848. |
Once the determination becomes negative at step S840 by
flag TERM21 being set to "1", the processing branches to step
S849 in order to execute a downloaded data reception process.
After this, the processing proceeds to step S850, where a
determination is made as to whether reception of the
downloaded data has been éompleted. If answered in the
affirmative at step 8850, the processing Qoes to step 5851 to
inform_the usef that the.reception has been completed. At

next step S852, the software list (SOFT LIST) in the directory

"information is updated at step S852 to register the downloaded

tone generator program (TONE PGM). Then, the processing
terminates the current execution of the network processing
after resetting flag TERM1l to "O" and setting flag TERM3 to
"1" at next step S853.

The downloading of the tone generator program is
effected in the above;described manner. However, such
downloading of the fone generator program may be omitted in
the éase where the user system has installed therein the
optimum tone generator program or similar or up-versioned
program which is generally équivalent or superior to the

optimum tone generator program, or a hardware tone generator
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which is functionally equivalent or superior to that program.
Determination as to whether the'loading corresponding to the
system state should be effected or not, or a selection of a
program or data to be loaded may be made only after
perfdrming such én environmental check in detail. Further,
in the case where program data of different versions which
have a same name are stored in the host computer, the latest
or newest version may be automatically selected. Also, data

designating a tone generator program to be used may be

inserted in performance data of loaded music piece data or a

data b1ock of a performande part, so as to select the tone
generator program for loading by checking the designating
dafa. Furthermore, a so-called "auto. pilot" function may be
incorporated to allow the processing to be automatically
carried out in a predetermined sequence.

When flags TERM2 and TERM3 are both at "1", a negative
determination results at step S810, so that the processing
moves on to step S860, where a determination is made as to
whether flag TERM22 is currently at "0". If answered in the
affirmativé at step 8860, it is fu;ther determined at étep
S861 whether or not the current process is in the waveform-
data-accompanying mode. If so, the processing proceeds to
step S862 in order to execute a waveform (WAVE DATA)
desighating process. This designating process identifies the
name of optimum waveform data by referring to the user profile
information (USER PROFILE) in accordance with the tone color
list contained in music-piece-related data (MUSIC MISC DATA)

of the received music piece data. The optimum waveform data
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is selected in accordance with generally the same conditions
as mentioned earlier in connection with the optimum tone
generator program.

After having identified the name of the optimum waveform
data in this manner, the processing proceeds to step S863,
where a determination is made as to whether the optimum
waveform data is not registered in the directory of the
waveform list or recording medium of the terminal device. If
the waveform data is not stored in the terminal device, an
affirmative detérmination results at step'S863( and then the
processing proceeds to step S864 to transmit a download
command designating the optimum waveform data. Then, the
processing terminates the current execution of the network
processing of step S80 after setting flag TERM 22 to "1" at
next step S865.

‘If, on the other hand, the waveform list or medium
direcfory shows that the optimum waveform data is stored in
the terminal device as determined at step S863, the processing
goes to step 8866 to so inform. the user. Then, the
processing terminates the current execution of the network
proceSsing after resetting flags TERM2, TERM3, TERM11l and
TERM21 to "O" at next step S867.

If the current process is not in the waveform-data-
accompanying mode as determined at step S861, the processing
jumps to step S867 to reset flags TERM2, TERM3, TERM1ll and
TERM22 to "O" and terminates the current execution of the
network proceséing.

Once the determination becomes negative atIStep S860 by
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flag TERM22 being set to "1", the processing branches to step
S868 in order to execute a downloaded data reception process.
After this, the processing proceeds to step S869, where a
determination is made as to whether reception ‘of the
downloaded data has been completed. If answered in the
affirmative at step S869, the processing goes to step S870 to
inform the user that the.reception has been completed. At

next step S871, the waveform list (WAVE LIST) in the directory

is updated at step S871 to register the received waveform

data. Then, the processing terminates the current execution_
of the network processing of step SBOIafter resetting flags
TERM2, TERM3, TERM1l and TERM21 to "O" at next step S872. If
reception of the downloaded data has not been completed as
determined at step S869, the processing terminates the current
execution of the network processing without performing the
operations of steps S$870, S871 and S872.
<Application Processing>

Fig. 15 is a flowchart of the application processing
executed at step S70 in each of the terminal devices, in
which music-piece-data performance processing is fifst
executed at step S71, then tone generating processing is
executed at step S$76, and then other processing is executed
at step S79. In the other processing of step S79, other
processes than the music-piece-data performance and tone
generating processing are carried outldepending on the type
and specifications of the terminal device; if the terminal
device is a game machine, other processes including those for

the game itself may be carried out.
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<Music-Piece-Data Performance Processing>

Fig. 16 is a flowchart of the music-piece-data

performance processing, where an operation detecting process

is first executed at step S711 to determine what sort of
operation has been conducted by the user. Then, .a
determination is made at step S712 as to whether any
performance is. currently under way. If no performance is
currently under way at determined at step S712, the processing
proceeds to step S713 to execute a performance
form/environment setting process, which sets various
performance ¢onditions such as a tempo, tone volume and mode
of a. performance. Following this, a music-piece-data
selecting process is executed at step S73 to select and load
music piece data. A performance start operation process is
executed at next step S715, and then this music-piece-data
performance processing is terminated.

If answered in the affirmative at determined at step
S712, a performance event generating process is executed at
step S716, where the music piece data loaded in the music-
piece-data selecting process at step S73 is sequentially read
out to generate a performance event, such as a MIDI event, at
predeterminea timing on the basis of the read-out data. On
the basis of the generated performance event, the tone
generator 113 of Fig. 3 will be controlled by the later-
described tone generating processing of step S76 to generate

a tone. Following the performance event generating process

~of step S716, a performance control operation process is

executed at step S717 to carry out operations corresponding
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to an user input such as STOP or PAUSE. After this, this
music-piece-data performance processing is terminated.

