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waveform data forming program, using a general-purpose
arithmetic processor such as a CPU or computer.

In many electronic musical instruments today,
microprocessors are used to execute tone generating
processing. In some cases, the microprocessors even execute
such processing to impart effects to tone waveform sample data
formed through the tone generating processing. It has long
been common practice, in the art, to implement such
microprocessors by dedicated hardware (for example, tone
generator LSI or DSP) having a circuit structure depending on
a particular tone generating method employed (for example,
waveform memory or FM synthesis method).

However, thanks to the recent improvement of CPU's
computing capability, electronic musical instruments have
appeared where the CPU incorporated in a general-~-purpose
computer or dedicated tone generating device is designed to
execute a program describing predetermined steps of tone
generating processing. Here, the tone generating device or
method based on such a tone generating processing program will
be called a "software tone generator", while the traditional
tone generating device or method using the dedicated hardware

will be called a "hardware tone generator".
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be called a "software tone generator”, while the traditional tone

generating device or nethod using the dedicated hardware 25 w il be
called a "hardware tone generator". -2- The conventional software tone
generators are arranged as application-level software. Fig. 22 illustrates

an exanpl e configuration of software used for inplenenting such an
application-level software tone generatorR -To minimze the 5 pr ogranmm ng
conplexity, this software is hierarchically organized as a conposite of
a plurality of mnimumunits (nodul es) that are progranmabl e i ndependentl|y
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5 programming complexity, +this software is hierarchically
organized as a composite of a plurality of minimum units
(modules) that are programmable independently of each other.
Specifically, programs on a highest level of the hierarchy are
modules for creating MIDI messages which are in the form of

10 application software such as sequencer software, game software
and karaoke software.

In the illustrated example of Fig. 22, two forms of
application software are provided, one of which is karaoke
software installed in a karaoke player and the other of which

15 is MIDI reproduction software installed in a MIDI player. The
MIDI player prestores therein files of a multiplicity of
karaoke music pieces in MIDI format, and it reads out one of
the files for a selected one of the music pieces so as to
output performance information of the selected music piece in

20 MIDI message format. A software tone generator module is
provided on a level following the karaoke software and
includes, on its input side, a predetermined application
programming interface ("API") for software tone generator.
In the example of Fig. 22, the application programming

25 interface (API) for software tone generator is shown as "SGM
MIDI out API".

The software tone generator module comprises a program

for forming tone waveform data on the basis of a MIDI message



M DI player prestores therein files of a multiplicity of karaoke nusic
pieces in MDI format, and it reads out one of the files for a selected one
of the nusic pieces so as to output performance information of the selected
music piece in 20 M DI nmessage format. A software tone generator nodule
I's provided on a level follow ng the karaoke software and includes, on its
i nput side, a predetermned application-@egrammng interface ("API") for
software tone generator. In the exanple of Fig. 22, the appllpatlﬁn
programmng 25 ..inpterface (APl) for software tone generator_is shown as
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I ncludes a M D out put ver section and a tone generator gl ne
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one 5 output driver section is a module for driving +the tone
generator section, which is responsive to the MIDI message to
convert voice data into control parameters to control the tone
generator section. The control parameters are sent to the
tone generator section via predetermined inter-module
10 interfaces (not shown). As the MIDI output driver section is
initialized, a group of necessary waveform data are loaded
from a given file and stored in a waveform data storage
section. Using the group of waveform data and in accordance
with the control parameters, the tone generator section
15 generates tone waveform sample data (i.e., tone waveform data
at successive sample points) of given musical characteristics

such as pitch and tone color.
In a predetermined operating system (0S), such as
Windows3.1l or Windows95 (trademark of Microsoft Corporation)
20 employed in the computer, there is provided an interface for
receiving and delivering formed waveform sample data (this
interface may be "WAVE out API" in the case of Windows3.1).
The output device 1is a driver module installed in the
operating system (0S), which receives, via a'predetermined
25 interface such as the "WAVE out API", waveform sample data
formed by the software tone generator module provided as
application software and then outputs the formed sample data

to external hardware. For example, the output device



generator section, which is responsive to the MD nessage to convert voice
data into control parameters to control the tone generator section. The
control paraneters are sent to the tone generator section via predetermn ned
i nter-nmodul e 10 i nterfaces (not shown). As the M DI output driver
section is initialized, a group of necessary waveform data are | oaded from
a given file and stored in a waveform datg-storage section. Using the group
of waveformdata and in accordance with the control parameters, the tone
generator section 15 enerates tone waveform sanple.data (i.e., tone
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the software tone generator nodul e provided as application Software an
t hen out put sohtertarmeoacanpl e data
The MIDI player shown in Fig. 22 is of a type which has
MIDI reproduction and software tone generator modules
previously installed therein. The MIDI reproduction module

10 reads out a standard MIDI file (SMF) so as to reproduce MIDI
messages. Each of the reproduced MIDI messages is processed
by the software tone generator module so as to form tone
waveform sample data corresponding to the MIDI message in a
similar manner to the above-mentioned. The tone waveform

15 sample data thus formed by the software tone generator module
in the MIDI player is sent via a predetermined interface such
as the "WAVE out API" to the output device for further
processing and then output to the external hardware such as
the digital/analog converter (DAC).

20 In the computer operating system, there is also provided
an interface for receiving and delivering performance
information (typically, MIDI message) on the basis of which
waveform sample data is to be formed (this interface may be
"MIDI API" in the case where Windows3.1 is employed). With

25 such an interface, software that outputs a MIDI message can
be used as application software, as shown by way of example
in Fig. 24. 1In the example of Fig. 24, game software, game

software, multimedia software, etc. are provided, so that



to external hardware. For exanple, the output device -4-

conpri ses software which, via a direct nenory access (DMA) controller

reads out waveform sanple data formed through processing by the software
tone nodul e and stored in a storage device such as a hard disk and then
outputs the read-out 5 sanple data to the external hardware such as a
digital/anal og converter (DAC). The M D+ Hlayer shown in Fig. 22 is of a
type which has M DI reproduction and software tone generator nodul es
previously installed therein. The M D regroduction nmodul e 10 reads out a
standard M PRTEPHE FaRf)eiircl soundsyr BRGEETRIRE Heie foundscNIDE ¢aka
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5 operating system (0S) via a predetermined interface such as

the "MIDI API" and then passed to a MIDI driver. The MIDI

driver supplies an external hardware tone generator with tone

forming data based on the passed MIDI message, and the

external hardware tone generator, in turn, forms tone waveform

10 sample data on the basis of the tone forming data using a
predetermined tone generating hardware device.

However, the conventionally-known application-level
software tone generators as mentioned above are unable to
receive data from the interface (such as the MIDI API) for

15 receiving and delivering performance information to execute
waveform sample data forming processing on the basis of the
received data, although they can output formed waveform sample
data to a predetermined interface (such as the WAVE out API)
of the operating system.

20 Thus, in the past, it was impossible to simply combine
the performance information (MIDI message) generating
software, such as game software, sequencer software or
multimedia software, with the application-level software tone
generator via the computer operating system. Therefore, in

25 order to allow such performance information (MIDI message)
generating software to be applied to the computer operating
system and simply used therewith, an expensive hardware tone

generator was absolutely needed.



processing and then output to the external hardware such as the _

di gital/anal og converter (DAC). 20 In the conputer operating
system there is also provided an interface for receiving and delivering
performance information (typically, MD nessage) on the basis of which
waveform sanple data is to be forned (this interface may be "M D API" in
the case where Wndows3.1 is enployed).-\Wth 25 such an interface,
software that outputs a MD nessage can be used as application software,
as shown by way of exanple in Fig. 24. In the exanple of Fig. 24, gane
software, gane séft waPEeSnuFPPKEedi dheof tRBPe, JERETrabiRg prRvPCERYSing that
-5- variousegane effect1§%y ds, . background nusic sounds, M DI data or
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tone 5 runs one or more other software programs concurrently or in

parallel with the tone generating processing under the control

of the same operating system. For example, when running game

software, it may be necessary for the computer to execute

other processing, such as for generating animated pictures,

10 in parallel with sound generating processing, or when running

karaoke software, it may be necessary for the computer to

execute processing for generating a visual display of words

of a song or background images. If a software tone generator

is used, the computer executes the software tone generator

15 program and other necessary software program in a parallel

fashion under the control of the same 0S. In such a case, in

order to assure that the tone waveform sample data forming

processing be executed by the software tone generator without

being influenced by the other processing, it is desirable to

20 execute the tone generating processing on an.operating system

having a full multitask function (such as Windows95).

However, in fact, operating systems not having a full

multitask function (such as Windows3.1l) have also been widely

used today, and there exists an increasing need to execute the

25 tone generating processing on such operating systems not

having a full multitask function. With the operating systems

not having a full multitask function, generation of tones may

be hindered by the execution of the tone generating processing



form ng data based on the passed M DI nessage, and the external hardware
tone generator, in turn, forns tone waveform 10 sanpl e data on the basis
of the tone form ng data using a predeterm ned tone generating hardware
devi ce. However, the conventionally-known application-|evel software tone
generators as nentioned above are unable to receive data fromthe interface
(such as the M DI APlI) for 15 recei visagg and del i veri ng performnce .

i nformati on to execute waveform sanple data form ng processing on the basis
of the recejved data, although they can output formed waveform sanple data
to a predet BFW&&F%W%f%%&GBﬁ fa‘s'h?ﬁ@m&swg,ﬁrqr) eaﬁcuﬁef@p@fﬁ‘;mg
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present the above-discussed problems associated with the
parallel processing, it is desirable to previously consider
appropriate means or counterplans to obviate the problems that
could arise from the parallel processing by the computer.
10 It is therefore an object of the present invention to
provide a tone generator system using computer software which
is capable of receiving performance information, such as a
MIDI message, via an operating system to drive an application-
level software tone generator and thereby increasing a range
15 of applications of the software tone generator.

It is another object of the present invention to provide
a tone generator system using computer software which permits
appropriate execution of tone generating processing and other
processing without any hindrance thereto even when the two

20 processing is executed on an operating system that does not
have a full multimedia function.

In order to achieve the above-mentioned object, a first
aspect of the present invention provides a tone generator
system for forming sound waveform data by use of a computer

25 having installed therein a predetermined operating system and
a program for implementing a software tone generator. 1In the
tone generator system, the operating system includes a first.

interface for receiving performance information on the basis



-6- In cases where the tone generating processing is executed on the basis
of performance information such as a MDI nessage, it is quite rare for the
conputer to execute the tone generating processing alone; nostly, the
conputer 5 runs one or nore other software prograns concurrently or in
parallel wth the tone generating processing under the control of the sane
operating system For exanple, when runhigng game software, it nay be
necessary for the conputer to execute other processing, such as for

enerating ani nate ictures, 10 in parallel wth sound generating
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data form ng processing be executed by the software tone~generator w fhout
bei ng i8fl ueaecrdabywhvererher aatacessi ng, wavéBofRSi s6@petitfng program
installed as a driver in the operating system. The software
tone generator is application-level software which executes
sound waveform data forming processing to form waveform data
on the basis of the performance information and outputs the
10 formed waveform data via the second interface. The tone
generator system comprises a fake driver which is installed
as a driver in the operating system and programmed to receive
the performance information delivered via the first interface
and send the received performance information to the software
15 tone generator.

According to the first aspect of the invention,
performance information (e.g., MIDI message) supplied from
other application software via the first interface can be
received by the fake driver and then delivered to the software

20 tone generator. Thus, the software tone generator, which is
itself application software, is allowed to receive the
performance information supplied from the other application
software and then execute the waveform forming processing on
the basis of the received performance information.

25 Consequently, the software tone generator can be readily
combined with other application software on the 0S level and
can receive performance information (e.g., MIDI message)

supplied via the first interface from the other application



20 execute the tone generating processing on an operating system having a
full multitask function (such as Wndows95). However, in fact, operating
systens not having a full rmultitask function (such as Wndows3.1) have al so
been wi dely used today, and there exists an increasing need to execute the
25 tone generating processing on such operating systens not having a ful
mul titask function. Wth the operating swystens not having a full multitask
function, generation of tones may be hindered by the execution of the tone
generating processing -7- being del ayed due to the other processing, or
executi on ofofhuapente Eﬂ%ﬁﬁﬁ%ﬂﬁﬂfﬂﬂﬂ@q@g yevefegmpgataecovrespendingi t
processi ng taki t oo nmuch tine. particular, if a software tone
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5 eliminate the need for a hardware tone generator in a case

where desired application software, such as game software,

sequencer software or multimedia software, generating

performance information (e.g., MIDI message) is to be applied

to the operating system of the computer for simple use

10 therewith. As a result, the present invention achieves

reduced cost while assuring an increased range of simple
applications of the software tone generator.

In a preferred embodiment, the tone generator system may

further comprise a first section for supplying performance

15 information to the first interface (this section may be the

above-mentioned other application software that generates

performance information such as a MIDI message) and a second

section for sending performance information to the software

tone generator (this section may be optional software, such

20 as Kkaraoke software incorporated in the software tone

generator for exclusive use thereby without an intervention

of the operating system, as commonly known in the art). The

software tone generator may execute both sound waveform data

forming processing on the basis of the performance information

25 supplied from the first section via the first interface and

sound waveform data forming processing on the basis of the

performance information supplied directly from the second

section. With such an arrangement, it is possible to share



10 It is therefore an object of the present invention to provide a
tone generator systemusing conputer software which is capable of receiving
performance information, such as a MD nessage, via an operating systemto
drive an application- |evel software tone generator and thereby increasing
a range 15 of applications of the software tone generator. It is another
obj ect of the present invention to provige -2 tone generator system using
comput er software which pernmits appropriate execution of tone generating
processi ng gﬁd ot her processing without any hindrance thereto even when the

two 20  pr 5B8sSPhiYRke RIS LT SHsdveem §heyseERvarat inreEperRtedve a

full nultinediq:functk In_order to acgieve t he above-nenti oned object, a
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includes a first interface ?or recelving perfrormance 1niornmation on The
basis 5 the first means).

A second aspect of the preseﬁt invention provides a tone
generator system for forming tone sound waveform data by use
of a computer having installed therein a predetermined
operating system and a program for implementing a software

10 tone generator. In the tone generator system, the operating
system includes a first interface for receiving performance
information on the basis of which waveform data is to be
formed and delivering the received performance information to
a program installed as a driver in the operating system, and

15 a second interface for receiving formed waveform data and
delivering the received formed waveform data to a waveform
outputting program installed as a dfiver in the operating
system. The software tone generator is application-level
software which executes sound waveform data forming processing

20 to form waveform data on the basis of the performance
information and outputs the formed waveform data via the
second interface. The program implementing a software tone
generator is installed, as a driver, in the operating system
and designed in such a manner that the software tone generator

25 receives the performance information delivered via the first
interface and executes waveform forming processing on the
basis of the performance information received via the first

interface.