Details of the music-piece-data selecting process of
step S73 will be described with reference to Fig. 17. First,
at step S731, a music piece list is displayed and the .process
waits until the user selects a music piece from the displayed
list. A determination is made at step S732 whether any music
piece has been selected by the user. If no music piece has
been selected, this music-piece-data selecting process is
terminated without executing other operations. If any one
music piece has been selected as determined at step S732, data
of the selected or designated music piece (MUSIC DATA) is read
in. Then, at step S734, the process checks correspondence
between version number data (VER NO ID or SONG VER'NO ID) and
tone generétor information (TG INFO) contained in the read-in
music piece data, and versions etc. of tone generator programs
(TONE PGM) presented on the software list (SOFT LIST). Then,
at step 8735, it is determined whether the read-in music piece
data has poor correspondence to the currently running tone
generator program. |

If an affirmative determination results at step S735
because no good correspondence is found in the version number
or the 1like, the process proceeds to step S736, where the
corresponding tone generator program on the software list
(SOFT_LIST) is loaded and activated. At this point, depending
on the current memory load or contents of the user profile,
a selection is made as to whether the program should be

loaded in addition to or in place of the currently running
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tone generator program. After step S736, the process moves
on to step S737. If a negative determination results at step
S735 because good correspondence is found, the process goes
directly to step S737 without performing the operation of step
S736.

_ At step 8737, it_ is ascertained whether good
correspondence exists between the content of tone color
designating data in the performance event data or tone color
list (TONE COLOR LIST), and the already-loaded waveform data
(WAVE DATA). Then, a determination is made at step S738 as
to whether there is any unloaded waveform data. If answered
in the negative at step S738, the process goes to step S741
for a music-piece-selection terminating process, and thus,
this music—piecé-data selecting process is brought to an end.
If.answered in the affirmative at step S738, the procéss goes
to next step S739 in order to determine whether the unlgaded
waveform data is on the waveform list (WAVE LIST). If sb,
the process proceeds to step S740 to read in the unloaded
waveform data.and then executes the music-piece-selection
terminating process of step S741.

If the unloaded waveform data is not on the waveform
list (wAVE LIST) as determined at step S739, substitutional
waveform data is loaded at step S742. For example, where
five. different piano tone colors PIANO1 to PIANOS are
selectable and if the music piece in question uses PIANO3 with
only PIANOl installed in the terminal device, PIANOl will be
loaded to be used in place of PIANO3. Then, after the

loading of the substitutional waveform data is informed to the
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user at step S743, the process goes to the music-piece-
selection terminating process of step S741 to terminate the
process and display the read-in waveform data.
<Tone Generating Processing>

The tone generating processing of step S76 is intended
for generating a tone by controlling the tone generator on the
basis of a performance event, such as a MIDI event, generated
at predetermined +timing through - the above-described
performance event generating process of step S716. The tone
generating processing will be described here in relation to
an example where waveform data is arithmetically generated by
software using only the D/A converter of the coder/detector
(CODEC) as the tone generator 113. If a sound board or
external tone Qenerator is connected as the tone generator
113, the tone generating processing will be executed by
conventional driver software.

In the case where waveform data is érithmeticaliy

generated by software, various storage areas are provided in

. the RAM 103 as registers for 16 kinds of tone color data PD1

to PD16 and n kinds of waveform data WDl to WDn, channel
registers for 32 channels CH1 to CH32, and a plurality °f.
output buffers.

Each of the tone color data PD1l - PD16 is comprised of
data designating a waveform of a given pitch range (pitch
range waveform designating data); data for controlling a low
frequency_osciliator (LFO) to be used for imparting wvibrato
effect or the llike (LFO controlling data OD); data for

controlling generation of a filter envelope to time-vary a
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tone color filter charactéristic (FEG controlling data OD);
data for controlling generation of a tone volume envelope to
control a tone volume variation characteristic = (AEG
controlling data OD); touch controlling data for varying a
rising speed of tone or the like in accordance with a
detected key-touch velocity (touch controlling data OD); and
other data including waveform—éample-forming-resolution
controlling data (other data OD). "OD" attached at the end
of each of fhe above-mentioned data stands for "original data"
before being subjected to control such as modulation. In the
embodiment, tone forming data to be used in the tone generator
are formed by processing these original data in accordance
with touch data, pitch data, etc. generated in response to a
tone generating instruction.

Furfher, any one of the waveform data WDl - WDn is
designated.by_the pitch range waveform designating data of one
of the tone color data PDl - PD16 in accordance with input
tone pitch data.

Each of the channel register areas stores a plurality of
tone-generation controlling data, which 'ir_xclude a note number,
waveform designating data, LFO controlling data, £filter
envelope controlling data (FEG controlling data), amplitude
envelope controlling déta (AEG controlling data), note-~on data
and other data, as well as a working area to be used by the
CPU 101 during execution of a program. The waveform
designating data, LFO controlling data, FEG controlling data
and AEG controlling data in the channel register area are tone

forming data obtained by processing the respective original
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data mentioned above and each of these data will hereinafter
be ieferred to with a 1ettér "D" attached at its end.

The output buffer areas are used in turn as tone
waveform forming output buffers X. Each time tone waveform
sample data for the individual tone generating channels SDl,
SD2, SD3, ... are fbrme’d by arithmetic operations as will be
later described, these data are accumulated channel by channel
and the resultant haccumulated data are stored into the output
buffers. Two or more of these output buffers are designated
as the tone wavefdrm forming output buffers X and used in the
waveform calculating operations. In the simplest form, two
output buffers X may be used to provide a double-buffer
structure such that while the data stored in one o-'f the
buffers X is being reproduced by a waveform reproduction
section, new waveform sample data obtained through the
waveform forming operations is stored into the other buffer
X.

The output buffers may have any optional ‘size such as
100 words, 500 words, 1K words or 5K words. 1In is known in
the art that the larger output buffer size would result in a
greater time delay in generating a tone, while the smaller
output buffer size would resultl in a reduced time margin and
poor response at the time of a temp.orary increase in amounts
of calculation to be made. But, in cases like the. present
invention where a sequencer-based performance or automatic
performance is executed without requiring real-time processing '
capability, the output buffer size may be made large because

the tone generating delay can be effectively adjusted by
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bringing forward the performance timing.
On the other hand, where the tone generating program is

used in a keyboard performance or the like requiring real-time

performance capability, it is suitable that the output buffer

size be in a range of 100 to 200 words in order to prevent a
tone generating delay. Such an output buffer size is suitable
for a reproduction sampling freQuency of 40 to 50 kHz, but
with a lower sampling frequency, the output buffer size needs
to be much smaller.

In the tone generating processing of step S76 executed

using the above-mentioned various data, the CPU 101 of the

terminal device operates to arithmetically generates or forms

a plurality of (e.g., 100) tone waveform samples, for each of
the tone generating channels, collectively at predetermined
time point. Namely, for each of the tone generating channels,
tone wavéform samples are Qenerated together which correspond
to 100 sampling cycles of the D/A converter.

Thus, at every predetermined calculating point, the tone
generating process1ng is performed for all the channels.
Where the number of the generated tone waveform samples is set
to "100",lthese éamples are sequentially accumulated as a

channel-specific accumulated value for 100 sampling cycles of

the D/A converter and stored into the above-mentioned output

buffer X. Once the sample accumulation is'completed for all
the tone generating channels, the tone waveform samples stored
in the output buffer are read out, one sample at each
sampling cycle, by the waveform reproduction section and

supplied thfough the D/A converter to the sound system for
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audible reproduction or sounding. The predetermined
calculating point in this embodiment is controlled to occur
at intervals such that when the tone generating proceésing is
performed by using the output buffers in turn, all the tone
waveform samples can be read out and reproducéd completely
without being dropped or broken halfway.

With such an arrangement, preparatory operations need to
be performed, for each of the cﬁannels, only once for the

plural tone waveform samples to be generated collectively; and

hence it is possible to reduce the proportion of an arithmetic

operating or calculating time to be spent on the preparatory
operations to the entire calculating time, so that overheads
are reduced substantially. This can subsféntially enhance the
quality of the generated tone waveform samples and increase
the number of simultaneously generatable tones.

In additioh, each time input data (in this case, MIDI
evenf data) is received, waveform arithmetic operations or
calculations are performed for samples up to the time point.
At the predetermined calculating point, tone waveform sample
calculations are performed only on uncalculated ones of a
predetermined plurality of tone waveform samples (i.e.,
samples .corresponding to the size of each of the output
buffers X).

In the tdne generating processing, where the' waveform
sample calculations are' performed' for each of the toné
generating channels currently sounding tones, more arithmetic
operations are required in each of the channels where theré

is present a key-on or key-off event involving a particular
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form of tone generation varying in response to input data
(pitch bend or tone volume change), than'in other channels
where tone .generation is continued with no variation
responsive to the.inpﬁt data. In such a case, with the
calculating points set to occur at fixed intervals, much of
the operating period will be occupied by the channels
involving a change in the form of tone generation, which
eventually reduces the number of tone genérating channels for
which the necessary arithmetic operations cén be completed
within the limited time. In particular, for each of the
channels where tone generation is to start, many initializing
operations such as initialization of an address counter and

envelope generator and generation of an "F" number are

" necessary, thus taking a long operating tiﬁe. Therefore, by

performing the tone waveform calculation collectively each
time MIDI event data is input, the reduction in the number of
tone generating channels can be effectively avoided.

Namely, when note-on event data is input, the note
number NN and velocity VEL of the note-on event are stored
into respective registers, and the occurrence time of the
event is also stored into a corresponding register as time TM.
Then,ftone generating channel assignment is performed on the
registered note number NN, and the channel number of the tone

generating channel (CH) thus assigned is stored in a register

"as "CHi". Next, tone controlling data corresponding to the.

note number NN and velocity VEL is set in the channel
register for the channel CHi. The thus-set tone controlling

data is tone forming data D obtained by processing, in
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accordance with the values of the note-on number NN and
velocity VEL, the data of the prestored tone color data which
corresponds to the MIDI channel having received the note-on
eveht. The waveform designating data D in the tone forming
data specifies one of the waveform data WDl to WDn, as a
waveform to be used in tone generation corresponding to the
note number NN. |

After the tone controlling data have been set, a note-on
flag for the channel CHi is set and then a tone waveform is
arithmetically formed. This arithmetic formation is effected
on a portion, of an entiré waveform to be written into the
currently available output buffer X, which has not yet been
calcﬁlated and corresponds to a period before the event
occurrence time TM, and the thus-calculated partial waveform
is written into the output buffer X. The partial waveform is
a waveform portion whose data have been fixed and henée.become
calculatable at the time 6f detection of the newly received
data. Also, the partial waveform to be arithmetically formed
is a waveform portion up to the occurrence time TM of the
received note-on event.

When note-off event data is input, the note number NN,
velocity VEL and occurrence time TM of the note-off event are
stored ihto respective registers. Then, one of the tone
generating channels (CH) sounding the note number NN is
identified, and the number of the identified channel CHi is
stored into the corresponding register. Eollowing this, the
note-on flag for the identified channel CHi is reset, and the

tone waveform calculation is executed. In this tone waveform_
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calculation, the uncalculated waveform portion (partial
waveform) corresponding to a period prior to the time TM is

calculated and written into the output buffer X in a similar

manner to the above-mentioned. Also, a predetermined release

prbcess is executed for the channel CHi.

Fig. 20 is a timing chart explanatory of the above-
described tone generating processiﬂg, where the output buffers
provided as 'the double-buffer structure are denoted by A and
B, respectively, in the figure in part (e). Times required
for reproduction from the buffers A and B are shown by TA and
TB, respectively, and time TA is equivalent to TB (TA = TB)
in this embodiment.

First, once two MIDI events are received by a MIDI
reception sectioﬁ at point Ta in a calculating time range from-
point TO to point T1 that is allocated for the first output
buffer A as shown in part (a) of Fig. 20, a tone generator
(T. G.) driver section performs processing as shown in part
(b),.and a.tone generator (T. G.) section calculates tone
waveform samples Al corresponding to the input received during
a period from point tO0 to point ta as shown in part (c).

The tone generator driver section receives data from the
input buffer or from the personal computer keyboard, assigns
fhe received data to one of the tone generator channels and
executes a conversion from voicing parameters to tone
generator parameters in accordance with the input data.
Further, the tone generator section receives the tone
generator parameters and processes waveform data to form tone

waveform samples that are to be actually sounded. An LPF
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section removes aliasing noise components from the formed tone
waveform sample, and output data from the LPF section is
written into the first and second'output buffers A and B.

The above-mentioned tone generator driver, tone generator and

" LPF sections are functions performed by the CPU 101 exécuting

the application program.

Then, once one MIDI event is received at point Tb, the
tone generator.driver section performs processing similarly
to +the above-mentioned, and the tone generator section
calculates tone waveform samples A2 corresponding to the input

received during a period from point ta to point tb. Then,

upon arrival at point tl1l, the +tone generator section

calculates tone waveform samples A3 corresponding to the input
received during a period from point tb to point tl. In this
case, when key-on events are received at points ta and tb,
tone generating initialization . and arithmetic operations are
performed at this point tl. After that, the LPF performs a
filtering operation, and thus necessary tone waveform sample
formation is completed for the first output buffer A.