-8- of which waveformdata is to be fornmed and delivering the received
performance information to a programinstalled as a driver in the operating
system and a second interface for receiving formed waveform data and
delivering the received 5 formed waveform data to a waveform
outputting programinstalled as a driver in the operating system The
software tone generator is application-levet software which executes sound
waveform data form ng processing to formwaveformdata on the basis of the
performance informati gn and outputs the 10 formed waveformdata via the
second interf ace?\cco’fﬁéngo?i@ Eﬁge?%ﬁ%?d Srnesh @6nﬁh?s@§e§eﬁl§k@;‘dﬁ‘—¢@wnvw ch
Is installegd,as a driver in the operating system and programmed to receive
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recei ved pe e jaf i h 15 __tone_generator.
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itself application software, is allowed to receive the
MIDI message) supplied from other application software via the
first interface can be received by the software tone generator
via the operating system. With this arrangement as well, the
software tone generator, which is itself application software,
10 is allowed to receive the performance information supplied
from the other application software and execute the sound
waveform data forming processing on the basis of the received
performance information, and generally the same benefits as
mentioned in relation to the first aspect can be attained.
15 According to a third aspect of the present invention,
the computer of the tone generator system includes a main
control section for executing the program implementing the
software tone generator and another program in a parallel
fashion, and the main control section includes a section for
20 generating an activating instruction at one or more of a
plurality of predetermined points within a predetermined time
period when the program implementing the software tone
generator may be actually executed. The tone generator system
further comprises an adjusting section for adjusting the sound
25 waveform data forming processing in such a manner that a
predetermined number of samples of sound waveform data can be
formed in total by just the sound waveform data forming

processing being executed in response to the activating



performance information supplied fromthe other application software and
then execute the waveform form ng processing on the basis of the

recei ved performance i nformation. 25 Consequently, the software tone
generator can be readily conbined with other application software on the OS
| evel and can receive performance information (e.g., MD nessage) supplied
via the first interface fromthe other-appl4cation -9- software to

t hereby form sound wavef orm data corresponding to the performance
information, Wth such an arrangenent, it is possible to increase a range
of applicat fBASTUPLEAR sBPEWAL LYt oBENGEREREL ORtWHPRA QT tB@FE a@Hl i thei on
sof tware, and te the need for a hardware tone generator in
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i nventi on achi eves reduced cost ITe assdring an I'ncreased range of sinple
5 predetermined period, and the activating instruction is
generated at one or more of the predetermined points when the
program implementing the software tone generator may be
actually executed. With such an arrangement, the main control
section is allowed to generate the activating instruction at
10 one or more of the predetermined points when the program
implementing the software tone generator may be actually
executed in proper trade-off with current execution states of
another program, so that the program implementing the software
tone generator and the other program can be executed in a
15 parallel fashion under proper time divisional control.
The adjusting section in the software tone generator
adjusts the sound waveform data forming processing in such a
manner that the predetermined number of samples of sound
waveform data can be formed in total by just the sound
20 waveform data forming processing being executed in response
to the activating instruction actually generated at one or
more of the predetermined points. Thus, even when the
activating instruction fails to be generated at some of the
predetermined points within the period, appropriate control
25 can be made such that the predetermined number of samples of
sound waveform data are formed in total by just the sound

waveform data forming processing being actually executed in

response to the activating instruction actually generated at



applications of the software tone generator. In a preferred enmbodi nent,
tone generator systemmay further conprise a first section for supplying
per f or mance 15 information to the first interface (this section may be
t he above-nenti oned ot her application software that generates performance
I nformati on such as a M D nessage) and a second section for sending

performance information to the software {gne generator

opti onal
sof twar e

gener at or
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software tone gener at or e SO

secti on.
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t he

(this section may be

sof tware, such 20 as karaoke software incorporated in the
tone generator for exclusive use thereby without an intervention
of the oper@femyF et ibechredetgrrboss pointe. aNepelYhetbefquameitvne
may execute both sound waveform data form ng processing on the

basi s of th8Fp&rcharreefern, Aatrotosbe fegpededy r Bhet Ko ftwase skere on
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generated within the predetermined period is varied depending

on the situations of the main control section, appropriate
control can be reliably made such that formation of the
predetermined number of samples of sound waveform data can be
completed in total.

Therefore, the present invention achieves the benefit
that the sound waveform data forming processing and processing
based on other software can be executed without any trouble
even in the case where these processing is executed in a
parallel fashion by the same software tone generator under the
control of an operating system not having a full multitask
function. Thus, even when the number of activating
instructions generated to activate the sound waveform data
forming processing is undesirably reduced due to an influence
of the processing based on the other software, appropriate
control can be reliably made such that the predetermined
number of samples of sound waveform data are formed completely
in total, and thereby unwanted inconveniences, such as time
delays in tone generation, are effectively prevented. Because
the sound waveform data forming processing is not executed in
fixed time divisions, it is possible to avoid the problem that
the processing based on the other software is hindered and
delayed by the sound waveform data forming processing.

In a preferred embodiment, the adjusting section may be

e



in the software tone generator for exclusive use thereby (i.e., the second
nmeans) and the other software conbined via the operating systemwth the
software tone generator (i.e., 5 the first neans). A second aspect of the
present invention provides a tone generator systemfor form ng tone sound
wavef orm data by use of a conputer having installed therein a predeterm ned
operating systemand a programfor inplepgrting a software 10 t one
generator. In the tone generator system the operating systemincludes a
first interface for receiving performance information on the basis of which
wavef or m daBaTRBEIEE bENf gyyrld &hdT@ane¥er FRatt Rt r &8s e@Tpetbsr nBptRts

information to a programinstalled as a driver in the operating system and
15  a secoR8TFREEPPEEBIf or tPeceltbPng FSFH@Hlﬁavegﬁ?ﬁ¥ﬂ§? anﬁgﬁk¥?5é?$ng
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I nterface. The programinplenmenting a software tone generator is installed,

as a driver thht EheulBehakeNBetyS¥Bfmed up to the point. In this case,

the software tone generator is designed to form the determined

quantity of sound waveform data in response to the activating

instruction. Thus, by appropriately determining the above-

10 mentioned function, an appropriate number of sound waveform

data to be formed per activating instruction can be determined

in proper trade-off with the left-unformed quantity of sound

waveform data that should have been formed. As a result,

appropriate control can be reliably made to minimize the

15 possibility that the other processing is hindered by the main

control section being occupied by the processing in the

software tone generator per activating instruction.

A fourth aspect of the present invention provides a tone

generator system for forming sound waveform data by executing

20 a sound program operating under the control of a predetermined

operating system. The operating system includes a first

interface for receiving performance information on the basis

of which waveform data is to be formed and delivering the

received performance information to a program installed as a

25 driver in the operating system, a second interface for

receiving formed waveform data and delivering the received

formed waveform data to a waveform outputting program

installed as a driver in the operating system, and a third



and designed in such a manner that the software tone generator 25
receives the performance information delivered via the first interface and
executes waveform form ng processing on the basis of the performance
i nformation received via the first interface. - 11 - According to the
second aspect of the present invention, the software tone generator, which
is itself application software, is instalbed as a driver in the operating
system and programmed to receive the performance information supplied via 5
the first interface. Thus, performance information (e.g., MD nessage)
suppl i ed frEJﬁthFﬁ@PeapﬁPFcatIieGr‘Flé’dF‘Bwar"é‘e_v| £ameq | rave @?fa@:@t%svnaltﬁ@t "
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application; , 10 .al | owed tho receive, t he perfornmange
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perfornmance information, and generally the sane benefrits a
5 the sound program executes a forming step of executing tone
generating processing to form sound waveform data on the basis
of the performance information received via the first
interface, a mixing step of mixing, in a synchronized fashion,
the sound waveform data received via the third interface and
10 the sound waveform data formed by the forming step, and an
outputting step of outputting to the second interface the
sound waveform data mixed by the mixing step.
In the tone generator system according to the above-
mentioned second aspect of the present invention, the second
15 interface for receiving and delivering formed sound waveform
data is occupied by the software tone generator, so that sound
waveform data generated by other application software can not
be output to the first interface. In contrast, according to
the fourth aspect of the present invention, the operating
20 system includes, as an interface for receiving and delivering
formed sound waveform data, the third interface, in addition
to the second interface. The addition of the third interface
allows sound waveform data from other application software to
be received by the third interface when the second interface
25 is occupied by the software tone generator.
As discussed earlier as the problem posed by the

conventionally-known technique, the tone generating processing

based on performance information is undesirably hindered by



mentioned in relation to the first aspect can be attained. 15

According to a third aspect of the present invention, the conputer of the
tone generator systemincludes a main control section for executing the
program i npl ementi ng the software tone generator and another programin a
paral l el fashion, and the main control section includes a section for 20
generating an activating instruction at gge-or nore of a plurality of
predeterm ned points within a predetermined tinme period when the program
i npl ementing the software tone generator may be actually executed. The tone
gener at or spsperstinghbasednpri sébeansaftwsrenghatcneedsi 5@ hej aserngedhe
sound 25 wavef orm data form ng processing in such a manner that a
predet er i né® REFBeredi WidHpItde diong) FRPHFRLMT RIRESETN be TOMFedtf

total by j t th d f dat.a f i i. beij i
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for activating e

5 information received from other application software via the
first interface would be delayed behind the time when sound
waveform data generated from other application software at the
same timing as the generation of the performance information
is output to the third interface. Therefore, if these sound

10 waveform data are supplied to the operating system with the
timing unadjusted, then there would occur appreciable
differences  in reproduction +timing, causing significant
inconveniences in music performance.

The fourth aspect of the present provides a solution to

i5 this problem. Namely, the sound program, which is application
software installed as a driver in the operating system, forms
sound waveform data on the basis of the performance
information received via the first interface, mixes the formed
sound waveform data with the sound waveform data received via

20 the third interface in a synchronized fashion, and outputs the
resultant mixed sound waveform data to the second interface.
By thus mixing the sound waveform data formed on the basis of
the performance information with the sound waveform data
received via the third interface in a synchronized fashion and

25 then outputting the mixed sound waveform data to the second
interface, the time delay in the sound waveform data formation
can be appropriately adjusted for proper matching of the

reproduction timing.



sound waveform data form ng processing are set wwthin a 5 pr edet er m ned
period, and the activating instruction is generated at one or nore of
t he predeterm ned points when the programinplenenting the software tone
generator may be actually executed. Wth such an arrangenent, the main
control section is allowed to generate the activating instruction at 10
one or nore of the predeterm ned points wWhen the programinplenmenting the
software tone generator may be actually executed in proper trade-off with
current execution states of angther program so that the program

i mpl enenti ng t hel8ofd \N&FGfFSHGdgéMW%dOFhé*&ﬁ hﬁ?“’ﬁ?‘ég@&rﬂ% b’éhe
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to be generated at sone of the predeterm ned points within the period,

appropri at ethenthord 2bnteffiicd evive etise JounivavieE e dattar bhaed shnbgs of
sanples of performance information is very difficult due to the fact that
the timing to form sound waveform data on the basis of the
performance information varies depending on other software
10 being executed in parallel with the sound waveform data
formation. Thus, in the preferred embodiment, the sound
waveform data received via the third interface is supplied as
an initial wvalue prior to the sound waveform data formation
so that the sound waveform data can be mixed together in a
15 synchronized fashion without being influenced by the sound
waveform data formation based on the performance information.

As a result, stable reproduction of the sound waveform data

can be effected at appropriately matched timing.

For better understanding of the above and other features
20 of the present invention, the preferred embodiments of the
invention will be described in greater detail below with
reference to the accompanying drawings, in which:
Fig. 1 is a conceptual block diagram illustrating a
general structure of a software system in accordance with an
25 embodiment of the present invention;
Fig. 2 is a conceptual block diagram illustrating a

general structure of a software system in accordance with



sound waveform data are fornmed in total by just the sound waveform data
form ng processing being actually executed in response to the activating

i nstruction actually generated at - 13 - one or nore of the
predeterm ned points. Nanmely, the quantity of sound waveform data to be
formed by the software tone generator per activating instruction is
variably controlled, so that even if thel®&unber of activating instructions
5 generated within the predeterm ned period is varied depending on the

situations of the main control section, appropriate control can be reliably
made such tRBPERET nePPeiBent et pthacPErPAPAEIIAUABELOBF sanpl es of sound

wavef orm data can.be conpleted in total. 10 , Therefore, the present

i nvention achievgégfhegbeﬁ%fiﬂ tﬁ%ﬂéﬁ:hglggﬁﬁE wavepsFRAGAPY f%rdz _rjf
rocessi ng ess) edco0 r xecut ed wit hout

gny troubleﬁgggﬁé?% %ﬁ%gggggémﬁgré ?é@geg%ﬁ%%%géfﬁ%ﬁggggig%h L FLIRPYUEeE
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of an operating systemnot having a full nultitas
5 invention;
Fig. 4 is a diagram outlining tone generating processing
based on software employed in the present invention;
Fig. 5 is a diagram explanatory of an example of Measure
1 that can be employed in the present invention;
10 Fig. 6 is a diagram explanatory of another example of
Measure 1 that can be employed in the present invention;
Fig. 7 is a diagram explanatory of an example of Measure
3 that can be employed in the present invention;
Fig. 8 is a flowchart of a main routine executed by a
15 CPU of Fig. 3;
Fig. 9 is a flowchart of an initialization process of
Fig. 8 executed by the CPU;
Fig. 10 is a flowchart illustrating an example of a
note-on event process executed by the CPU in a MIDI process
20 of Fig. 8;
Fig. 11 is a flowchart illustrating an example of a
note-off event process executed by the CPU in the MIDI process
of Fig. 8;
Fig. 12 is a flowchart illustrating an example of tone
25 generator processing [ executed by the CPU in the MIDI
process of Fig. 8;
Fig. 13 is a flowchart illustrating an e#ample of an

external interrupt process carried out by a DMA controller of



function. Thus, even when the nunber of activating instructions
generated to activate the sound waveform data form ng processing is
undesirably reduced due to an influence of the processing based on the

ot her software, appropriate 20 control can be reliably made such that the
predet er mi ned nunber of sanples of sound waveform data are forned
conpletely in total, and thereby unwanteggisficonveni ences, such as tine

del ays in tone generation, are effectively prevented. Because the sound
wavef orm data form ng processing is not executed in 25 fixed tine

di vi si ons, Figis3possible to avoid the problemthat the processing based on
the other software is _hindered _and dela t he sound_ wavef orm dat a

forning processi Ag9-1 t4a 5 & e@%r@ﬁ}bée%,e‘ﬁi‘ép%&lj%ﬂ:‘h@e s%%’P?B?l_t?t’éy be
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waveforgmdata  pijg. 15 is a flowchart of an example of tone generator

processing I executed by the CPU on the basis of a reset

request issued from the DMA controller;

Fig. 16 is a diagram of still another example of Measure

1, showing an example of relation between generation of

10 internal interrupt signals and gquantities of tone data to be
formed;

Fig. 17 is a flowchart of an exemplary program of a fake
MIDI driver FMD shown in Fig. 1;
Fig. 18 is a flowchart of an example of a MIDI event

15 process program contained in application software dedicated
to the software tone generator of Fig. 1;

Fig. 19 is a graph of an exemplary characteristic curve
of a function in determining quantity-to-be-formed SR as a
function of delay amount OR;

20 Fig. 20 is a graph of another exemplary characteristic
curve of a function in determining quantity-to-be-formed SR
as a function of delay amount OR;

Fig. 21 is a graph of an exemplary characteristic curve
of a function in determining the number of tone generating

25 channels as a function of delay amount OR;

Fig. 22 is a block diagram illustrating a

conventionally-known software system configuration

implementing an application-level software tone generator;



t hat shoul d have been formed up to the point. In this case, the softwar
tone generator is designed to formthe determ ned quantity of sound
waveform data in response to the activating instruction. Thus, by
appropriately determ ning the above- 10 menti oned function, an
appropriate nunber of sound waveformdata to be formed per activating

I nstruction can be determ ned in proper Eéade-off with the | eft-unfornme

quantity of sound waveform data that shol
appropriate control can be reliably nade to mnimze the 15 possibility
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Fig. 25 is a conceptual block diagram illustrating a
general configuration of a software system in accordance with
still another embodiment of the present invention;

Fig. 26 is a flowchart illustrating an example of a main
routine in a sound module program executed by the CPU of Fig.
3 in the software system of Fig. 25;

Fig. 27 1is a flowchart illustrating an example of
processing executed in the software system of Fig. 25 by
application software APS1 at event timing of data being
reproduced;

Fig. 28 is a flowchart illustrating an example of a WAVE
process of Fig. 26;

Fig. 29 is a flowchart of an example of tone generator
processing I of Fig. 26 executed on the basis of a return
request issued from the DMA controller of Fig. 3; and
Fig. 30 is a flowchart of an example of tone generator

processing I of Fig. 26 executed on the basis of a reset

request issued from the DMA controller.

Fig. 1 is a conceptual block diagram illustrating a
general structure of a software system in accordance with one

aspect of the present invention.
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of a predeterm ned operating system
The operating systemincludes a first interface for receiving perfornmance
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d have been forned. As a result,
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installed as a driver in the operating system and a third - 15 -
interface for receiving the fornmed wavef orm data and delivering the

recei ved formed waveformdata to a programinstalled as a driver in the
operating system The sound programis installed as a driver in the
operating system and 5 t he sound program executes a formng step of
executing tone generating processing te 2orm sound wavef orm data on the
basis of the performance information received via the first interface, a

m xi ng step of mxing, in a synchronized fashion, the sound waveform data
recei ved vi a t heThBi rePTHfa¥e aS¥SART 197PLOTR, sGSNPha PPREAHLNS: aSYBERRI by
the formng step, and an_outputtin stegbof outputting to the second
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5 MIDI message (i.e., performance information on the basis of
which waveform data is to be formed), and a "WAVE out API" as
a second interface IF2 for receiving and delivering formed
waveform data.
For example, "Director" software is employed here as
10 application software APS1 for generating a MIDI message (i.e.,
performance information on the basis of which waveform data
is to be formed). This "Director" software includes "Director
files" and outputs performance information of background music
(BGM) in the form of a MIDI message. Of course, any other
15 application software than the "Director" software may be
employed, as long as it is designed to output MIDI messages.
A software +tone generator (T.G.) module SSM is
application-level software, which includes a dedicated
interface, such as a "SGM MIDI out APIL", for receiving a
20 MIDI message, and forms tone or sound waveform data on the
basis of the received MIDI message so as to output the
resultant formed waveform data via the second interface IF2
(i.e., "WAVE out API"). This software tone generator module
SSM may be arranged, for example, in a manner as previously
25 shown in Fig. 23 in connection with the conventionally-known
technique.
In the illustrated example of Fig. 1, a fake MIDI driver

FMD is provided as a false driver that is programmed to



be output to the first interface. In contrast, according to the fourth
aspect of the present invention, the operating 20 system i ncl udes, as an
interface for receiving and delivering forned sound waveform data, the
third interface, in addition to the second interface. The addition of the
third interface all ows sound waveform data from ot her application software
to be received by the third interface whes the second interface 25 is
occupi ed by the software tone generator. As discussed earlier as the
probl em posed by the conventionally-known techni que, the tone generating
processi ng besedven pbef dMIRhcenesdgagerntsuppliisdundecnr abhg happbieatbyn

16 - processing based on other software that needs to be executed in
paral | el wi shftWareohBSlehbravghgthr obiaest QP iThesrfacee IFlnangheassotihg
wavef or m dat a forninﬁgoperations are conpleted in the software tone
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the 5 system as a driver. Thus, the MIDI message supplied from the
application software APS1l via the first interface IF1l ("MIDI
API") is received by the fake MIDI driver FMD and then
transferred to the software tone generator module SSM.

The software tone generator module SSM receives the MIDI

10 message from the fake MIDI driver FMD via its own interface
(e.g., "SGM MIDI out API"), and forms waveform data on the
basis of the received MIDI message so as to provide the O0OS
with the resultant formed waveform data via the second
interface IF2 (i.e., "WAVE out API") as previously noted.

15 In this way, the software tone generator module SSM,
which is itself application software, is allowed to receive
the MIDI message supplied from other application software APS1
via the "MIDI API" interface of the 0S and execute sound
waveform data forming processing on the basis of the received

20 MIDI message. Therefore, the software tone generator module
SSM that i1is 4itself application software can be readily
combined with other application software APS1 on the 0S level.

The software tone generator module SSM may contain
suitable dedicated software for generating or supplying MIDI

25 messages, as with the conventional software tone generator
module. Application software (e.g., "Karaoke" software) APS2
shown in Fig. 1 is an example of such MIDI supplying

software. The software tone generator module SSM also



sanme timng as the generation of the performance information is output to
the third interface. Therefore, if these sound 10 wavef orm data are
supplied to the operating systemw th the timng unadjusted, then there
woul d occur appreciable differences in reproduction timng, causing
significant inconveniences in nusic performance. The fourth aspect of the
present provides a solution to 15 t his2problem Nanely, the sound
program which is application software installed as a driver in the

operati ng s¥sten1 forms sqund waveform data on the basis of the gerfornance
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and 25 t hen outputting the m xed sound maveforn1data to the second
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appropriately adjusted for proper matching of the reproduction tim ng.
("WAVE out API"). In this way, the software tone generator
module SSM can be shared between the software APS2
incorporated for exclusive use by the module SSM and other
software APS1 combined with the module SSM via the OS.

10 The formed waveform data received by the 0S via the
second interface IF2 ("WAVE out API") is supplied via an
output device OUD to an external device such as CODEC hardware
(i.e., digital-to-analog converter (DA or DAC)).

Fig. 2 is a conceptual block diagram illustrating a

15 general structure of a software system in accordance with
another embodiment of the present invention.

In Fig. 2, a software tone generator module SSM, which
is itself application software, is installed as a driver in
an operating system and programmed to receive a MIDI message

20 supplied wvia a first interface IF1 ("MIDI API") of the
operating system. Thus, a MIDI message can be supplied from
application software APS1l, via the first interface IF1 ("MIDI
API") and the operating system, to the software tone generator
module SSM. The software tone generator module SSM forms

25 waveform sample data on the basis of the received MIDI message
and supplies the resultant formed waveform sample data to the

0S via a second interface IF2 ("WAVE out API"). Thus, in

this case as well, the software tone generator module SSM,



- 17 - In a preferred enbodi nent of the fourth aspect, the m xing step may
accunul ati vely add the sound waveform data forned by the formng step to

t he sound waveform data received via the third interface, so as to mx the
sound waveform 5 data. Because, m xing the sound waveform data received
via the third interface with the sound waveform data based on the _
performance information is very difficul pgdue to the fact that the timng
to form sound waveformdata on the basis of the performance information
varies depending on other software 10 being executed in parallel with the
sound wavef YPAFBats $1bPahfiPpplicakin sqfitware pisr eppablenpédraenivinghe

d f i ved via.,t third interface i s supplied as_an
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under st gndi patphitt RBeakeYRedNdadbR8Eml 88U §%a the second interface IF2
("WAVE out API") on the 0S level.

Fig. 25 is a conceptual block diagram illustrating a
general structure of a software system in accordance with
another embodiment of the present invention.

10 In Fig. 25, software "Multimedia" is provided as
application software APS1 which generates a MIDI message and
waveform data in a synchfonized fashion. In addition to an
interface IF2 ("WAVE out API") as shown in Fig. 2, an
operating system (0S) includes a third interface IF3 ("WAVE

15 out API" on the left in Fig. 25) provided by a sound module
SGM which is application software installed as a driver in the
0s. Each waveform data generated from the application
software APS1 is received via the third interface IF3 provided
by the sound module SGM.

20 The sound module SGM contains a software tone source
module SSM, which, in a similar manner to the counterpart SSM
of the system shown in Fig. 2, is programmed to receive the
MIDI message from the application software APS1 via the first
interface IF1l ("MIDI API") and forms waveform sample data on

25 the basis of the received MIDI message.

Further, the sound module SGM is programmed to receive
both the waveform data supplied from the application software

APS1 via the interface IF3 and the waveform sample data formed



20 of the present invention, the preferred enbodi nents of the invention
W Il be described in greater detail belowwith reference to the
acconpanyi ng drawings, in which: Fig. 1 is a conceptual block diagram
illustrating a general structure of a software systemin accordance with an
25 enbodi nent of the present invention; Fig. 2 is a conceptual bl ock
diagramillustrating a general structurezef-a software systemin accordance
W th - 18 - anot her enbodi nent of the present invention; Fig. 3 is a

bl ock diagramillustrating a general hardware structure of a tone generator
system usi nQYC§hﬁu$@ft‘S§¥§V\h¢@elﬁpmﬂW WiSthapd affoliPaerhesf thege

present 5 invention: is a dlagran1outlln|n tone generating
processi ng BSSE4VER gBF?mﬁ?ea%dBPdVé Ut thee 1 ﬁ%%QéﬁS‘ ﬁ% ga1 aFFB thejs a

di agram expl anat ry an _exam L Measure 1 that can be np%g n.the

pr esent |nv§ﬁ998ﬁ; T%er ace Egg. g P?'alﬂlgﬂFﬁn?3§ﬁI3ﬁaV8%§ én%?ﬁ%?

exanpl e of module SGM, which is itself application software, is capable

5 of receiving the MIDI message supplied from other application
software APS1 on the 0S level, executing sound waveform data
forming processing on the basis of the received MIDI message,
and adding together the formed waveform data and the waveform
data supplied from the application software APS1l wvia the

10 interface IF3 so as to output the added result on the O0S
level via the second interface IF2.

Fig. 3 1is a block diagram illustrating a general
hardware structure which is used to implement +the tone
generator system using computer software in accordance with

15 the present invention.

The tone generator system of Fig. 3 employs a CPU
(central processing unit) 3 of a personal computer as a main
control section, and executes waveform sample data forming
processing based on a program implementing a software tone

20 generator program (i.e., software tone generator program) and
other processing based on one or more other programs in a
parallel fashion under the control of the CPU 3. The term
"tone generating processing" used in the following description
may be understood as having substantially the same meaning as

25 the term "waveform sample data forming processing"” used above,
except that the term "tone generating processing" may also
refer to an effect imparting operation and various sorts of

tone processing operations other than the waveform sample data



Measure 1 that can be enployed in the present invention; Fig. 7 is a

di agram expl anatory of an exanple of Measure 3 that can be enployed in the
present invention; Fig. 8 is a flowhart of a main routine executed by a 15
CPU of Fig. 3; Fig. 9 is a flowhart of an initialization process of Fig. 8

executed by the CPU, Fig. 10 is a flowhart illustrating an exanple of a
note-on event process executed by the €Pbi-h a M Dl process 20 of Fig. 8;
Fig. 11 is a flowhart illustrating an exanple of a note-off event process

executed by the CPUin the MDI process of Fig. 8 Fig. 12 is a flowhart
|IIustratln§0§ﬁ1§9a9§P§e§$1P6ne 25 generator processing | executed by

the CPU in the MDI ocess of Fi 13 is a, flowhart | ustrating
an exanpl e of anT&xf 8? rﬁ}%teegis' g 2 AR %5,;? (Bh/ﬁ C2BrYYDI | er
of - 19 6, a MIDI interface 1, a timer 2, a ROM (read-only memory) 4,
a RAM (random-access memory) 5, a mouse 7, a keyboard 8, a
5 display 9, a hard disk device 10 and a DMA (direct memory
access) controller 11.

The DMA controller 11 executes a predetermined
reproduction process, in which it uses the known direct memory
access method to sequentially read out, from an output buffer

10 area of the RAM 5, tone data formed by the CPU 3 executing
tone generating processing and then sends the read-out tone
data to a D/A‘(DAC: digital-to-analog) converter 12, sample
by sample, in synchronism with reproduction sampling clock
pulses from the converter 12. Fach of the tone data

15 converted via the D/A converter 12 into analog representation
is audibly reproduced or sounded via a sound system 13
comprised of amplifiers and speakers.

The hard disk device 10 has prestored thereon various
software such as an 0S (in this embodiment, Windows 3.1

20 (Microsoft's trademark)), utility software and software for
implementing a software tone generator (i.e., the software
tone generator module SSM of Fig. 1 or 2), as well as other
application software (i.e., the application software ASPl and
ASP2 of Fig. 1 or 2). The hard disk device 10 includes a

25 waveform data memory in which are prestored groups of waveform
data of a plurality of tone colors for one or more periods.
Various programs, such as the fake MIDI driver, may be stored

in the hard disk device 10 or in the RAM 5 or ROM 4. In the



Fig. 3; Fig. 14 is a flowhart of an exanple of tone generator processing
Il of Fig. 2 executed by the CPU on the basis of a return request issued
fromthe DVA controller; 5 Fig. 15 is a flowhart of an exanple of
tone generator processing Il executed by the CPU on the basis of a reset
request issued fromthe DVA controller; Fig. 16 is a diagramof still

anot her exanple of Measure 1, showi ng amexanple of relation between
generation of 10 internal interrupt signals and quantities of tone data
to be formed; Fig. 17 is a flowhart of an exenplary programof a fake M DI
driver FMD SabhpwingmepcmiptHen, ig prdaritewdiearlvofighinguiphdtwesm DI
event 15 rocess programcontained in application software dedicated to
t he sof t war h?d*f?e"%g?@% &a presitgred ip; Bhe FRvyeforny datp gemeRYeREnthary

cha et o ShhEaCHER  Hexobnli i (FadEb LT SR, ATLY Yol orand %
chont) oY SSREEPLER. Yk SHErAlop, BURGHACINAD S8 SRR co o oo
5 message and using the prestored waveform data, the latter will
also be referred to as "tone data".

The programs to be executed by the CPU 3 may be
prestored in the ROM 4 rather than on the hard disk 10, there
may be stored various other data than the waveform data. By

10 loading any of the programs from the hard disk 10 or ROM 4
into the RAM 5, the CPU 3 can execute the program. This
greatly facilitates version-up, addition, etc. of an operating
program. A CD-ROM (compact disk) 19 may be used as a
removably-attachable external recording medium for recording

15 various data and an optional operating program. Such an
operating program and data stored in the CD-ROM 19 can be
read out by means of a CD-ROM drive 14 to be then transferred
for storage on the hard disk 10. This facilitates
installation and version-up of the operating program. The

20 removably-attachable external recording medium may be other
than the CD-ROM, such as a floppy disk and magneto optical
disk (MO).

A communication interface 15 may be connected to the bus
6 so that the tone generator system 18 can be connected via

25 the interface 15 to a communication network 16 such as a LAN
(local area network), internet and telephone line network and

can also be connected to an appropriate sever computer 17 via

the communication network 16. Thus, where the operating



Fig. 21 is a graph of an exenplary characteristic curve of a function in
determ ning the nunber of tone generating 25 channel s as a function of

del ay amount OR; Fig. 22 S a bl ock diagram illustrating a
conventi onal | y- known sof twar e system configuration inplenenting an
application-level software tone generator; - 20 - Fig. 23 is a
conceptual block diagramillustrating an2gxenplary configuration of a

conventional | y-known software tone generator; Fig. 24 is a bl ock diagram

illustrating an exanple of a 5 conventional | y-known system configuration
that i npl eREREEBPBPACYRTdRUSoHRRAr BTBOROYeREPERA ngR MRF PRELadisk g, 25

' tual bl ock di, I 11 ust ' I fi, t
Sof tware. SyEDERPT PRREa i EFIgTI <P Bhidh A cBoABNEREer T pFaSent

mi n routi néoFYeE S8TRESemany Sl apRiTaRaba, ohYS) PR AL 4 FRTO %
prograiiexecut e y e 0 1g. 3 1n the
software sygh,ef) 8f c5k8, ¢Re tone generator system 18, i.e., a "client”,
5 sends a command requesting the server computer 17 to download
the operating program and wvarious data by way of the
communication interface 15 and communication network 16. 1In
response to the command from the tone generator system 18, the
server computer 17 delivers the requested operating program

10 and data to the system 18 via the communication network 16.
The tone generator system 18 completes the necessary
downloading by receiving the operating program and data via
the communication network 15 and storing these onto the hard
disk 10.

15 It should be understood here that the tone generator
system 18 of the present invention may be implemented by
installing the operating program and various data
corresponding to the operations of the present invention in
a commercially available personal computer. In such a case,

20 the operating program and various data corresponding to the
operations of the present invention may be provided to users
in a recorded form in a recording medium, such as a CD-ROM or
floppy disk, which is readable by the personal computer.
Where the personal computer is connected to a communication

25 network such as a LAN, the operating program and various data
may be supplied to the personal computer via the communication
network similarly to the above-mentioned.

The software tone generator module SSM may be



Fig. 27 is a flowhart illustrating an exanpl e of processing executed in
the software systemof Fig. 25 by 15 application software APS1 at event
timng of data being reproduced; Fig. 28 is a flowhart illustrating an
exanpl e of a WAVE process of Fig. 26; Fig. 29 is a flowhart of an exanple
of tone generator 20 processing Il of Fig. 26 executed on the basis of a
return request issued fromthe DVA contrpgler of Fig. 3; and Fig. 30 is a
fl omchart of an exanple of tone generator processing Il of Fig. 26 executed
on the basis of a reset request issued fromthe DVA controller. 25

Fig. 1 is @oesktepted asnezieldivagiamthel uannet ngsa shenar ainsfiiget 122. of a
software sysfemin accordance with one aspect of the present invention.

- 21 - The SBRtwdfe SRt WPLByS1%s 4h opR?afPAGYaySt dIANEOICNeN3ERNS 3. 1
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generator section. The MIDI output driver section is a module
5 for driving the tone generator section, which is responsive
to a MIDI message to convert voice data into control
parameters to control the tone generator section. The control
parameters are sent to the tone generator section via
predetermined inter-module interfaces (e.g., "SGM engine
10 API"). When the MIDI output driver section is initialized,
a group of necessary waveform data are loaded in from a given
file in the waveform data memory and stored into a waveform
data storage section. Using the group of waveform data and
in accordance with the control parameters, the tone generator
15 section generates tone waveform sample data or tone data of
given musical characteristics such as pitch and tone color.
The output devices shown in Figs. 1 and 2 are modules
which supply the D/A converter 12 with the tone data sent
from the software tone generator module SSM via the second 0S-
20 level interface ("WAVE out API"). The tone data is supplied
to the D/A converter 12 by means of the DMA controller 11 in
accordance with the known direct memory access method. Thus,
the output devices are implemented by interrupt signals from

the DMA controller 11 under the control of the CPU 3.
25 Now, with reference to Fig. 4, a brief description will
be made about an example of the tone generating processing
that is executed by the software tone generator module SSM

under the control of the CPU 3.