Then, three new MIDI events are received at'point tc in
a calculating period from point t1 to point t2 that is
allocated for the second output buffer B as shown in part (a)
of Fig. 20. Because the tone generator section is currently
calculating tone waveform samples A3, the input event data are
temporarily held in the input buffer until a calculating time
is allocated to the data. Upon compietion of the calculations

of tone waveform samples A3 by the.tone generator section and

- the filtering operation by the LPF section, the event data are
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read out from the input buffer to be processed by the tone
generator driver section, and thus the tone generator section
calculates tone waveform samples Bl corresponding to the input
received during a périod from point_tl to point tc. Even if
some time delay occurs in the calculating operations, it does
not influence the tone ' generation +timing because the
occurrence times of the input event data have also been
written in the input buffer.

After that, four new MIDI events are received during the
calculations of the tone waveform samples Bl, and these event
data are processed to calculate corresponding tone waveform
samples after the calculations of the tone waveform samples
Bl, similarly to the above-mentioned.

In the same manner, tone waveform samples B2 are formed
as samples corresponding to the input received during during
a périod from point tc to point td, tone waveform samples B3
are formed as samples corresponding to the input received
during-a period frqm pdint td to point te, and tone waveform
samples B4 are formed as samples corresponding to the input
received during a period from point te to point t2. Then,
tone waveform samples A5 are formed as samples corresponding
to the input received during a period from point t2 to point
t3. |

As seen from the foregoing, every time input data
occurs, the processiﬁg calculates waveform samples for a
period preceding'the input data occurrence, and thus the
waveférm sample éalculations canl be performed in a

substanfially dispersed fashion. Thus, the amount of
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operations performed in | each calculating period at
predetermined intervals is limited appropriately, so. that even
when there occur many input data, such as key-on evént data,
involving a variation in the form of tone generation, it is
possible to avoid inconveniences such as reduction in the
number of simultaneously generatable tones.

In order to generate tones successively in the case
Where the calculating points are generated at predeterﬁined
intervais and a predetermined number of tone waveform samples
are formed collectively in each calculating period through
arithmetic operations, the predetermined number of tone

waveform samples must be supplied before formation of the

'preceding tone waveform samples is completed. But, if the

number of tone generating channels is relatively great and
hence the amount of waveform calculating operations is
excessive, there will arise a problem that tone waveform
samples of all the chanhels can not be supplied in time,
causing an undesirable interrubtion or break of generated
tones.

To avoid such inconveniences, the processing of the
present invention is designed to ascértain whether the
predetermined number of tone waveform samples can be supplied
in time for the data conversion timing of the D/A converter.
If it is determined that the tone waveform samples cén be
supplied in time for the data conversion timing, one or more
of the tone generating channels are selected whose assigned
tone has a relatively low importance among all the tones being

generated at the present time. Then, for the designated
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channel, the processing calculates, in a short time, damping
waveform samples which correspond to the initial period of the
waveform.

Because only the short-period damping waveform samples
are calculafed for the designated tone generating channel, the
necessary calculating time for this channel can be reduced so
that the predetermined number of tone waveform samples as a
whole is supplied in time for the data conversion timing of
the D/A converter.

Generally, tones that are determined as "important" in
the processing are:

(1) tone currently having a great volume;

(2) tone whose attack portion has just started to be
sounded;

(3) lowest-pitch tone (bass tone) when tones of two
or more parts are'being sounded;

(4) highest-pitch tone (lead tone) when ‘tones of two
or more parts are being sounded; and

(5) tone of a solo part when tones of two or more
parts are being sounded.

The tone generating channels may be placed in descending
order of importanée of tones to be generated therein before
the waveform sample calculations, in such a manner that the
sample calculations ére.effected sequentially from the most
important tone to the least important tone. If the waveform
sample calculétions for all the channelslcan not be completed-

in time,'the calculations aré broken off so that tones are

- generated only with tone waveform samples having so far been
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formed. Thus, in case there is é need to interrupt the
sample calculations, only a tone or tones will be deadened or
muffled which have a relatively low importance and hence have
a relatively small influence. |

In order to generate tones successively in the case
where the calculating points are generated at predetermined
intervals and a predetermined number of tone waveform samples
are formed collectively through arithmetic operations, the
pr;edetermined number of tone waveform sémples must be supplied
before formation of the preceding tone waveform =samples is
completed. But, if the number of tone generating channels is
relatively great and hence the amount of waveform calculating
operations is excessive, or if the predetermined number of
tone waveform samples can not be supplied in time e.g. because
tbo much time is spent on other processing than the tone
generating processing (such és sequencer processing), one or
more tone waveform samples will be read out even in_ the
course of being processed, thus resulting in unwanted ﬁoise.

This problem can be solved by the CPU 101 instructing
the waveform reproduction section to send the data stored in
either of the _output registers. In this case, addresses in
thé output buffer X itself for storing the predetermined
number of the formed tone waveform samples can be set in the
reproduction section as one of r'eadouf sections or as a
repetitive readout section from which data are to be read out
repeatedly. In addition, a readout section reservation may
be made in such a manner that data at .the addressés can be

read out immediately following a particular readout section
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from which data are being currently read out.

In such an arrangement, the readout section reservation
allows the formed tone waveform samples to be registered in
the output buffer for the reservation purpose and to be read
out immediately following a specific waveform being currently
read out. In the event that the calculations for the
predetermined number of tone waveform samples have not been
completed in time, such a reserving registration is not
effected, and therefore it is possible to prevent occurrence
of noise which would otherwise be caused by sounding of any
of the tonelwaveform samples that is still in the course of
being processed. This will temporarily interrupt sounding of
a tone, but adverse effects resulting from the interruption
will be significantly reduced by limiting the interruption
time to only several sampling periods in the case where the
sampling frequency is for example 44.1 kHz. The limitation
of the interruption time may be effected by limiting the
number of channels generating tones, as mentioned earlier.
Once the calculations have been completed, the reserving
registration is carried out, so that the corresponding
wavefqrm samples are sounded. |

As mentioned earlier, in order to generate tones
successiéely iﬁ the case where the calculating points are
generated at predetermined intervals and a predetermined
number of tone waveform samples are formed collectively

through arithmetic operations, or where the waveform sample

" calculations are executed in response to occurrence of each

input data, the predetermined number of tone waveform samples
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must be supplied before formation of the preceding tone
waveform sample is completed.