API" as a first interface IF1 for receiving and delivering a 5 M Di
nessage (i.e., performance information on the basis of which waveform data
is to be formed), and a "WAVE out API" as a second interface |F2 for
receiving and delivering fornmed waveform data. For exanple, "Director”
software i s enployed here as 10 application software APS1 for generating
a MDI nessage (i.e., performance infoenggi-on on the basis of which
waveformdata is to be forned). This "Director” software includes "Director
files" and outputs performance information of background music (BGW) in the
formof a MD nHBSBgeactiyatiarseof gifhept paogram afpl theat i appLitavior

output ™ 01 SHEEESER AT o PFsPe” PURRTHERENHILY MeRsaORa sauFee SRATRErS
D by b kche BByl £l 05ea By 8 cal A "erl s, Sy o -
oy Yol 2R S LSRR 3, Shub e S S, B TERCAE 30, Ay
(i.e., 5WAVEsOdtipAPled: tEhitheS AR & nftdRe 08Nl beciu'o%tsél\égmy \nga.
arranged, for exanple, in a manner as previously 25 shown 1 n Fig. I n
connect i on whéhfidet corberdcenalFly ( KMEPM API") and fake MIDI driver FMD,
while each MIDI message output from the application software
APS2 is supplied directly to the input interface ("SGM MIDI
out API"), as previously noted. Once the MIDI message is
10 supplied to the input interface ("SGM MIDI out API") of the
software tone generator module SSM, the MIDI output driver
section of the module SSM (Fig. 23) is activated to convert
voice data into control parameters and store the converted
control parameters and other data into a tone generator
15 register for one of tone generating channels assigned to tone
generation based on the MIDI message. In other words, the
tone generator registers for the tone generating channels
constitute part of the input interface ("SGM MIDI out API")
of the software tone generator module SSM.
20 Basically, the tone generator section of the module SSM
(Fig. 23) is activated, every predetermined time period of
predetermined length (hereinafter referred to as a "frame"),
to execute the tone generating processing based on MIDI
messages supplied within a preceding frame in accordance with
25 the control parameters. In the example of Fig. 4, the tone
generating processing based on MIDI messages supplied within
the frame from time Tl to time T2 is executed within the next

frame from time T2 to time T3. 1In a preferred example of the



technique. In the illustrated exanple of Fig. 1, a fake MDI driver FMD is
provided as a false driver that is programed to - 22 - receive the M DI
nmessage supplied fromthe application software APS1 through the first OS
interface I F1 and pass the received M DI nessage to the software tone
generator nodule SSM This fake M D driver FMD is installed in the
operating 5 systemas a driver. Thus,31the M DI nessage supplied fromthe
application software APS1 via the first interface IF1 ("MDI API") is
received by the fake M DI driver FVMD and then transferred to the software

t one generaF‘aFemﬁﬁﬂ%T‘-’Saﬂg TRECSEPFIAge Paredgarer &h6r WeURFerBSSMeRREY ves
the M D gsa e fromthe fake M DI driver FMD via its own interface

(e.g., " SG\H‘WF‘HP OXpI®3Ch hgne o IeReRRARNG (FRERANLLN2ERLIRGY; £uitenR

d id h h I f d
el orm de9EROTACE AL SBRBRACTR! BRta: eTEa a0 v Gild BhF BT p AL

previ ousl y PR e Wrotated il SBkort PE-SRLLERLESE8REAIPROERL hod@lUl ©

5 generator register for that channel, and the read-out waveform
data are subjected to color control (filtering arithmetic
operation), volume control (multiplication by tone wvolume
envelope data) and modulation control of pitch, color, volume,
etc. in accordance with the control parameters. In this

10 manner, a predetermined number of samples of tone data are
formed for the tone generating channel. The formed tone data
of the assigned tone generating channels are accumulated and
then written into the output buffer of the RAM 5. In some
cases, the accumulated tone data may be imparted effects

15 before being written into the output buffer. Then,
reproduction of the tone data from the output buffer is
reserved in the output device. Thus reserving reproduction
of the tone data in the output device corresponds to
outputting the formed tone data from the software tone

20 generator module SSM to the second 0S-level interface ("WAVE
out API").

For each of the frames, the output device reads out the
formed tone data, sample by sample, from the output buffer
reserved by the tone generator section in the preceding frame

25 and sends the read-out tone data to the D/A converter 12. 1In
the example of Fig. 4, tone data formed within the frame from
time T2 to time T3 are read out from the reserved output

buffer in the frame from time T3 to time T4.



which is itself application software, is allowed to receive the MD
nmessage supplied fromother application software APS1 via the "M DI API"
interface of the OS and execute sound waveform data form ng processing on
the basis of the received 20 M DI nmessage. Therefore, the software tone
generator nodule SSMthat is itself application software can be readily

conbi ned with other application software3ARS1 on the OS | evel .

The software

tone generator nodul e SSM may contain suitable dedicated software for
generating or supplying MD 25 messages, as With the conventi onal
software tone ged®ratbe ndbeve-mepple i(ﬁ?%ﬁlimrea%lgatmﬂar%kethe
software) APS2 sho Fi 1

) wn in If%{”é I s_an exanpl e of suchMDI 1Pipo|1¥2<%9the

software. 2PPh&ceELPRare Re GERdr oS a8sv

[ he M DI f the d -
|t orf ace. (BIHT OwBRSE AR vEE o iOn BRPRd St “%%ﬁﬁé‘laév%#ﬁ;ma%’age
form ng procesm%r%%‘%é(g ORaSAS th Q?mée |mvee.d Mol n&?g&g?a%%he seec%)?ld

supply the 5" wi resu ant ormed wavef orm data v

lnterfage lgatlvated compulsorily by an interrupt signal from the DMA

controller 11, so that no time delay would result. In

contrast, the tone generator section is activated by an

internal interrupt signal from the CPU 3 itself;

thus, when

10

15

20

25

the software is run on an operating system (0S) with no full
multitask function, the activation of the tone generator
section would be delayed by an influence of other processing,
so that desired +tone generation could be hindered
significantly. For this reason, the tone generator system of
the present invention is constructed to effectively preclude
such a hindrance to the tone generation, by taking some
measures as will be outlined below.
<Measure 1>

According to this measure, a time point to generate an
internal interrupt signal activating the tone generator
section (i.e., activating or triggering instruction) is set
to occur a plurality of times within each frame, so that the
internal interrupt signal is actually generated only when the
tone generating processing is permitted to be actually
executed in the software tone generator. The timing may be
set to occur periodically by use of the timer. By forming
some of a "predetermined number of samples of tone data to be
written in one output buffer" each time the tone generator

section is activated by the signal, appropriate adjustment is



("WAVE out API"). In this way, the software tone generator nodul e SSM can
be shared between the software APS2 incorporated for exclusive use by the
nodul e SSM and ot her software APS1 conbined with the nodule SSMvia the CS
10 The formed waveform data received by the OS via the second
interface IF2 ("WAVE out API") is supplied via an output device OUD to an
external device such as CODEC hardware-(83e-, digital-to-anal og converter
(DA or DAC)). Fig. 2 is a conceptual block diagramillustrating a 15
general structure of a software systemin accordance wi th anot her

embodi ment Badenhsughedbat theePredetermingd mumpedyf\dang GrEd b2t or
nmodul e SSM which is itself application software, is jnstalled as drjver
in an opera’f’FﬁBtQQSJf‘érﬁ%d’“&rpé'S:r &H‘%}?&rt oCPRRE Relataddy foztsg e1§0€otai
supplied via,a, fir interface _IEL " | APL" of the operating system
Thus, a M dwlﬁg§ga§éec§ﬁagg %BpSIFé&t %gkgégp |8§?ldn sof tware APS1, via

the first interfagechEle ;—%thg.glgﬁe d e ¥ RBBcASheRhile t8€pe
nodu The so

sof tware tone generat or | e SSM tware tone generator nodul e
SSM forgs 23ctivareloldisaes! @ dpdf1@Fret BE hpsisrafi diheokeagie/etntbbhal

nmessage and supplies the resultant fornmed waveform sanple data to the OS

via a secondnitaretpaceidi@l ((MWWE editiABlitinhg indbuection) at some of the

points, appropriate adjustment can be made such that

arithmetic formation of tone data to be written in one output

buffer are effected, by forming the left-unformed tone data

10 (i.e., tone data that failed to be formed at predetermined

activating time) only when the internal interrupt signal or

activating instruction is generated at one or more of the
subsequent points within the frame.

According to Measure 1, the above-mentioned hindrance to

15 the tone generation can be effectively avoided, because

generation of the internal interrupt signal activating the

tone generator section occurs a plurality of times within each

frame and the predetermined number of tone data can be

completely formed by just tone data forming operations being

20 effected only when the internal interrupt signal is actually

generated.

Figs. 5 and 6 are explanatory of two typical examples of

Measure 1, according to which internal interrupt signals

activating the tone generator section are generated in a frame

25 of 100 milliseconds at predetermined intervals of 10

milliseconds (hence, 10 internal interrupt signals are

generated per frame) and one tenth of the predetermined number

of tone data is formed each time the tone generator section



this case as well, the software tone generator nodul e SSM - 24 - which
Is itself application software, is capable of receiving the M DI nessage
supplied fromother application software APS1 on the OS | evel, and
executing sound waveform data form ng processing on the basis of the
received M D nessage so as to 5 out put the fornmed waveformdata via the
second interface IF2 ("WAVE out API") en34he OS level. Fig. 25 is a
conceptual block diagramillustrating a general structure of a software
systemin accor her .enbodi nrent of the present invention. 10

In Fig. 25° a%%??éﬁé%tgyzaﬁ%iﬁEHFErUPFsSbFB9ﬁded as application software
fhonion o gene! 3hotnd MRlndra2 06, 21 UACIORE 6243 KRR BXOG0ACBLASY

fashion. In addifion an 1 nterfa as sShown

Fig. 2, apoPRgaaldg éasfaenfa(l)qﬁlré naggﬁyaﬁ@&ﬂ%i %@{}{eﬁ&ﬁﬁ% VE 15

out API" on the left in Fig. 25) provit y a soun 'S
appl i cati On?éﬁéi-%iéni asbabbedtaqly €6ivMeE iR +88p&Sse to Fg&her@VEQ&F data

gener at ed romthe application

5 a next internal interrupt signal. Namely, in the illustrated
scheme, all tone data that failed to be formed due to a
failure of the internal interrupt signal generation at the
second interrupt or activating time (corresponding to 10th
millisecond point in the figure) are formed, in response to
10 the internal interrupt signal generated at the third
activating time (corresponding to 20th millisecond point),
together with tone data originally allocated to that point (as
denoted by "2" and "3" in the figure). Also, all tone data
that failed to be formed due to a failure of the internal
15 interrupt signal generation at the sixth and seventh
activating times (corresponding to 50th and 60th millisecond
points) are formed, in response to the internal interrupt
signal generated at the eighth activating time (corresponding
to 70th.miliisecond point), together with tone data originally
20 allocated to that point (as denoted by "6 - 8" in the
figure). The scheme of Fig. 5 has an advantage that the tone
generation would hardly be delayed because the left-unformed

tone data are belatedly formed collectively at once.
In the scheme of Fig. 6, on the other hand, all tone
25 data that failed to be formed due to a failure of the
internal interrupt signal generation are belatedly formed in
a distributed fashion at a plurality of subsequent activating

times when internal interrupt signals are actually generated.



software APS1 is received via the third interface |IF3 provided by the sound
nodul e SGM 20 The sound nodul e SGM contains a software tone source
nodul e SSM which, in a simlar manner to the counterpart SSM of the system
shown in Fig. 2, is programmed to receive the MDI nessage fromthe
application software APS1 via the first interface IF1 ("MDI API") and
forms waveform sanpl e data on 25 t he-b@8is of the received M D nessage.
Further, the sound nDduIe SGM i s programmed to receivehboth ths maveLgrn1d
data suppliged appl i cation software APS1 via the interface | an

t he wavggorﬁ?‘g% re Eg Renggta thag faglefndaobeynformeghedupuitee a

dul e SSM and. add t h t.h ved data,so as to output the
ngﬂlfant a ne%&ﬁﬁtggg%%FﬁéJé S t??ﬁ%% Iﬁ?gn?ﬂ genegation éﬁéét%%

1, th t ftwar
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sof twar e APS3+ANni L1 &5y Poifees lﬁﬂé‘&o&ﬁﬂé@d 1\@(«%\5@‘ OiR #3580H8E 8% he

processing on the basis of t e received M D nessag
5 internal interrupt signals actually generated at the fourth

and fifth activating times (corresponding to 30th and 40th
millisecond points), together with tone data originally
allocated to that point (as denoted by "2", "3" and "4", "5"
in the figure). However, at the last or 10th activating time

10 (corresponding to 90th millisecond point), all tone data that
failed to be formed due to a failure of the internal
interrupt signal generation at the seventh, eighth and ninth
activating times (corresponding to 60th, 70th and 80th
millisecond points) are formed together in order to assure

15 formation of the "predetermined number of tone data to be
written in one output buffer" within the frame. Because the
scheme of Fig. 6 forms the left-unformed tone data at a
plurality of appropriately distributed points if the left-
unformed tone data amount to a great quantity, each processing

20 time can be controlled to not be too long, so that the CPU
can be used efficiently.

While in the scheme of Fig. 6, all tone data that failed
to be formed due to the failure of the internal interrupt
signal generation, i.e., left-unformed tone data, are formed

25 in a distributed fashion at one or more subsequent activating
times in a predetermined quantity, these left-unformed tone
data may be formed later in optional different quantities

(e.g., the predetermined number, one and half of the



and addi ng together the forned waveform data and the waveform data supplied
fromthe application software APS1 via the 10 interface |F3 so as to
output the added result on the OS level via the second interface IF2. Fig.
3 is a block diagramillustrating a general hardware structure which is
used to inplenment the tone generator system using conputer software in
accordance with 15 the present inventisg.- The tone generator system of
Fig. 3 enploys a CPU (central processing unit) 3 of a personal conmputer as
a main control section, and executes waveform sanple data formng

processi ng PER¥teFMENed ogrmher nphdmbalifn@fa thef thradetesmelnz@l nyerer alt or
program (i.e., software tone generator program and other.froce35|ng based

on one or nore o@ﬁeFH?FBSFaﬁ§aWR1§_S§r QQ§urFa§hLGHJuHHE% ?ﬁiTﬂ?ﬁQEWGQﬁ
doccr! pt1 on SR TAEATIO0 AECREbIR G LI SHFy! PHEFR Rl cURERR as
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Fig. 16 is a diagram of still another example of Measure
1, which shows a case where the quantity of tone data to be
formed in response to one internal interrupt signal
(activating instruction) is not always an exact integral

10 multiple of one tenth of the "predetermined number of tone
data to be written in one output buffer" (one tenth of the
predetermined number may be called one processed unit) as
shown in Figs. 5 and 6 but.may sometimes be the processed
unit plus a fraction.

15 The scheme of Fig. 16 is characterized in that at each
of the points corresponding to the actually generated internal
interrupt signal, a quantity of tone data to be formed in
response to each internal interrupt signal (activating
instruction) is determined as a function of a quantity of tone

20 data left-unformed up to that point. Fig. 16 shows examples
of the thus-determined quantity of tone data in relation to
generation of the internal interrupt signals. In Fig. 16, one
tenth of the "predetermined number of tone data to be written
in one output buffer" are formed in a frame at a first

25 activating time (corresponding to Oth millisecond point in the
illustrated scheme) when an internal interrupt signal is

generated in the frame. No tone data is formed at second and

third activating times (corresponding to 10th and 20th



- 26 - formng processing. To the CPU 3 are connected, via a data and
address bus 6, a MDI interface 1, atiner 2, a ROM (read-only nenory) 4, a
RAM (random access nmenory) 5, a nouse 7, a keyboard 8, a 5 display 9, a
hard di sk device 10 and a DVA (direct nmenory access) controller 11. The
DMA - controller 11 executes a predetermned reproduction process, in
which it uses the known direct nenory acgess nethod to sequentially read
out, froman output buffer 10 area of the RAM 5, tone data forned by the
CPU 3 executing tone generating processing and then sends the read-out tone
data to a DhilIDee@rondgppantso-ianatly) féguvert dueixo sanprélByes &fplee | n
synchronismw th reproduction sanpling clock pulses frgn1 the converter

12.  Each dhrterpal dpdegaiupt]Sidnadn/IRRLLATAAR 1 nd ey APEBnv & 1G22 1%t o
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5 puffer" are formed at a fourth activating time (corresponding

to 30th millisecond point) when another internal interrupt

signal is generated. Thus, by the end of the fourth

activating time, tone data have been formed up to a quantity

corresponding to 2.6/10 of the "predetermined number of tone

10 data to be written in one output buffer", as denoted by "2.6"
in the figure.

Then, another specific quantity of tone data

corresponding to 1.5/10 of the "predetermined number of tone

data to be written in one output buffer" are formed at a

15 fifth activating time (corresponding to 40th millisecond

point) when another internal interrupt signal is generated.

Thus, by the end of the fifth activating time, tone data have

been formed up to a quantity corresponding to 4.1/10 of the

"predetermined number of tone data to be written in one output

20 buffer", as denoted by "4.1" in the figure. After this,

still another specific quantity of tone data corresponding to

1.4/10 of the "predetermined number of tone data to be written

in one output buffer" are formed at a sixth activating time

(corresponding to 50th millisecond point) when still another

25 internal interrupt signal is generated. Thus, by the end of

the sixth activating time, tone data have been formed up to

a quantity corresponding to 5.5/10 of the "predetermined

number of tone data to be written in one output buffer", as



20 (Mcrosoft's trademark)), utility software and software for

I npl ementing a software tone generator (i.e., the software tone generator
nodul e SSM of Fig. 1 or 2), as well as other application software (i.e.,

t he application software ASP1 and ASP2 of Fig. 1 or 2). The hard disk
device 10 includes a 25 waveformdata nmenory in which are prestored
groups of waveformdata of a plurality-aggt-one colors for one or nore

peri ods. Various prograns, such as the fake M DI driver, may be stored in
the hard di gk device 10 or in the RAM5 or ROM4. In the - 27 -

fol | owi ng deSRPFedi By, 5n50rHErtPS EL@dFPy di stingui sh between the waveform
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5 then, yet another speclflc quantity of tone data corresponding
to 1.7/10 of the "predetermined number of tone data to be
written in one output buffer" are formed at a ninth activating
time (corresponding to 80th millisecond point) when yet
another internal interrupt signal is generated. Thus, by the
10 end of the ninth activating time, tone data have been
belatedly formed up to a quantity corresponding to 7.2/10 of
the "predetermined number of tone data to be written in one
output buffer", as denoted by "7.2" in the figure. After
this, still another specific quantity of +tone data
15 corresponding to 1.6/10 of the "predetermined number of tone
data to be written in one output buffer" are formed at a
tenth activating time (90th millisecond point) when still
another internal interrupt signal is generated. Thus, by the
end of the tenth activating time, tone data have been formed,
20 as a total for the frame, up to a quantity corresponding to
8.8/10 of the "predetermined number of tone data to be written
in one output buffer", as denoted by "8.8" in the figure.
Then, at a first activating time (100th millisecond
point in the figure) of a next frame when another internal
25 interrupt signal is generated, another quantity of tone data
left unformed in the preceding frame corresponding to 1.2/10
of the "predetermined number of tone data to be written in

one output buffer" are formed along with a specific quantity



10 | oadi ng any of the prograns fromthe hard disk 10 or ROM 4 into the
RAM 5, the CPU 3 can execute the program This greatly facilitates

versi on-up, addition, etc. of an operating program A CD- ROM (conpact

di sk) 19 may be used as a renovably-attachabl e external recording nmedi um
for recording 15 vari ous data and an optional operating program Such
an operating program and data stored in 3%e- CD- ROM 19 can be read out by
means of a CD-ROM drive 14 to be then transferred for storage on the
hard disk 10, This facilitates installation and version-up of the

operating pPbgFaRe datfetogbe femrpednty-the a"c‘F’Fé’Efr%t e&??ﬁl;ﬁo?%?ﬂ?‘lfi‘wg
di h h h ' a magnet.o
opt 1 cal o SR POPYIR Rl o SPFERCEREDAGHe MiubRRy T EORReBREd 18 U bus
6 so that tg?ﬂ:?@ﬁ GENSA U PN . £2N be ﬁgﬂe%gﬁeg Vird Ay {d'%he
n ne mofﬁ L % a

interface 15 to a conmuni cat| 16 Ssuch as a (I'ocal area

network), ipighrel bdRlLRBABCAALES ANy 2Rd 8P-8LE8-RE &8%&6&%’ to
an appropriate sever conputer 17 via the comtuni catTl on netmorE 16. Thus,
where the oper @bhBddata to be written in one output buffer" have been
formed so far, those (i.e., 10/10) of the formed tone data
corresponding to the "predetermined number of tone data to be
written in one output buffer" are taken out of the formed
data group and supplied to the output device so that their
10 reproduction is reserved. As a result, the tone data
corresponding to 0.3/10 of the predetermined number to be
written in one output buffer are left as "tone data under
formation".
After this, still another specific quantity of tone data
15 corresponding to 1.4/10 of the "predetermined number of tone
data to be written in one output buffer" for the current
frame are formed at a second activating time (110th
millisecond point) of the current frame when still another
internal interrupt signal is generated. Thus, by the end of
20 the second activating time, tone data have been formed up to
a total quantity corresponding to 1.7/10 of the "predetermined
number of tone data to be written in one output buffer" for
the current frame, as denoted by "1.7" in the figure. After
this, tone daté will be formed in response to each internal
25 interrupt signal in the above-mentioned manner until the total
quantity reaches a predetermined upper limit wvalue SRmax.
When the determined gquantity of tone data to be formed is

more than the upper limit value SRmax, appropriate control is



- 28 - program and various data are not stored on the hard disk 10, these
operating program and data can be received fromthe server conputer 17 and
downl oaded onto the hard disk 10. In such a case, the tone generator system
18, i.e., a "client", 5 sends a conmmand requesting the server conputer 17
to downl oad the operating program and various data by way of the

communi cation interface 15 and comuni caggan network 16. In response to the
command fromthe tone generator system 18, the server conputer 17 delivers
t he requested operating program 10 and data to the system 18 via the
comuni cat i BAdAeSNek tBatTHAe oaeanbhty atfed 18y sabmors kelew etthe tvrlue
necessary downl oadi ng by receiving the operating programand data via the

conmuni cat i BR™A&t wor k 15 and storing these onto the hard disk 10].c 1ﬁ
It should b d toad _h that the t [ t tem 18 t he
pre:egg invgngpoﬁaﬁﬁggﬁggﬁﬁ%1e %ﬁtgﬁgﬁngeéggﬁﬁiggfg %ﬁ%eﬁ Séﬁ%g?iﬁﬁaCh
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oper ati ons of ?he present “i nvention nmay be provided to users

to be formed in determined, as a function of a quantity of

tone data left-unformed up to that time point, within a limit

such that too much time will not be spent on the tone
generating processing, and then processing is executed to form

10 tone data up to the determined quantity. With the processing
executed in response to each internal interrupt signal, the
left-unformed tone data will be formed in a progressive
manner. Namely, the scheme of Fig. 16 is identical to the
schemes of Figs. 5 and 6 in that the tone generating

15 processing is activated in response to each internal interrupt
signal and affords generally the same benefits as attained by

the schemes of Figs. 5 and 6; however, the scheme of Fig. 16

is different from the schemes of Figs. 5 and 6 in that the
left-unformed tone data are formed progressively in accordance

20 with predetermined functions rather than being formed
collectively at one time, and thus it can attain unique
benefits. In other words, the CPU 3 can be prevented from
being used, for a long time, exclusively for +the tone
generating processing by the software tone generator module

25 S8M, so that when the CPU 3 is to execute the tone generating
processing and other processing in a parallel fashion or when
there is need to execute low-priority processing other than

the tone generating processing by means of the software tone



in a recorded formin a recording nedium such as a CD-ROM or floppy di sk,
which is readable by the personal conputer. \Were the personal conputer
connected to a comruni cation 25 network such as a LAN, the operating

program and vari ous data nay be supplied to the personal

S

conputer via the

comuni cation network simlarly to the above-nentioned. The software tone

gener at or

nodule SSM may be - 29 41constructed generally in the

manner as shown in Fig. 23. That is, as showm in Fig. 23, the software tone

gener at or

nmodul e SSMincludes a M DI output driver section and a tone

gener ator sEERPHAtOFHEORpER BB putherFoRemecet i Bloi L& PRI &S 2 PERPt

drivi th t ti which i.S responsjive to M DI nessage
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predetermned inter-nodulée interfaces (e.g., "SGMengine 10 API").
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waveform data are loaded in froma given
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15

20

25

of the left-unformed tone data may be conducted at the highest
speed, but in the event that many internal interrupt signals
fail to be generated consecutively, a considerably great
number of tone data have to be formed when the internal
interrupt signal is actually generated at a time immediately
after such failure. In such a case, the CPU 3 would take a
long time to execute the tone generating processing by means
of the software tone generator module SSM and hence tends to
be used exclusively for the tone generating processing. Thus,
there is a possibility that when there occurs any factor to
trigger processing having 1lower priority than the tone
generating processing by the software tone generator module
SSM, the CPU 3 is not able to execute the lower-order
processing promptly. If the number of tone data to be formed
per unit time becomes so great, the number of tone generating
channels capable of simultaneously forming tone data may
decrease extremely. However, these inconveniences can be
avoided by adopting the scheme of Fig. 16. For this reason,
an embodiment will be described in detail below in relation
to a case where the scheme of Fig. 16 is employed.

By the way, if many internal interrupt signals fail to
be generated leaving a great number of tone data unformed, the
tone data forming operations might not be completed in every

assigned tone generating channel at one or more subsequent

IAeHi P H OUhL e MERESSH Y



file in the waveformdata nenory and stored into a waveform data storage
section. Using the group of waveformdata and in accordance wth the

control paraneters, the tone generator 15 section generates tone waveform
sanpl e data or tone data of given nusical characteristics such as pitch and
tone col or. The output devices shown in Figs. 1 and 2 are nodul es which
supply the DA converter 12 with the teng2data sent fromthe software tone
generator nodule SSMvia the second GS- 20 | evel interface ("WAVE out
API"). The tone data is supplied to the DA converter 12 by neans of the
DVA cont r ol REFIYATERTackHiRRindake hthRe IRERFLERT e SLomddor ¥Saceetealdy hod.

Thus, th t put [ | npl enented by interrupt signals fromthe DVA
coﬁtsrol I Zroﬁﬁggﬁa g Itﬁg It',laberﬁr e?‘icﬂr;p%lf I fﬂeMEPGY%’.ebfﬁt it 1s %(ﬁlﬁ,lﬁql{?hr@r%’? gnce
to Fig. 4, | Cription,_ w e abqut an, exanple o e n
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program of the application
5 for that purpose. The number of such tone generating channels

to be reduced is the greatest in the scheme of Fig. 5; in the
case of Fig. 6, in other cases where the left-unformed tone
data are formed progressively by the end of the last
activating time, and in the case of Fig. 16, the number of
10 the tone generating channels to be reduced is smaller than in
the case of the Fig. 5 example; however, the example of Fig.
5 is most desirable if the left-unformed tone data are to be
formed promptly.
<Measure 2>
15 According to this measure, there are provided, as the
tone generator register for each of the tone generating
channels, a first register (primary tone generator register)
for storing parameters to control current tone generating
processing assigned when the channel is not in use or
20 available, and a second register (secondary tone generator
register) for storing parameters to control new tone
generating processing assigned when the channel is still in
use for the current tone generating processing and hence
unavailable for the new tone generating processing. As the
25 tone generator register to be used for the tone generating
channel, the primary tone generator register is selected until
predetermined +timing to start the new tone generating

processing, and the secondary tone generator register is



software APS1 or APS2, supply of M DI nessages to the software tone
generator nodule SSMis started. In the systemof Fig. 1, each M D nessage
output fromthe application software APS1 5 is supplied to the input
interface ("SGM M DI out API") via the first interface IF1 ("M DI API") and
fake M DI driver FMD, while each M DI nmessage output fromthe application
software APS2 is supplied directly to thgsisnhput interface ("SGVM M DI out

APl "), as previously noted. Once the M DI nessage is 10 supplied to the
i nput interface %"SGNIM DI out API") of the software tone generator nodule
SSM the M PRlectpdt adtrFerthee timiiafte hetashutbesspw( fiane X@nerating
activated to convert voice data into control paraneters and store the
converted cBhPYBPSpBPameters and other data into a tone generator 15

[ f ti h I ' dto t erafion
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processi ng based on M D

or prepared in the secondary tone generator register while
securing continued execution of the current tone generating
processing in the channel using the primary tone generator

10 register. In this way, it is possible to prevent any time
delay in the tone data formation that would otherwise result
from a time delay in preparing the new tone generating
processing.
<Measure 3>

15 According to this measure, a plurality of output buffers
are provided in the RAM 5, and reproduction from some of the
output buffers is reserved in the output device prior to the
activation of the tone generator section. Even when the tone
generator section is prevented from being duly generated at

20 a predetermined activating time due to an influence of the
other processing, tones can be reproduced with no appreciable
break in a stream of generated tones as long as the the tone
generator section is activated and reproduction from another
output buffer is reserved before the previously-reserved

25 reproduction from the output buffers is completed. Thus, this
measure expands such a tolerable range of time delay in the
activation of the tone generator section that can prevent a

break in a stream of generated tones.



messages supplied within a preceding frane in accordance with 25 t he
control paraneters. |In the exanple of Fig. 4, the tone generating
processi ng based on M DI nessages supplied within the frame fromtine T1 to
time T2 is executed within the next frane fromtime T2 to tinme T3. In a
preferred exanple of the - 31 - tone generating processing based on the
wavef orm nenory net hod, for each tone ge#érati ng channel assigned to tone
generation, waveformdata are read out fromthe RAM5 at a rate as dictated
by the control paraneters stqored in the_tone 5 enerator register for
that channel , anglghe7ré§d?OGPaﬂ69@fSﬁﬁiaﬁ?EOEYeoguﬁf%@?éﬁr¥o ebrbtscohtrol

(filtering grithnetic operati.on), volune contro mul tiplication by tope
Vol urre. envellBREUAR: y ARFORAIASK I MIAR ARPLSARGR SR, Lo0h) HEPSEL
i n accordan | the ¢ | . par.anmeters. n.this.. ner, a
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channel s are accunmul ated and then witten into the output buffer of the RAM

5. In sONBreserved output buffers at the start of frame Fl is "3" now
that reproduction from one of the four ocutput buffers has been
completed in the preceding frame, but during frame F1l, +the
number of reserved output buffers is increased to "4" because
formation of the "predetermined number of tone data to be

10 written in one output buffer" has been completed and
reproduction from the output buffer has been reserved. Then,
the number of reserved output buffers is decreased to "3"
after frame F1 now that reproduction from another one of the
four output buffers has been completed, but during next frame

15 F2, the number of reserved output buffers is again increased
to "4" because formation of the predetermined number of tone
data to be written in the next output buffer has been
completed and reproduction from that output buffer has been
reserved.