As the calculating point for a specific tone waveform
sample, such a point is designated, on the basis of a time
point when formation of preceding tone waveform samples is
ended (end time point of the preceding tone waveform sample),
which is earlier than a prescribed end time point by the time
necessary for completing formation of a waveform. Because the
end time point is identified by the CPU 101 checking the
current state (flag) of the reproduction section to thereby
detect when the sample reproducing time section has moved onto
a next one, the actual end time point will be delayed until
the CPU 101 detects the change in the state (flag) of the
reproduction section. Further, because this time delay
depends on the timing when the CPU 101 effects the above-
mentioned detection, the individual formed samples will
present non-uniform delays depending on the respective
detection timing.

If the calculating points are generated on the basis of
such non-uniformly delayed end time point, éorrect calculating
points can not be obtained. In particular, if the calculating
points are generated on the basis of greatly delayed timing,
a total time length between the calculation start and the
supply of waveform data is substantially shortened, so that
the number of simultaneously generatable tones is temporarily
reduced. | .

To provide a solution to the problem, the CPU 101

prestores in memory a plurality of time points when a change
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in the state of the reproduction section was detected in the
past, and by averagihg the stored time points, the CPU 101

predicts a time point when such a change will be detected

next. Since the predicted time point corresponds to an

average of time delays from the prescribed end time point in
the reproduction section, a point that is a predetermined time
before the predicted time point can be detected as a
practically correct end time point. Thus, the calculating
point is generatedlon the basis of the correct.end tiﬁe
point. In this way, the detected end time points are
averaged to reduce non-uniformity thereof, and  .thus the
operating period allocated for each calculating point is
effectively uniformized in such a manner that tone forming
operations are performed in a stabilized manner.

The waveform sample calculations may be performed

- collectively for each time section, rather than in response

to occurrence of each input data. 1In such a case, a trigger
signal may preferably be generated to bring forward the
calculating point in accordance with the number of input data.
In another modification, .each time section between the
predetermihed calculating points may be divided into "n" equal
parts so that the waveform fcrming calculation process is
performed at intervals corresponding to the "n" parts, and a
reserving regist'ration may be made for sounding of tone.
waveform samples for one time section that have been
completely formed in the last or "n"th calculation.

The essential operatioﬁ of the tone generating

processing will be described in detail hereinbelow with
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reference to flowcharts of Figs. 18 and 19.

Firsf, the reproducing stéte of the reproduction section
is checked at step S761. If the reproduction section has
advanced to a next to-be-reproduced section, the processing
goes to next step S762, but if not, the processing jumps to
step S763.

The waveform reproduction section reads out waveform
samples one by one, at a predetermined sampling frequency,
frbm a specific one of the areas of the RAM 103 designated by
the CPU 101, and supplies the read-out samples to the D/A
converter for audible reproduction. B Whilé reading the
wavefbrm samples from the designated area, the waveform
reproduction section accepts a reservation from the CPU 101
designating another area to be reproduced. Once reproduction
of the preceding area has been completed, waveform samples of
the next area thué reserved are similarly read out one by one
by the reproduction section and supplied to the D/A converter
for audible reproduction. The advancement of the reproduction
section to the next to-be-reproduced section means herein that
after completion of .the reproduction of a specific area

designated 1last as the to-be-reproduced section, the

‘reproduction section has moved to another specific area

reserved as a next to-be-reproduced section. In this case,
a plurality of the specific areas of the RAM can be reserved
at one time and are reproduced in the order in which they
were reserved.

Then, at step S762, time when Such an advancement will

be detected next (next advancement detection time) is
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predicted on the basis of the time of the current and
previous advancement detections, and a time point that is a
predetermined time before the predicted detection time is
de.signated as a next calculatihg point. The next advancement
detection time may be predicted such as by calculating an
approximate value with a small error through the "least
squares method"” on the basis of a piurality of the advancement
detection times including the current and last ones, or by
using a quadratic function or the 1like tb approximate a
variation in the detection times. Non-uniform time delays
occur in the waveform reproduction section, during a period
betweeﬂ 'Ehé occurrence and detection of the advancement, due
to differences in the respective operating step positions and
states, so that the advancement detection times would contain
irregular non-uniformity. Therefore, the calculations of the
approximating function involve an ope_ra‘l;ion to average the
non-uniform detection times.

The above-mentioned "predetermined time" before the
predicted detection time is a time allocated for forming a
tone waveform and depends on the amount of nécessary
arithmetic operations for the waveform formation as determined
by a degsired number of tones to be generated, desired quality
of the arithmetic operations, etc. The_ length of the
"predetérmined time" may be fixed, or may be variably set via
a user's selection on the keyboard or automatically set by the
CPU 101 in consideration of two or more simultaneously running
programs.

Then, at step S763, a comparison is made between the
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next calculating point and the current time indicated by a
timer, in order to determine whether the current time has
arrived at the next calculating point. 1If the determination
is in the affirmative, the processing performs operatiohs of
steps S764 to S769. First, at step S764, specific calculating
order is.decided in which the currently sounding channels:
should undergo the waveform sample calculations later to form
waveform data for a plurality of samples for each of the
currently sounding channels.

That is, the calculating order is set in such a manner
that the waveform sample calculations .are performed
sequentially from a musically significant.tone or tone which
would present a significant musical inconvenience if deadened
or muffled at that moment. Then, .at step S765, it is
ascertained whether the waveform sample calculations for all
the currently sounding channels can be cqmpleted within a
predetermined calculating time (i.e., the predetermined time
described in relation to step S762). If answered in the
negative, one or more tone generating channels where the
waveform sample calculations are to be performed last or later
than any other channels are designated as channels where tone
ié to be deadened (tone deadening channels), so that the
amount of arithmetic operations is reduced in such a manner
that the waveform sample calcuiations for all the currently
sounding channels can be completed within the predetermined
calculating time.

At step S78, the waveform sample calculations are

actually performed. Specifically, uncalculated waveform
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samples are calculated and written into the currently
available output buffer X éo that the buffer X is filled with
the calculated waveform data and thus gets ready for tone
generation. This operation corresponds to the formation of
waveform A3 or the like as described earlier in relation to
Fig. 20.

Each sample written in the filled-up output buffer X is
then subjected to a low-pass filtering (LPF) operation at step
S767 so as to remove high frequency components therefrom.
Following this, the output buffer X storing the low-pass
filtered waveform is reserved at step S768 as a specific
storage area fof a waveform to be reproduced next, éo that
this storage area 1is reproduced after completion of
reproduction of waveforms in the currently reproduced and
already reserved storage areas. Then, at step S769, another
output buffer thathhe one so far used as the buffer X is
cleared and newly set as the output buffer X for preparing a
waveform for the next to-be-reproduced section.

If the current time has not yet arrived at the
calculating point as determined at' step S§763, the tone
generating processing ends without the other operations being
performed.

Fig. 19 is a flowchart of the waveform forming
calculation process (step S78) performed in the note-on, nofe—
off and tone generator processes.  For this process, a
waveform calculating time range is preset as previously
mentioned. Namely, where the present program flow is executed

during the MIDI data reception process such as the note-on
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process, the waveform calculating time range corresponds to
the above-mentioned partial ﬁaveform, but where the present
program flow is executed at step S76 of the tone generating
processing, the waveform calculating time range corresponds
to the waveform samples for an uncalculated section in the
buffer X. Because the calculations are performed in the
calculating order determined by the preceding execution of the
tone generating processing, no new calculating order across
the channels is'determined at the time of MIDI data reception.
Whenever a new note-on event occurs and is assigned to a
specific one of the channels, the specific channel is placed
first (given a first turn) in the calculating order and the
turn of each of the other channels is moved down by one.
First, at step S781, calculating preparations are made

for a first waveform sample of the channel placed first in

the calculating order. The calculating preparations include

setting various data such as a last read address, values and
states (attack,.release,.etc.) of various envelopes EG and
value of LFO in accessible conditions and loading these data
into internal'registers of the CPU 101 for immediate use in
calculations. Then, at step S782, waveform sample
calculations are performed on the LFO, filter G and tone
volume EG, so as to form samples of LFO, FEG (filter
envelope) and AEG (amplitude envelope) waveforms. The LFO
waveform is added to the "F" number, FEG waveform and AEG
waveform necessary for calculations of the designated time

range, in order to modulate the respective data. For each of

the tone generating channels designated as tone deadening
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channels at step S765, a damping AEG waveform is calculated
as a tone volume EG rapidly decaying within the time range.

Subsequently, at step 8783, F number is repetitively
added to the last read address used aé an initial wvalue, so
as to generate.réad addresses for individual samples within
the fime range. Aléo, waveform data are read out from the
waveform storage area in the tone color data area on the
basis of the integer portion of the read addresses, and an
interpolation is made between the read-out waveform saﬁples
on the basis of the decimal poftion of the read addresses so
as to form all interpolated samples within the time range.
For example, if the timer range dorresponds to a time for 100
sambles, 100 samples are formea collectively by the operation
of this step. Because, in the operation for the plural
samples within- the time range, the. F number addition
corresponding to the read address and interpolation are
pérformed as an integral series of oberations, the read
address needs to be read into the CPU register only once, éo
that the proceséing speed can be substantially increased as
a whole.

Further?-at step S784,-the interpqlafed samples within
the time range are subjected to a tone color filtering
operation, where tone color control of the samples is
performed on-the basis of the above-mentioned FEG waveform.
At next step S785, an amplitude controlling operation is
performed on the filtered samples éo as to control the
amplitudes of the samples on the basis of the above-mentioﬁed

AEG (amplitude envelope) and tone volume data, and then an
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accumulétive wrifing operation is performed to add the
resultant amplitUde—cbntrdlled samples to the corresponding
samples stored in the output buffer X for the designated
channels. Because,'in.this process, the amplitude dontrol and
addition to the corresponding samples in the output buffer X
are performed successively, it is possible to minimize the
number of necessary sample loadings into the CPU register and
hence significantly increase the processing speed.

The sample forming operations of steps S783 to S785 are
performed basically to form all the samples within the
predetermined time range, but those samples having
sufficiently lowered AEG waveform level and hence sufficiently
lowered tone volume as a result of the volume EG waveform
caiculations of step S782 are excluded from the further
calculations, and accordingly the amount of necessary
operations can be reduced. Particularly, sufficient decay may
often be attained halfway in the predetermined time range, in
the case of the tone generating channels having generated a
damping ‘AEG waveform in fesponse to the designation of step

S765.

Then, at step S786, a determination is made as to

_ whether or not the waveform will be supplied to the waveform

reproduction section within the time limit if the waveform
forming calculation process is to be continued and whether the
waveform sample calculationé shbuld be discontinued. The
timely supply of the waveform within the time limit means
herein that the reprodﬁction section currently reproducing

previously formed waveform samples from the specific storage
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area can'prepare succeeding waveform samples in a new érea of
the buffer X and reserve the new area of the buffer X for
subsequent reproduction before the reproduction of the
pre&iously formed waveform samples from the specific storage
area is completed. If it is determined at step S786 that the
waveform will-hot be supplied in time and the calculations
shoﬁld hof'be continued further, then the waveform sample
calculations are discontinued at step S788 and the waveform
calculating process ends.

If it is determined at step S786 tﬁat'the calculations
may be continued, a further determination is made at step S787
as to whether the waveform sample calculations have been
completed forlall of the designated channels. In answered in

the negative; a first waveform sample in the tone generating

channel placed next in the calculating order (given the next

calculating turn) is designated at step S789 and preparations
are made - for calculating waveform samples in that next
channel. Upon completion of such preparations, the processing
reverts to step S782 so as to repeat the operations of steps
S782 to S785 for that channel. In this way, the operations
of steps S782 to'S787 are repetitively performed for all the
designated tone generating channels, and every time the
operations are performed for one of the channels, the
resultant formed samples for the predetermined time range are
accumulatively added at step S785 to the corresponding samples
stored in the buffer X.

When it is determined at step S787 that the waveform

sample calculations have been completed  for all of the
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designated channels, this waveform calculating process ends.
Thus, a predetermined number of accumulated values of the
formed waveform samples corresponding to the time range have
now been newly stored for all of the designated channels.

When the waveform sample calculations are discontinued
on the basis of the affirmative determination at step S786,
the predetermined number of accumuléted values of the formed
waveform samples corresponding to the time range have now been
newly stored for each of the désignated channels.

For each of the channels having the calculating turn
later than fhe discontinuation of the calculations, no
waveform sample formation is effected, and as the result, the
tone having been generated +through the channel will be

deadened. However, because those channels generating less

- important tones are given later turns in the calculating order

at step S764, adverse effects occurring ~from the
discontinuation can be minimized. Channel register CH is set
at step S788 in such a ﬁanner that the channels thus excluded
from the calculations remain in the tone-deadened condition
even in and after next execution of the waveform forming
calculation process.