20 After that, the number of reserved output buffers is
decreased to "1" at the end of frame F4 because no tone data
is formed due to a time delay in the activation of the tone
generator section. Then, in frame F5, tone data are
reproduced from the last one of the reserved output buffers

25 (i.e., the output buffer reserved during frame 2); occurrence
of the reproduction reservation made during frame 2 is denoted
by a heavy white arrow, while frame F5 is denoted by half-

tone dot meshing. During frame F5, the number of reserved



cases, the accunul ated tone data may be inparted effects 15 before being
witten into the output buffer. Then, reproduction of the tone data
fromthe output buffer is reserved in the output device. Thus reserving
reproduction of the tone data in the output device corresponds to
outputting the formed tone data fromthe software tone 20 gener at or
nodul e SSMto the second OS-level interfage ("WAVE out API"). For each of
the frames, the output device reads out the forned tone data, sanple by
sanple, fromthe o tg t buffer reserved by the tone generator section in

the precedi AYTPPEBUSECTSaAE dORFSIERE Moad ouasmsadiarnarian of Athe
comuert o Liorabfs bR SRATRL A, &L Forby g BRCeS AT 1 SR e e
L o ByERES At 4 Honghetad el b 8 A0PL PR 6 LA
the MD oupfgtefr N BE&AT 2BsBIRA.ON ERRiSHPRY A M FPSRE9Y, the
5 number of reserved output buffers is increased and decreased
in response to completion of the reproduction and occurrence
of the reproduction reservation.
In the above-mentioned manner, even when the +tone
generator section fails to be duly generated at a
10 predetermined activating time due to an influence of the other
processing, tones can be appropriately reproduced with no
delay as long as the the tone generator section is activated
and reproduction from another output buffer is duly reserved
before the prior reserved reproduction from the four output
15 buffers is completed. If the formation of tone data to be
written in the next output buffer is completed during a
particular frame when the number of reserved output buffers
is "4", reproduction reservation of the output buffer is made
only after completion of the reproduction in the frame so that
20 the number of reserved output buffers does not exceed "4".
The output buffers that should be provided in the RAM 5
to carry out Measure 3 include those for effecting the
reproduction reservation prior to the activation of the tone
generator section, one for writing thereinto tone data
25 completely formed by the tone generator section, and one or
more spare output buffers to be used in case the quantity of

the tone data actually formed by the tone generator section

exceeds the "predetermined number of tone data to be written



are effected on a real-tine tine. The output device is 5 activated
conpul sorily by an interrupt signal fromthe DVA controller 11, so that no
time delay would result. In contrast, the tone generator section is
activated by an internal interrupt signal fromthe CPU 3 itself; thus, when
the software is run on an operating system (0OS) with no full 10 mul titask
function, the activation of the tone getgr-ator section woul d be del ayed by
an influence of other processing, so that desired tone generation

could be hindered significantly. For this reason, the tone generator

system of the FEseRPTPHYeMYLiPT's contire uds@l onerber: iafel Fhpr eawtritt I1;:3
h hi to.th ti t aking sone neasures as W
e out | 1 ned BEFSHE SReaturdh 1 aceErtRg o5 THs ﬂﬁa&e@vw RS Lo
t ' ' t .S I ti,yating .the tone ner.at.or
OEey o b EbSETBLEALET RUD: b8, A0l ARl 420 IR NG, SRDSLALON, X

plurality Oéoﬁbﬂféoﬁiiﬁi ;ﬁ%ﬁ%ﬁhﬁﬁ%??%ﬁgqh%%ki%?@okn£ﬁén§ét&§if§rf&%méﬁgnal

is actually generated onl generating processing ts permtted
to be agtuatbiecrgededs ithd NepsedéverRihENCnURABEFAIY - tdhe BhPhNEJIBYe bE

25 set to occur periodically by use of the timer. By formng
written in one output buffer". Thus, a total of five output
buffers will be sufficient in the example of Fig. 7.
<Measure 4>

In case no output buffer is reserved in the output
10 device within a predetermined time period, tone data forming
operations that should have been completed by that time is
compulsorily discontinued, and new arithmetic forming
operations are caused to begin with tone data originally
scheduled for that time. According to this measure, even when
15 the reproduction reservation can not be made in time and thus
a temporary disorder is caused in generated tones, stable tone
formation can be promptly restored so that accompanying noise

is minimized.
In the example of Measure 3 of Fig. 7, reproduction
20 reservation of the output buffer having stored therein tone
data formed by the tone generator section is shown as being
made by the time when reproduction has been completed for
every output buffer previously reserved in the output device.
However, in case the activation of the tone generator section
25 is greatly delayed by an influence of the other processing,
it is possible that the reproduction reservation of the output
buffer having stored therein tone data formed by the tone

generator section is not timely made even in a frame where



sone of a "predeterm ned nunber of sanples of tone data to be witten in
one output buffer"” each tine the tone generator section is activated by the
signal, appropriate adjustnent is - 33 - made such that the
"predeterm ned nunber of tone data to be witten in one output buffer”™ can
be belatedly forned in total within the frame in a distributed manner. In
the event that the tone generator sectro#7fails to be 5 activated due to
a failure of generation of the internal interrupt signal (i.e., activating
instruction) at sonme_of the points, appropriate adjustnent can be e such
that arith PPcr?BF%‘E?BhOBfP’E%@"(FaFYa DEEVHOURLYL FJEﬁeFHeGnQUBBPBu?‘r‘TE fer
are effected, by formng the |eff.unforned tone data 10 L .€.q at a
that fail edgf’ﬁ e FEERP edet &¥ni ne eacPP\‘}B?an"%li r”f?)sggr‘{ y \/\#llgﬁg%ﬁe
internal interr ignal.. or ti vat in ' [ neg at or
mor e of theh Egég%uéﬁt %%&r%tas?%v% tt\tél ndtqﬁe' fffé{m%égg&)r%al%’ %@ﬁﬁgﬁ%gﬂi‘g t he
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avoi ded, because
5 operations of tone data that should have been completed before

the number of reserved output buffers becomes "0O" is

discontinued compulsorily, another output buffer reservation

is made in the output device, and then new arithmetic forming

operations are caused to begin with tone data originally
10 scheduled for that time.

A detailed description will now be made about an example
of operation of the tone generator system using computer
software which is designed to effect the above-mentioned
measures, with reference to Figs. 8 to 25. First of all, a

15 description will be given about an embodiment corresponding
to the system configuration of Fig. 1 (i.e., an embodiment
using the fake MIDI driver).

Fig. 8 is a flowchart of a main routine of the software
tone generator module SSM executed by the CPU 3 of Fig. 1.

20 First, an initialization process is executed at step S1, which
includes clearing data stored in the tone generator registers
for all the tone generating channels (including the primary
and secondary tone generator registers as mentioned earlier
in connection with Measure 2), as well as data stored in the

25 working area of the RAM 5 (including the output buffers as
mentioned earlier in connection with Measure 3) at step S21
of Fig. 9. Then, waveform data recorded on the hard disk

device 10 are loaded into the RAM 5 at step S22 of Fig. 9.



generation of the internal interrupt signal activating the tone generator
section occurs a plurality of tines within each frame and the predeterm ned
nunber of tone data can be conpletely fornmed by just tone data formng
operations being 20 effected only when the internal interrupt signal is
actual ly generated. Figs. 5 and 6 are explanatory of two typical exanples
of Measure 1, according to which internaiginterrupt signals activating the
tone generator section are generated in a frame 25 of 100 mlliseconds
at predeternmned intervals of 10 mlliseconds (hence, 10 internal
interrupt sFghabyingethéaer hedpwprut dawcadd dnd wledireds atnhatep 523,
predeterm ned nunber of tone data is forned each tine fhe tgne geper at pr
section andrepreductiQn (P Fhenelearef reiptPet HiHfifers, ( ﬁEeschg L of
Fig. 5, all tone data_that fai,leqqto be farnmed %Jet failur th
i nternal i nPYPHt B %&ﬁ&ls_ FEnerat hc?h eeﬁ%“pgliﬁ Sedii9s g%ﬁe%igi F\g?égg%%éegFo
?ﬂ‘ﬁ;ﬁ ;1?2 d%fte% s28 NeXl chO §00R e | LS LA r 918 theBBRLIYatiBnl BE the
5 tone generator section as mentioned earlier in connection with
Measure 3. Then, at step S25, the output device is activated
by the D/A converter 12 generating and passing a reproduction
sampling clock pulse to the DMA controller 11, and the
software timer is activated to generate an internal interrupt
10 signal for activating the tone generator section. For
example, the software timer is designed to generate an
internal interrupt signal by the CPU 3 referring to a hardware
timer.
As earlier mentioned in connection with Measure 1, the
15 software timer is capable of generating internal interrupt
signals (activating instructions) at a plurality of timing or
activating times in each of the frames (it is assumed here
that internal interrupt signals can be generated ten times in
each frame having a length of 100 milliseconds, i.e., at
20 intervals of 10 milliseconds, as in the examples of Fogs. 5,
6 and 16). As set forth previously, the internal interrupt
signal is not necessarily generated by the software timer at
each activating time (i.e., every 10 milliseconds); namely,
when the CPU 3 is engaged in processing by the operating
25 system or other software processing, the internal interrupt
signal (activating instruction) can not be generated even when

the activating time arrives. So, according to the embodiment,

a timer flag is set whenever the timer 2 counts out passage



schene, all tone data that failed to be fornmed due to a failure of the
internal interrupt signal generation at the second interrupt or activating
time (corresponding to 10th mllisecond point in the figure) are fornmed, in
response to 10 the internal interrupt signal generated at the

third activating tinme (corresponding to 20th mllisecond point), together
with tone data originally allocated to-t&at- point (as denoted by "2" and
“3" in the figure). Also, all tone data that failed to be formed due to a

failure of the nal 15 nterrupt signal generation at the sixth
and seventf a%tqﬁ?éqq‘?dr“ﬁq?é’st&&‘&r?‘%@%%d?‘?ﬁf?%’%%%ﬁ@ BO?@%’TW@%@&)ndd
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failure of the internal interrupt signal generation are belatedly formed in
a di stribut etatashedHn tHe a flllagr.al | tyheh Stsequert aaHivateBd that the
necessary tone generating processing is left unexecuted, the
internal interrupt signal (activating instruction) is
generated and the flag is reset. Thus, one internal interrupt
10 signal is generated whenever the CPU 3 is determined as
available for the processing of the software tone generator
during the predetermined time length corresponding to one
activating time (e.g., 10 milliseconds). However, whenever
the CPU 3 is determined as not available for the processing
15 of the software tone generator during the predetermined time
length corresponding to one activating time (e.g., 10
milliseconds), the CPU 3 does not check the timer flag and
hence the predetermined time elapses with no internal
interrupt signal generated and then a next flag will be set;
20 that is, no internal interrupt signal is generated in response
to the preceding flag.

In this way, the internal interrupt signal (activating
instruction) is not necessarily generated at each activating
time, as illustrated in Figs. 5, 6 and 16. Further, as may

25 be understood from the foregoing, the intervals between the
internal interrupt signals generated consecutively at several
activating times are not always accurately fixed to the

predetermined time length (e.g., 10 milliseconds) but may vary



times when internal interrupt signals are actually generated. - 35 -
Nanely, all tone data that failed to be formed due to a failure of the
internal interrupt signal generation at the second and third activating
times (corresponding to 10th and 20th mllisecond points) are formed | ater,

In response to the 5 internal interrupt signals actually generated at the
fourth and fifth activating tinmes (corkesponding to 30th and 40th
mllisecond points), together with tone data originally allocated to that

poi nt (as denoted by "2", "3" and "4", "5" in the figure). However, at the
| ast or 10t ﬁOaclePvailllrﬂjﬂilr}freSi?@rte(fcoPFeskﬁﬁﬁﬁ?\g qt@ngogﬁ illigeerrds.

point), all tone data that failed to be fornmed e.to,a failuyre of the
i nternal i nF@F?Hﬁ?'sF]@%ﬁxﬁngﬁFéﬁlﬁ'P Fﬁ@lgg\%ﬁ e dpERERANGPHPRTRPT
t t t t o, 60t 70t h d 0 h 1
Z‘ﬁﬁ; for 'ngg BbgBeher A5 g o1a8stretiel) g Onr e PEPRGRPEN: Tl
number o tBBS 42t gn! %Ebeth\@é (%ﬁ(?nB' {‘%gé‘ﬁé?g{xu ?xepxutt Rl cpyf t 'é‘né@? s [ EROE

Because t he 'sc¢ ene of or nb orned tone data
5 timer flag).

Referring back to Fig. 8, after the initialization

process, there is visually presented, on the display 9, a

panel screen (not shown) for indicating various information

corresponding to the progression of the processing and for

10 being used by an user or human operator to enter various

control data with the mouse 7, at step S2. Because

reproduction from several output buffers are reserved in the

output buffer by the initialization (Fig. 9) prior to the

activation of the tone generator section, the output device

15 first executes the reproduction of the previously-reserved

four output buffers and then reproduction of output buffers

subsequently reserved by the tone generator section. Thus,

the tone reproduction responsive to supplied MIDI messages

will be delaved by a total time length of the frames

20 corresponding to the number of the previously-reserved output

buffers (four frames in the example of Fig. 7). In a case

where information based on a supplied MIDI message is

presented on the panel screen of the display 9, it is

desirable to defer the display timing by the total time length

25 of the frames corresponding to the number of the previously-
reserved output buffers.

At step S3 following step S2, the main routine checks

occurrence of the following activating or triggering factors:



plurality of appropriately distributed points if the left- unfornmed tone
data anount to a great quantity, each processing 20 time can be
controlled to not be too long, so that the CPU can be used efficiently.
While in the schene of Fig. 6, all tone data that failed to be fornmed due
to the failure of the internal interrupt signal generation, i.e.,
| eft-unforned tone data, are fornmed 25~ 5i1n-a distributed fashion at one or
nore subsequent activating tines in a predeterm ned quantity, these
left-unformed tone data may be formed |ater in optional different
quantities (e.g. Iriggepivdetf@choted nuFRRly 0p® agéﬂlﬁiﬁ"ﬁs&g:e via hﬂ% -
redetermn nu r and half of the predeterm ned nunber. ,anot her
gxanple of ggés?#i?%ﬁ SQhtware tepe- GRRer Ak (R ktut(# -esulthengSEM M Rhe
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5 the application APS1 or APS2 (see Fig. 1);

Triggering factor 2: Generation, by the software timer,
of an internal interrupt signal activating the tone generator
section (although the internal interrupt signal is set to be
generated at predetermined intervals, i.e., 10 milliseconds,

10 it is not necessarily generated accurately at such
predetermined intervals);

Triggering factor 3: Detection of a processing request
from the output device;

Triggering factor 4: Detection of another request such

15 as an input event on the panel screen of the display 9 or a
command input event on the keyboard 8 (excluding a main
routine ending command); and

Triggering factor 5: Detection of an input event of a
main routine ending command on the keyboard 8.

20 After step S3, a determination is made at step S4 as to
whether or not any one of the above-mentioned triggering
factors has occurred. 1If answered in the negative at step
S4, the main routine reverts to step S3 in order to repeat
the operations of steps S3 and S4 until any one of the above-

25 mentioned triggering factors occurs. Upon occurrence of any
one of the triggering factors, an affirmative determination
results af step S4 and the main routine moves on to step S5,

where a further determination is made as to which of the



formed in response to one internal interrupt signal (activating

I nstruction) is not always an exact integral 10 mul tiple of one tenth of
the "predeterm ned nunber of tone data to be witten in one output buffer”
(one tenth of the predeterm ned nunber nmay be called one processed unit) as
shown in Figs. 5 and 6 but may sonetines be the processed unit plus a
fraction. 15 The schene of Fig.-1®2i-s characterized in that at each
of the points corresponding to the actually generated internal interrupt
signal, a quaptit %%ne data to be forned in response to each interna
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mllisecond point in the illustrated schene) an i At ernal i nt'errupt

signal 5s geatspésdel Bot hegkl ane. ahl 180e data |s formed at second and

third activating tinmes (corresponding to 10th and 20th

Fig. 17 is a flowchart of an exemplary program of the
fake MIDI driver FMD shown in Fig. 1. This program for the
fake MIDI driver FMD is triggered when a MIDI message is
supplied from the application software APS1 (Fig. 1) to the
10 first interface IFl (i.e., "MIDI API") of the operating system
(0S). Assume here that the MIDI message supplied from the
application software APS1 (Fig. 1) contains MIDI channel
number information indicating any of channel numbers 1 - 16.
At step S220, an operation is performed for converting the
15 MIDI channel number in the MIDI message supplied to the first
interface IFl (i.e., "MIDI API") into any of channel numbers
17 - 36. This is because the software tone generator
according to the embodiment comprises 36 channels having
channel numbers 1 - 36 (32 parts), of which channels of
20 numbers 1 - 16 are allocated to the application software APS2
(Fig. 1) dedicated to the software tone generator and the
remaining channels of numbers 17 - 36 are allocated to the
other application software APS1 involving the use of the fake
MIDI driver FMD. Therefore, if the software tone generator
25 is used only in connection with the application software APS
1l involving the use of the fake MIDI driver FMD, the

operation of step $220 may be omitted.

At next step S221, an operation is performed for



- 37 - mllisecond points in the figure) due to a failure of the internal

I nterrupt signal generation, and then, a specific quantity of tone data
corresponding to 1.6/10 of the "predeterm ned number of tone data to be
witten in one output 5 buffer" are fornmed at a fourth activating tine
(corresponding to 30th mllisecond point) when another internal interrupt
signal is generated. Thus, by the-esd of the fourth activating tine,
tone data have been fornmed up to a quantity corresponding to 2.6/ 10 of the
"predeterm ned nunber of tone 10 data to be witten in one output
buffer", asHBASEEHTHPI 2t8" the sREtYRYE Eongrganeratpnt hRE (ARpeef ke

i f d ding to_1.5/10 of the "predeternined
nunber of {BAECHATS YOS STTTGT PRoe Sopur he ARL neReage FbAtaen 15
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wittensin gaeee¥ifyt the MIDI message transfer, the software tone
generator module SSM determines that the above-mentioned
triggering factor 1 has taken place.
Fig. 18 is a flowchart of an example of a MIDI event
process program in the application software APS2 (Fig. 1)
10 dedicated to the software tone generator. This MIDI event
process is triggered in response to occurrence of a MIDI event
during execution of the application software APS2. At step
S230, an operation is performed for inputting, to the software
tone generator API, a MIDI message relating to the MIDI event.
15 By detecting the MIDI message input, the software tone
generator module SSM determines that the above-mentioned
triggering factor 1 has taken place.
In the above-mentioned manner, triggering factor 1
occurs in response to the supply of a MIDI message from
20 either one of the dedicated application software APS2 and the
application software APS1 combined with the software tone
generator on the 0S level. The software tone generator
executes the tone generating processing based on the two
application software by properly using the 36 channels.
25 The MIDI channel number conversion may be conducted in
any other manner than the above-mentioned. For example, the
channels of numbers 1 - 16 may be allocated to the

application software APS1 involving the use of the fake MIDI



20 buffer", as denoted by "4.1" in the figure. After this, stil

anot her specific quantity of tone data corresponding to 1.4/10 of the
"predeterm ned nunber of tone data to be witten in one output buffer” are
formed at a sixth activating tinme (corresponding to 50th mllisecond point)
when still another 25 internal interrupt signal is generated. Thus, by
the end of the sixth activating tinme, tope data have been fornmed up to a
guantity corresponding to 5.5/10 of the "predeterm ned nunber of tone data

to be witten in one output buffer", as - 38 - denoted by "5.5" in_the
figure. No fanwegaf¥D swhidkasthet reBatning aghaBpgheh ofciwmansy 1 nes36
(corresponding to 60th and 70th mllisecond points) due to a failure

i nternal i nf&¥r B§t alGEateseda e PPrhtration (Reftyrre 2ABPhe engEFgéc
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i nternal interrupt signal I's genherated. us, by t
5 conducted using the program of Fig. 18.
Referring back to Fig. 8, if triggering factor 1 (i.e.,
supply of a MIDI message) has occurred as determined at step
S5, the MIDI process is executed at step S6 and a
predetermined visual display of the received message data,

10 such as data indicating for which of MIDI channels the MIDI
message has been supplied, is made at step S7 on the panel
screen. After this, the main routine loops back to step S3
in order to repeat the above-mentioned operations at and after
step S3.