In the above-mentioned manner, tone waveform samples can
be arithmetically formed through the operations of the CPU
101. |

While the present invention has been described above
downloading an optimum tone generator program or optimum
waveform data by use of user profile information pbssessed by

the terminal devices} such user profile information may be
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prestored in the host computer 10 or may be transferred from
one of the terminal devices to the host computer 10 at the
LOGIN time so that when there is a download request from the
terminal device, the host computer 10 can refer to the user
préfile information to select and transmit optimum data or
program.

In a modification, the host may send a list of available
waveform data for each music piece so that the terminal device
requests a.transfer of only a selected part of the.waveform
data that is not possessed by the device.

As has been described thus far, the present invention
permits downloading of optimum data or program and facilifates
a selection of data to be loaded, depending on system and
program-poésessing conditions in the user system. Thus, it
is possible to6 prevent irrelevant or .data from being
downloaded and aiso prevent an increase in network traffic.

- In addifion, it is possible to avoid loading unnecessary
data or program from a recording medium such as a CD-ROM.
For example, where a PCM tone generator is employed, sténdard
waveform data may be stored in each of the terminal devices, -
and for a music' piece using special waveform data, that
special waveform data may be loaded along with the music piece
data. This.arrangement prevents musical expfeésion from
becoming worse due to a mismatch between the tone generator

and MIDI data.
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1. A musical information processing system comprising:

processing means;

storage means connected with said processing means and
having stored therein at.least first data; and

data supply means connected with said processing means
and storage means and having stored therein various data,

wherein to execute predetermined processing based on
said first data, said processing means sends said data supply
means a requeSt for transfer of second data necéssary for the
predetermined processing if said second data is not stored in
said storage means, and said data supply means transfers said
second data to said storage means in response to the request

for transfer.

2, A musical information processing system comprising:
processing means;
storage means connected with said processing means and
having stored therein at least music data; and
ldata supply means connected with said processing means
and storage means and having stored therein various data,
wherein said music data contains designation data for
designating music-related data of the various data that is

necessary for executing predetermined processing based on said

" music data, and when said processing means executes the

processing based on said music data, said data supply means

transfers to said storage means said music-related data
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3. A musical information processing system comprising:

designated by said designation data.

a processor device for lexecuting predetermined
processing on the basis of first aﬁd sedond data; |

a memory device connedted with said processor device and
having stored therein at least said first data; and

a data supply device connected with said processor
device via a network and having stored therein at least said
second dafa,

Wherein séid processor device performs a first operation
for determining whether or not said second data necessary for
the predetermined processing is stored in said memory device,
a second operation for, if said first operation determines

that said second data necessary for the predetermined

processing is not stored in said memory device, making a

request to said data supply device to transfer the necessary
second data via the network and a third operétion for loading
the hecessary second data transferred from said data supply
device into said memory device; so as to execute the
predetermined processing on the basis of said first and second
data stored in said memory device, and
in response to the request froﬁ said processor device,

said data supply device supplies the necessary déta to said

processor device via the network.

4. A musical information processing system comprising:

a processor device for executing predetermined
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a memory device connected with said processor device aﬁd
for storing therein said first and second data; and

a data supply device connected with said processor
device via a network and including a database having stored
therein plural sorts of said first and second data,
| wherein said processor device performs a first operation
for designating desired first data from among plural sorts of
said first data and making a request to said data supply
device to transfer the designated first data, a second
operation for determining whgther or not said second data to
be used in correspondence with the designated first data is
already stored in séid memory device, a third operation for,
if said second operation determines that said second data is
ﬁot stored in said memory device, making a request to said
data supply device to transfer said second data and a fourth
operation for loading said designated fifst data and second
data transferred from said data supply device into séid memory
device, so as to execute the predetermined processing on the
basis of said'first and second data stored in said memory
device, and

in response to the request from said processor device,
said data supply device supplies said designated first data

and said secdnd data to said processor dévice via the network.

5. A musical information processing system comprising:
a processor device for executing predetermined

processing on the basis of first and second data;
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a memory device connected with said processor device and
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for storing therein said first and second data; and

a data supply device connected with said processor
device via a network and including a database having stored
thérein plural sorts of said first and second data,
| wherein said processor device performs a first operation
for designating desirgd fifst data from among the plural sorts
of said first data and making a request to said data supply
dévice to transfer the designatéd first data, a second
operation for permitting a mode selection between a first mode
for haking a request for transfer of only the designated first
data and a second mode for making a request for transfer 6f
the designatéd first data and said second data to be used in
correspondence - with <the designated first data, a third
operation for, if said second mode is selected, determining
whether or not said second data to be used in correspondence
with the designated first data is already stored in -said
memory device, a fourth operation for, if said third operation
determines that said second data is not stored in said memory
device, making a request to said data supply device to
transfer said second data and a fifth operation for loading
said designated first data and second data transferred from
said data supply device into said memory device, so as to
execute the predetermined processing on the bésis of said
first and second data stored in said memory device, and

in response to the request from said processor device,

said data supply device supplies said designated first data

"and second data to said processor device via the network.




10

15

20

25

‘LN O A W

This Sheet Has Been Replaced = * THIS SHEET HAS BEEN

N T

6. A musical information processing system comprising:

a processor device for executing predetermined
processing on the basis of first and second data;

a memory dévice connected with said processor device and
having stored therein at least said first data; and

a data supply device connected with said processor
device and memory device and including a memory Having stored
therein at least said second data,

wherein said processor device performs a first operation
for determining whether or not said second data necessary for
the predetermined processing is stored in said memory device,
a second operation for, if said first operation determines
that said second data necessary for the predetermined
processing is not stored in said memory device, making a
request to said data supply device to transfer the necessary
second data and a third opefation for loading the necessary
second data transferfed from said data supply device into said
memory device, so as to execute the predetermined processing
on the basis of said first and second daté stored in said
memory device, and |

in response to the_request from said procéssor device,
said data supply device reads out the necessary second data
from said memory and supplies the read-out neceSSary second

data to said processor device.