15 The MIDI process at step S6 includes note-on event and
note~-off event processes based on note-on and note-off event
data. Fig. 10 is a flowchart illustrating an example of the
note-on event process. At first step S31, data indicative of
the note number and velocity of the note-on event, part number

20 of a performance part associated with the note-on MIDI channel
and occurrence time of the note-on event are stored into
respective registers NN, VEL, p and TM. At next step S32,
one of the tone generating channels is assigned to tone
generation based on the note-on event, and the number of the

25 assigned channel is stored into register i. Then, at step
S33, voice data of the tone color selected for the part
number stored in register p is read out from the RAM 5 and

then converted into control parameters (including a pitch-
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formed up t
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the ninth activating time, tone data have been belatedly

0 a quantity corresponding to 7.2/ 10 of the "predeterm ned
one data to be witten in one output buffer"”, as denoted by

"7.2" in the figure. After this, still another specific quantity

tone data
tone data t
activating

15 corresponding to 1.6/10 of the "predeterm ned nunber of
0 be witten in one output bugger" are formed at a tenth
time (90th mllisecond point) when still another internal

interrupt signal is generated. Thus, by the end of the tenth activating
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time in register TM, into the tone generator register for the
tohe generating channel of the channel number indicated by
register i, so as to reserve note-on operations for timing
corresponding to the occurrence time.

The reasons for storing the event occurrence time from
register TM into the tone generator register are as follows.
As previously mentioned, there may be a time difference,
approximately corresponding to four frames, between the note-
on event occurrence time and the +time when the tone
reproduction is actually initiated on the basis of the note-on
event; that is, the start of the tone reproduction is delayed
by the time corresponding to about four frameé. It is
sufficient that the tone generating processing (corresponding
to later-described "tone generator processing ") generate
corresponding tone data at any optional timing within a range
of the time difference; that is, a processing time delay
within that range is tolerated. Thus, without knowing the
note-on event occurrence time, the tone generating processing
executed at any optional timing different from the occurrence
time will be unable to generate the corresponding tone data.

In case the tone generating channel in question is in
use, step S34 stores the control parameters into the secondary

tone generator register rather than the primary tone generator



- 39 - of tone data to be fornmed in the current frane corresponding to
0.3/ 10 of the "predeterm ned nunber of tone data to be witten in one
output buffer”, as denoted by "10.3" in the figure. Because tone data
exceedi ng the "predeterm ned nunber 5 of tone data to be witten in one
out put buffer” have been fornmed so far, those (i.e., 10/10) of the forned
tone data corresponding to the "predetersened nunber of tone data to be
witten in one output buffer" are taken out of the forned data group and
supplied to_the output device so that their 10 reproduction is
reserved. Te@ishefes@ftPrevheusipndeseribedrivspomeeetion with Measuree
predeternin?d nugber _to be witten in one output buffer are |eft as "tone
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gquantity corresponding to 1.7/10 of the "predeterm ned
primary tone generator register. In the event that the
control parameters are stored into the secondary tone
generator register, a reservation is made, in a predetermined
reservation area of the primary tone generator register, for
10 damping (rapid attenuation of a tone volume envelope) at such
timing corresponding to the occurrence time stored in register
T™.
At step S35 following step S34, a calculating order
across all the tone generating channels assigned to the tone
15 generation is set such that the tone generating calculation
begins with the channel assigned to generate a tone of the
last note-on occurrence time and ends with the channel
assigned to generate a tone of the earliest note-on occurrence
time, i.e., that the channel assigned to generate a tone of
20 the last note-on occurrence time has priority over the other
channels in the tone generating calculation. After step S35,
the CPU 3 returns to the main routine.
Fig. 11 is a flowchart illustrating an example of the
note-off event process. At first step S41, data indicative
25 of the note number of the note-off event, tone color selected
for the performance part associated with the note-off MIDI
channel and occurrence time of the note-off event are stored

into respective registers NN, t and TM. Then, at step S42,



nunber of tone data to be witten in one output buffer” for the current
frame, as denoted by "1.7" in the figure. After this, tone data wll be
formed in response to each internal 25 interrupt signal in the
above-nenti oned manner until the total quantity reaches a predeterm ned
upper limt value SRmax. Wen the determ ned quantity of tone data to be
formed is nore than the upper limt valugr SRrax, appropriate control is

- 40 - made such that the quantity falls at or bel ow the val ue SRnax.
According to the schene of Fi 16 noted above, each tine the internal
interrupt s®gf8RTER dct |‘0§‘E1?n%°irns‘ﬂ%ct3ifoﬁl@ tore ggrapraEdngy ahannedis war e

t ant j f tone data to be f d jn determned, _as a function of
aI gﬁ;nt ?t 3%?%%’%%8&9 PR B8 Wﬁng tt‘ﬁa?o%?ﬁesﬁ%?‘?ﬂ iRRegisteY i nit

such that too Juehdd Whaihld: Mok SREMNQCY, LOCekangq oen %at'q,%geapl-to

processi ng, hen processing I's executed’to o

the determmgelqtmétqu Vit i 0eES SLABrOXREhedrb SESHRUGE Leherach

internal interrupt signa
5 primary and secondary tone generator registers for the tone

generating channel of the number stored in register i (CHi),
a reservation is made for note-off operations at timing
corresponding to the occurrence time stored in register TM,
at step S43.

10 Referring back to step S5 of Fig. 8, if triggering
factor 2 (i.e., generation, by the software timer, of an
internal interrupt signal activating the tone generator
section) has occurred, the CPU 3 executes "tone generator
processing [" at step S8 and goes to step S9 in order to

15 visually present predetermined conditions, such as the
computing capability of the CPU 3 and volume level of each
generated tone, on the panel screen of the display. Then,
the CPU 3 loops back to step S3 to repeat the operations at
and after step 3.

20 Tone generator processing | forms part of the above-
mentioned tone generator section. As shown in detail in Fig.
12, at first step S50, the CPU 3 subtracts, from a current
time GT, an input time ST of one of MIDI messages for which
the tone generation has been completed last and then sets the

25 value of the subtraction result as a delay amount OR (this
amount OR represents a quantity of tone data that have not
vet been formed by the current time although they should have

been, which is expressed in a corresponding time length). At



left-unformed tone data will be forned in a progressive manner. Nanely,
the schene of Fig. 16 is identical to the schenmes of Figs. 5 and 6 in that
the tone generating 15 processing is activated in response to each
internal interrupt signal and affords generally the same benefits as _
attained by the schenmes of Figs. 5 and 6; however, the schene of Fig. 16 is
different fromthe schenes of Figs. 5 angg6 in that the Ieft-unformed tone
data are forned progressively in accordance 20 with predetermn ned
functions rather than being fornmed collectively at one tine, and thus
it can attanextni gdepber8§its.a tnanthey-vorde-fbbreG@PUSR carwiiicipr event ed
frombeing used, for a long tinme, exclusively for the tone generating
processi ng B¥Pragsien: whinetinaclgragthat of avtiarge25numiSh| of osampleshen t he
CPU 3 is to _execute the tone generating processing and other processing in
a paral l el F98fi diet? WP t A6r ebps feEmed o hskedliee tuwmrgntoracyiyabiessi ng

ot her than the tone generating grocessing by nmeans of the software tone
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5 formed by the current activation of the tone generator
section) is determined as a function of the delay amount OR.

Fig. 19 is a graph illustrating an example of a
characteristic curve of that function. In this example, the
quantity-to-be-formed SR is set to 10 milliseconds

10 (corresponding to one tenth of the "predetermined number of
tone data to be written in one output buffer") when the delay
amount OR is smaller than a predetermined value, but after the
delay amount OR exceeds a given value, it successively
increases as the amount OR increases. Then, after the

15 quantity-to-be-formed SR reaches a predetermined upper limit
value SRmax within such a range assuring that the tone
generating processing will not take too much time, the
quantity SR is maintained at the upper limit wvalue SRmax
irrespective of a further increase in the delay amount OR.

20 The wupper 1limit wvalue SRmax may, for example, be 20
milliseconds or may be any other suitable value.

Fig. 20 is a graph illustrating another example of the
characteristic curve of the function. In this example, the
quantity~-to-be-formed SR is 10 milliseconds when the delay

25 amount OR is smaller than a predetermined value, but after the
delay amount OR exceeds a given value, it increases stepwise
as the amount OR increases. Then, after the quantity-to-be-

formed SR reaches a predetermined upper limit value SRmax



shift to the other processing to thereby achieve efficient use of the
resources. For instance, with the schene of Fig. 5 the formation 5 of
the left-unformed tone data nay be conducted at the highest speed, but in
the event that many internal interrupt signals fail to be generated
consecutively, a considerably great nunber of tone data have to be forned
when the internal interrupt signal is acggally generated at a tine

i medi ately 10 after such failure. In such a case, the CPU 3 woul d take
along time to execute the tone generating processing by neans of the
sof t war e t owdthénerauch nodutandgSMamstirhenyre thandsthe btonsedgenxetasingl y
for the tone generating processing. Thus, there is a possibility that when
t here occur Braagssingoiild 1@t takegeeo pucketimpg theviqwantiduerSR is
priority than the _tone g;neratin processing by the software tone
gener at or nBatNEaERRA ffke tRPUUPDET %ﬁﬂ%?ﬁﬂ?<§ggﬁﬁe¥#¢ﬁ$HQﬁﬁ#VQw@%ra
processi ng tone data to be fornmed per unit tine

ropptly. |If the, nunber 0
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multiple of 10 milliseconds but may take a wvalue of a
multiple of 10 milliseconds plus some fraction. As a result,
the quantity of tone data that are formed by one execution of
10 "tone generator processing I" is not necessarily an exact
integral multiple of one tenth of the "predetermined number
of tone data to be written in one output buffer" (one
processed unit), but may be a quantity corresponding to a
multiple of 10 milliseconds plus a fraction as previously set
15 forth in connection with the example of Fig. 16. The tone
generator processing [ of Fig. 12 executes the tone
generating processing in a manner as shown in Fig. 16.
Therefore, even when the internal interrupt signal (activating
instruction) is not generated at some of the predetermined
20 points in one frame, the "predetermined number of tone data
to be written in one output buffer" can be efficiently formed
in total only through the operations executed at the other
activating times when the internal interrupt signal is
actually generated. This arrangement reliably avoids an
25 unwanted hindrance to not only the tone generating processing
but also other processing.
At step S52 following step S51, a tone forming area for

the quantity-to-be-formed SR starting at time ST is set in one



to a case where the schene of Fig. 16 is enployed. 25 ~ By the way,

if many internal interrupt signals fail to be generated |eaving a great
nunber of tone data unformed, the tone data form ng operations m ght not be
conpleted in every assigned tone generating channel at one or nore

subsequent - 42 - activating times where the interrupt signal is
actual |y gener at ed. Therefore, in Meas@oe-1, it is desirable that
formati on of the tone data be achieved by appropriately reducing the nunber
of the tone generating channels to be used 5 for that purpose. The
nunber of sB&h tRfe tat PHSfEﬁﬁnr@FEe]f obbénr cHesd ireservest ednesthen

t he schene of the case o i n_other cases where the
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| eft-unformed tone data are to be’ formed pronptl
5 channels to be used for forming tone data may be determined

as a function of the delay amount OR. Fig. 21 is a graph

illustrating an example of a characteristic curve of that

function. According to this example, if the delay amount OR

is below a predetermined value, then the number CHmax of the

10 channels assigned in the note-on process of Fig. 10 is

directly set as the number of the tone generating channels to

be used for forming tone data. If the delay amount OR is not

below a predetermined wvalue, then the number of the tone

generating channels to be used for forming tone data is set

15 to be smaller than the number of the assigned channels CHmax,

so that it is possible to reduce the necessary time for one
execution of the tone generating processing.

At next step S54, the channel number of the +tone

generating channel given the first place in the calculating

20 order set at step S35 of the note-on event process is stored

into register i, and start pointer sp is caused to point to

the last input time ST. Following this, a first reservation

(such as reservation for pitch bend, note-off or damping)

within a period from the start pointer sp to the current time

25 GT is detected at step 855 by reference to the reservation

area in the primary tone generator register for the tone

generating channel designated by register i. Then, a further

determination is made at step S56 as to whether or not any



<Measure 2> 15 According to this neasure, there are provided, as the
tone generator register for each of the tone generating channels, a first
regi ster (primary tone generator register) for storing paraneters to
control current tone generating processing assi gned when the channel is not
In use or 20 avail abl e, and a second register (secondary tone generator
register) for storing paraneters to coatgpl- new tone generating processing
assi gned when the channel is still in use for the current tone generating
processing and hence unavailable for the new tone generating processing. As
the 25 toFeSgEYREi®Brhasghbeerrdetestedsed for the tong gene{atlng
channel, the pripary tone generator register is selected unti
predeterninedpti£?n6W§WQ¥ tlQhEhﬁeﬂfgéﬁ@a§éN§n%ﬁrﬁF%Fo?@@sim&eaﬁRPQhet
secondary ton eperator_register is - 43 - selected_after the timnpg to
L deets 3 > \iha
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start the new T oI
new tone gepgi@lyifion is executed and the start pointer sp is advanced

5 to point to that time at step S57. As set forth above, the
tone generating processing reads out waveform data from the
RAM 5 at a rate according to the control parameters stored in
the tone generator register. The read-out waveform data are
then subjected to tone color control (filtering arithmetic
10 operation), wvolume control (multiplication by tone wvolume
envelope data), modulation control of pitch, color, wvolume,
and effect impartment in accordance with the control
parameters, so as to create tone data. The resultant created
tone data is accumulatively added to the data having been so
15 far stored in the output buffer.

At next step S58, the content of the detected
reservation is stored into the tone generator register so as
to carry out the reserved content. For example, if the
detected reservation is for note-off operations, the note-off

20 event data is stored into the primary tone generator register
for the tone generating channel so as to start a release of
the tone volume envelope. If the detected reservation is for
damping, the tone generator register to be used for the tone
generating channel is changed from the primary to the

25 secondary as noted earlier in connection with Measure 2 after
completion of the damping, i.e, after the tone volume envelope
level has decreased below a predetermined level. Conversely,

the damping may be performed on the primary tone generator



processing is assigned to one of the tone generating channels 5 still in
use for the current tone generating processing, the new tone generating
processing can be i medi ately furni shed or prepared in the secondary tone
generator register while securing continued execution of the current tone
generating processing in the channel using the primary tone generator 10
register. In this way, it is possible 1goprevent any tine delay in the
tone data formation that would otherwise result froma tine delay in
preparing the new tone generating processing. <Measure 3> 15

Accordi ng t crediisterafileg; thepltonegl gepevhtout pegisterfete ke aigpdficdedhen
the RAM 5, and reproduction fromsone of the output buffers is reserved in
the output denecOPRerRrtingt fbaprelyifi haggethErhetRRnBEANBFY s&Ct ithe

at 20" 8 prERER o) AR N A (ST 08 &R SO0 SRt
B oeeest 00, S35 1D P B EAESHOL S, % AR e B
and reproducty gy fc%&%aé}% '}%té)-%rf.‘&vé}*‘é Tl o S rfe e Ol into
previ ousl y-reserve reproduction fromthe output buffers 1s conpleted.
Thus, this the secondary tone generator register, a reservation is made,
in the reservation area of the primary tone generator
register, for damping at particular timing corresponding to
the occurrence time stored in register TM. Accordingly, once
10 the timing corresponding to the occurrence time stored in
register TM arrives, the tone generating processing using the
secondary tone generator register will be commenced after the
damping.
After step S58, the CPU 3 loops back to step S55 to
15 repeat the operations at and after step S55.