7. A musical information processing system comprising:
a processox device for executing predetermined

processing on the basis of first and second data;
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a memory device connected with said processor device and
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for storing therein said first and second data; and

a data supply device conneéted with said processor
device and memory device and including a memory having stored
therein plural sorts of said first and second data;

wherein said processor device performs a first operation

for selecting one of a plurality of the predetermined

' processing to be executed, a second operation for reading out

from said memory of said data supply device said first data
necessary for the selected predeterﬁined processing and
loading the read-dut first data into said memory device, a
third operation for determining whether or not said second
data necessary for the selected predetermined proqessing is
already stored in said memory device, a fourth operation for,
if séid fhird opération determines that said second data
necessary for the selected predetermined processing is not .
stbred in said memory device, making a request to said data
supply device to transfer the necessary second data and a
fifth operation for 1loading the  necessary second data
transferred from said data supply device into said memory
device, so as to execute the éelected predetermined processing
on the basis of said first and second data stored in said
memory device, and

in response to the request from said prdcessor device,
said data supply device reads out the necessary second data
from said memory and supplies the read-out necessary second

data to said processor device.
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claim 7 wherein said fourth operation determines whether or
not said necessary second data is stored in said memory of
said data supply device, énd wherein if said necessary second
data is stored in said memory, said fourth operation requésts
said data supply device to transfer said necessary second
data, but if said necessary second data is not stored in said
memory, said fourth operation requests said data supply device
to transfer any of the plural sorts of said second data as a

substitute for said necessary second data.

9. A musical information processing system as claimed in
claim 7 wherein said first data contains designation
information for designating said necessary second data, and
hherein said third operation refers +to. fhe designation
information contained in said first data read out from said
memory in said second operation, so as to determine whether
or not said second data necessary for the selected

predetermined processing is already stored in said memory

device.

10. A musical information processing_system comprising:
a processor device for executing music reproduction
processing on the basis of first data containing music data

for automatic performance and second data related to said

first data:;

a memory device connected with said processor device and

having stored therein at least said first data; and

o € L K § x
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a data supply device connected with said processor

device via a network and including a database having stored

therein various data including at least plural sorts of said
second data;

wherein said first data contains designation information
for designating said second data necessary for reproduction
of the music data,

said brocessor device performs a first operation for, in
order to execute a reproductive performance of a selectéd
music piece, making a request to said data supply device, via
the network, to transfer said second data designated by said
designation information contained in said first data for the
music piece and a second operation for loading said second
data transferred fromlsaid data supply device into said memory
dévige, s0 as to execute the music reproduction pfocessing of
the selected music'piece on the basis of said first and
second data stored in said memory device, and

ih response to the requeét from said processor device;
said data supply device supplies said éecond data to said

processor device via the network.

11. A musical information processing system comprising:

a processor device for executing music reproduction
processing on the basis of first data containing music data
for automatic performance and second data related to said

first data;

a memory device connected with said processor device and

having stored therein at least said first data; and

A
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a data supply device connected with said processor

device and memory device and including a memory having stored
therein various data including at least plural sorts of said
second data; |

wherein said first data contains designation information
for designating said second data necessary for reproduction
of the music data,

said processor device performs a first operation for, in
order to execute a reproductive performance of a selected
music piece, making a féquest to said data supply device to
transfer said second data designated by said designation
information contained in said first data for the music piece
and a second operation for 1loading said second data
transferred from said data supply device into said memory
device, so as to éxecute the music reproduction processing of

the selected music piece on the basis of said first and

., second data stored in said memory device, and

in response to the request from said processor device,
said data supply device supplies said second data to said

processor device.

12. A method of transferring musical data from a database
to a memory device in a system which includes the memory
device, a processor device for executing predetermined
processing on the basis of data stored in the memory device
and the database having stored therein various data including

musical data, the predetermined processing being executed on .

~the basis of first data specific to the predetermined

o € L M S #
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predetermined processing but also other processing, said
method comprising the'steps of: |

making a réquest to said database to transfer desired
said first data;

determining whether or not said second data necessary
for the execution of the predetermined processing based on
said desired first data is stored in said memory device;

making a request to said database to transfer said
necessary second data if said step of determining determines
that said necessary second data is not stored in said memory
device; and

in response to the request, loading said first and
second data transferred from said data base into said memory

device.

13. A method of transferring musical data from a database
to a memory device in a system which includes the memory
device, a processor device for executing predetermined
processing on the basis of data stored in the memory device
and fhe database having stored therein various data inéluding
musicél data, the predetermined pfocessing being executed on
the basis of first data specific to the predetermined
processing and second data usable for execution of not only
the predetermined processing but also'other processing, the
memory device'having stored therein at least said first data,
said method comprising the stéps of:

determining whether or not said second data necessary
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for the execution of tn; predetermined processing is stored
in said memory device, when tne processing is to be executed;
making a request to said database to transfer said
necessary seéond data if said step of determining determines
that said necessafy second data is not stored in said memory
device; and
in response to the request, loading said senond data

transferred from said data base into said memory device.

14. A machine readable recording medium containing a group
of instfuntions to cause said machine to implement a method
of transferring musical data from. a database to a memory
device in a system which includes the memory device, a
processor device for‘executing'predétermined.processing on the
basis of data stored in the memory device and the database
having stored therein various data including musical data, the
predetermined processing being'executed on the bésis of first‘
data specific to the predetermined processing and second data
usab;e for execution of not only the predetermined processing
but also other processing, said method comprising the steps
of:

making a request to said database to transfer desired
said first data;

determining whether or not said second data necessary.
for the execution of the predetermined processing based on
said desired first data is stored in said memory device;

mnking a request to said database to transfer said

necessary second data if said step of determining determines

* 4 L M S *
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that said necessary second data is not stored in said memory
device; and

in response to the request, loading said first and'
second data transferred from said data base into said memory

device.

15. A machine readable recording medium containing a group
of instructions to cause éaid machine to implement a method
of transferring musical data from a database to a memory
device in a system which includes the memory device, a
processor device for exeduting'predetermined processing on the
basis of data stored in the memory device and the database
having stored therein various data including musical data, the
predetermined processing being executed on the basis of first
data specific to the predetermined processing and second data
usable for execution of rniot only the prédetermined processing
but also other proceséing, the memory device having stored
therein at least said first data, said method comprising the
Steps of:

determining whether or not said second data necessary
for the execution of the predetermined processing is stored
in said memory device, when the processing is to be executed;

making a request to said database to transfer said

necessary second data if said step of determining determines

- that said necessary second data is not stored in said memory

device; and

in response to the request, loading said second data

transferred from said data base into said memory device.