If answered in the negative at step 856, i.e., no
reservation has been detected, or once the determination has
become negative due to the operations of steps S57 and S58,
the tone generating processing is executed at step S59, in the

20 channel designated by register i, for the period from the
start pointer sp to the current time GT. This completes the
writing of tone data into the tone forming area for the
quantity SR previously set in the output buffer at step S52.

Then, at step S60, a determination is made as to whether

25 the tone generating processing has been completed for all of
the tone generating channels having been set at step S53. If
answered in the negative at step S60, the channel number of

the tone generating channel given the next place in the



measur e expands such a tolerable range of tine delay in the activation of
the tone generator section that can prevent a break in a stream of
gener at ed tones. - 44 - Fig. 7 is a diagram explanatory of exenplary
details of Measure 3, according to which reproduction from four output
buffers is reserved in the output device prior to the activation of the
tone generator section. The nunber oft B3 -reserved output buffers at the
start of franme F1 is "3" now that reproduction fromone of the four output
buffers has been conpleted in the preceding frame, but during frane F1, the
nunber of resdrudatingpordenfissared A@rceageaw‘éer@ @é@a§§érFoPﬁ’h{‘F%ﬁ of
the "predetermned nunber of tone data to be one_. out put

buffer” ha§P BEeRetcERpPOLiBE t&thPebPBHGCFFBﬁ ?Fon?FhEtSEtEGE bufPEP- has
Do e LB Ve U2Sh, T, hEREL L85, RebeB LRE opErhgEpRgsat °
LB Cr" T SE D Ehst I L g S DB nd A ed e 1h e
5 affirmative at step S60, or once the determination has become
affirmative due to execution of the operations at and after
step S55, the CPU 3 terminates the tone generating processing
and moves on to step S62. In the above-mentioned manner,
tone data obtained by accumulating the tone data of the

10 individual tone generating channels (with or without desired
effects imparted thereto) is accumulatively written into the
tone forming area, for the quantity SR, of the output buffer.
If the number of the available tone generating channels
ascertained by the CPU 3 is smaller than the number of the

15 assigned tone generating channels, the number of tone
generating channels to be used for simultaneously sounding
tones is reduced by omitting the tone generating processing
for one or more tone generating channels given later places
in the calculating order.

20 At next step S63, the start time ST added with the
quantity-to-be-formed SR is set as new time ST. This new
time ST is used as a calculation starting point for next
execution of "tone generator processing [". After this, at
step S64, the magnitude of the tone volume level for the tone

25 generating channel corresponding to the current note-off event
is lowered to zero in a gradual manner. At next step S65, a

determination is made as to whether or not formation of the

"predetermined number of tone data to be written in one output



to "4" because formation of the predeterm ned nunber of tone data to be
witten in the next output buffer has been conpleted and reproduction from
t hat out put buffer has been reserved. 20 After that, the nunber of
reserved output buffers is decreased to "1" at the end of franme F4 because
no tone data is fornmed due to a tine delay in the activation of the tone
generator section. Then, in frame 645, tone data are reproduced
fromthe |ast one of the reserved output buffers 25 (i.e., the output
buffer reserved during frame 2); occurrence of the reproduction reservation
made duri ngPHFERR" 2PRE heRB: SPMRLetatea At \iReEeERd ohh Whel Aetethver®Y s

denot ed by hal f - ne_ dot shing.. During franme F5, the _ nunber_ of reserved
- 45 - out pl e%u?%grstﬂg C%@r g‘a YIps S50 hkhe  BalnoFREELBR - of ANGe the

" ' . . b ' [ t buffer" h
peen conpl TSP AeELRh  HEEEREE BARHRYINR i SheRe S’ Boen PHRGod.
Simlarly, p@ff&F iéag%céuptlgﬁ FromWHE o Olef CSEEYNGH BUERHEPYHLSY Sl

i ncreased and decreas
5 coupled thereto in "tone generator processing 0" as will be

later described, and its reproduction is reserved in the
output device at step S66. After this, the CPU 3 returns to
the main routine. The operation of step S66 corresponds to
outputting, to the 0S's second interface IF2 ("WAVE out API"),

10 tone data formed by the software tone generator SSM in Fig.
1 or 2.

As modifications of the operations of steps S50 and S51,
the result of the subtraction "GT - ST" may be directly set
as the quantity SR. In such a case, if the tone generator

15 section is not activated due to a failure of generation of
the internal interrupt signal at any of the predetermined
points, all tone data left-unformed at that time are formed
at a next one of the points when the internal interrupt
signal is actually generated, as in the Fig. 5 example of

20 Measure 1. Therefore, even when the internal interrupt signal
(activating instruction) is not generated at some of the
predetermined points in one frame, the "predetermined number
of tone data to be written in one output buffer" can be
efficiently formed within the same frame only by the

25 operations executed at another one of the points when the
internal interrupt signal is actually generated. This
arrangement reliably avoids an unwanted hindrance to the tone

generation. As previously mentioned in connection with



In response to conpletion of the reproduction and occurrence of the
reproduction reservation. In the above-nentioned manner, even when the tone
generator section fails to be duly generated at a 10 pr edet er m ned
activating tinme due to an influence of the other processing, tones can be
appropriately reproduced with no delay as |long as the the tone generator
section is activated and reproduction £rgganother output buffer is duly
reserved before the prior reserved reproduction fromthe four output 15
buffers is conpleted. If the formation of tone data to be witten in the
next output MBaspEe ils cEgl deél-unfrrged pare datda mewnbewdormede Hunder
of reserved qutput buffers is "4", reproduction reservatiagon of the out put
buffer is nHdetEAPytef: Mg ki 8n T e Rhdletesbn tineshaheuntheo

that 20  the nunber, d t _buyff d t d 4" Th
out put buf { 4PSSFREC LRERTEURE TR LT PHEPAL RANFETE eddS Ut feiifre 3

acti vati on 5t PRABPASHe eniy s R PRIt i Bio End ok e
data 255 couplehelyvheirgd tie! 18 ORE IR ARl Section, and one or nore
spare output buffers to bé used in case the quantity of the tone data
actually formed ridhert,0Rs @emeEalracat@ehnl @ the operation at step 53,
the number of the tone generating channels may be determined
in the following manner. First, on the basis of a
calculating time necessary for forming the gquantity SR of tone
10 data in a given +tone generating channel and a current
available calculating time EJ (i.e., time obtained by
subtracting a calculation starting point KJ when the current
internal interrupt signal has been actually generated, from
a calculation ending point SJ when the internal interrupt
15 signal is to be generated next), it is ascertained how many
of the tone generating channels are available to form the
quantity SR of tone data. If the number of the available
tone generating channels ascertained by the CPU 3 is not
smaller than the number of the tone generating channels
20 assigned in the note-on event process, the number of the
assigned tone generating channels 1is directly set as the
channels to be used for the tone data formation. If, on the
other hand, the number of the available tone generating
channels ascertained by the CPU 3 is smaller than the number
25 of the assigned tone generating channels, the number of the
available tone generating channels is set as the channels to

be used for the tone data formation. Namely, as previously

explained in connection with Measure 1, the formation of the



exceeds the "predeterm ned nunber of tone data to be witten - 46 - in
one out put buffer”. The total nunber of the output buffers is "6" in the
exanple of Fig. 7. However, the spare output buffers may be omtted if the
tone data formation is conpul sorily stopped when the quantity of the
actually forned 5 tone exceeds the "predeterm ned nunber of tone data to
be witten in one output buffer". Thus,. ggtotal of five output buffers wll
be sufficient in the exanple of Fig. 7. <Measure 4> |In case no output
buffer is reserved in the output 10 device within a predeterm ned tine
peri od, tonépdedetéomined oweber iohdoneadathotd dodhard tiesn 1i80ape R eEPBYy
that time is conmpulsorily discontinued, and new arithnmetic formng
oper ati ons buéferlsés secyEginbWi rAduehBIdERG BEPBPRaPT ytRe HeRPrRel$ oFOt hat
time. According tQ this peasure, even when 15 t he reproduction

reser vat i onPBaHSg8t £RE ﬁE&etPHetPﬁ§aaﬁ&rpﬁﬁ§°8'tenporapy di sorder is caused

[ generated tongaethaBke HO0F LY MBLLEN RAoPC MRS )Y 415t I fhe g et
5 factor 3 (i.e., detection of a processing request from the
output device) has occurred, the CPU 3 executes "tone
generator processing [I" at step S10 and goes to step Sl1l1 in
order to visually present predetermined conditions on the
panel screen. Then, the CPU 3 loops back to step S3 to
10 repeat the operations at and after step 3.

Tone generator processing I also forms part of the tone
generator section and is executed in response to a request
generated by activating the output device (i.e., an external
interrupt process by the DMA controller 11). This tone

15 generator processing [ corresponds to processing of Fig. 1 or
2 that relates to tone data transfer from the software tone
generator SSM to the second interface IF2 ("WAVE out API").

Fig. 13 is a flowchart of the external interrupt process
carried out by the DMA controller 11 each time one sample of

20 tone data is sent to the D/A converter 12, i.e., at a
reproduction sampling frequency of the D/A converter 12. By
virtue of this external interrupt process, tone data for one
frame stored in the output buffer are read out, one sample
per reproduction sampling cycle, from the output buffer and

25 supplied to the D/A converter 12. This corresponds to the
processing of the output device in Fig. 1 or 2. More
specifically, this corresponds to the processing of the output

device where it receives the tone data from the software tone



Is mnimzed. In the exanple of Measure 3 of Fig. 7, reproduction 20
reservation of the output buffer having stored therein tone data fornmed by
the tone generator section is shown as being nade by the time when
reproducti on has been conpleted for every output buffer previously reserved
in the output device. However, in case the activation of the tone generator
section 25 is greatly del ayed by an kné7uence of the other processing, it
is possible that the reproduction reservation of the output buffer having
stored therein tone data formed by the tone generator section is not tinmely

made even i Fe2STRERE WAMr ¥ia the4?e°°PﬁeHW§&§§ |Pﬁ?fQWWﬁWﬁMQ%F;ﬁ%%Wbust

d t uff b t reseryv
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and Measur e 4, ggbigatlon arlthnetlc formng 5 operations of tone
data that sﬁ u?%rﬁave egen conpl eted before the nunber of reserved out put
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reservation
5 supplies the D/A converter 12 with one sample of tone data

that is pointed to by pointer pp and being currently read out
from one of the reserved output buffers pointed to by buffer
pointer PB. Then, the pointer pp is incremented by one at
step S72, and it is determined at step S73 whether or not all
i0 the tone data in the output buffer have been completely
supplied to the D/A converter 12, i.e., whether the necessary
reproduction process has been completed for the output buffer.
If the reproduction process has not been completed for the
output buffer, the process returns to the main routine.

15 If, on the other hand, the reproduction process has been
completed for the output buffer as determined at step S73, a
further determination is made at step S74 as to whether any
other output buffer is reserved for reproduction. This
corresponds to the operation of the output device accessing

20 the second interface IF2 ("WAVE out API") via the 0S, i.e.,
operation involwving the use of the O0S.

Even when no other output buffer, having written therein
tone data formed by the tone generator, is reserved due to
the fact that the activation of the tone generator section is

25 delayed by an influence of some other processing, an
affirmative determination results at step S74 until the
reproduction from all the already-reserved output buffers

(those reserved in the initialization of Fig. 9 or in "tone
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a tolerable range of time delay in activating the tone

generating processing which can avoid an unwanted break in a
stream of generated tones. At step S76 following step S75,
a request is issued for returning to "tone generator
processing " the output buffer for which the reproduction of
the tone data has been completed (reproduction-completed
output buffer). Then, the process returns to the main
routine.

If the activation of the tone generator section is
greatly delayed, there may arise a situation where no output
buffer, having written therein tone data formed by the tone
generator, is reserved even in a particular frame where the
reproduction from all the reserved output buffers has been
completed. In such a case, a negative determination results
at step S74, so that the DMA controller 11 branches to step
S77 to mute output signals of the D/A converter 12 so as to
prevent noise sound. At next step S78, a reset request is
issued to "tone generator processing " for resetting the
tone generation. Then, the process returns.

Fig. 14 is a flowchart of an example of "tone generator
processing II" executed on the basis of the return request
issued from the output device (step 876 of Fig. 13). The CPU

3 receives the output buffer returned from the output device



- 48 - Following this, the output device is initialized at step S23, and
reproduction fromthe cleared output buffers (here, "four" output buffers
as in the exanple of Fig. 7) is reserved, at step S24, in the output device
prior to the activation of the 5 tone generator section as mentioned
earlier in connection with Measure 3. Then, at step S25, the output device
Is activated by the DJA converter 12 genggating and passing a reproduction
sanpling clock pulse to the DVA controller 11, and the software timer is
activated to generate an internal interrupt 10 signal. for activatin

the tone gedbr 8tep S8dct g therrpat esthep| 8824 hd ts GRS tThferretu gned

Lo Joner ot ol Lot Shne ! BLeLiuel. sigpel DY e, G S SheHLN dfrthoy .
solther {|USeb3agaPBH Srll S50 SLRTLAL HiRk bR SE00! AR, e,
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l.e., a linking together the output buffers in a series so as to
treat them as a single largér buffer. This eliminates the
need to provide these output buffers in physically neighboring
areas of the RAM 5. At next step S83, data indicative of the
time when the return request has been issued is created, so
10 as to adjust the operation of the tone generator section by
ascertaining presence or absence of a difference in
operational timing between the tone generator section and the
output device. After step S83, the CPU 3 returns to the main
routine.
15 Fig. 15 is a flowchart of an example of "tone generator
processing [I" executed by the CPU 3 on the basis of the reset
request issued from the output device (step S78 of Fig. 13).
First, at step §91, the CPU 3 clears all the data from the
tone generator register for each of the tone generating
20 channels and from the output buffers in the RAM 5. Then, as
at steps S23 to S25 of the initialization process of Fig. 9,
the output device is initialized at step S92, the four output
buffers cleared at step S91 are again reserved for
reproduction at step S93, and the output device is activated
25 and the software timer is started at step S94. Then, the CPU
3 returns to the main routine.
In "tone generator processing [" based on the reset

request, when no output buffer is reserved in the output



20 intervals of 10 mlliseconds, as in the exanples of Fogs. 5, 6 and
16). As set forth previously, the internal interrupt signal is not
necessarily generated by the software tiner at each activating time (i.e.,
every 10 mlliseconds); namely, when the CPU 3 is engaged in processing by
the operating 25 system or other software processing, the internal
interrupt signal (activating instructionygcan not be generated even when
the activating tine arrives. So, according to the enbodinent, a timer flag
is set whenever the tiner 2 counts out passage - 49 - of a predeterm ned
ti me | engt hAe¥irespehRlitRpe gepesatdon hevagat been (exesutead sg fieirséoobls) , a
current state of the tinper flag%;s checked once the CPU 3 becones avail abl e

for the proCB88i PP tRT sAAeTIR t de GéFePratépued, epmpulgerily ?nd )
[ ' ' t ed, .i d ith the cuyrrent state of. the
[er TPt S gBRbal e EACEALRCLAL SRSATIRTRR A Bl UL Sot oSt gl o
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i nstruction) is gé%erate an %Tu;%lga s oSt %%us} one TRt ernarvt
interrupt Measure 4. Then, new tone generation is commenced by

activating the tone generator section on the basis of another
MIDI message supplied thereafter. Thus, even when the
reproduction reservation is not made in time and a temporary
disorder is caused in the tone generation, stable tone

10 generating operation can be promptly restored and hence
unwanted noise can be minimized.

Referring back to step S5 of Fig. 8, if it is determined
triggering factor 4 has occurred, the CPU 3 executes a process
responsive to the detected request, such as a process

15 responsive to an input event on the panel screen of the
display 9 or to a command input event on the keyboard 8, at
step S12. Then, other information corresponding to the
process is visually presented on the panel screen at step S13.
After this, the CPU 3 loops back to step S3 to repeat the

20 operations at and after step 3.

Finally, if triggering factor 5 (i.e., detection of a
main routine ending command on the keyboard 8) has occurred,
the CPU 3 executes a predetermined process to terminate the
main routine at step S14, causes the panel screen to disappear

25 from the display 9 at step S15 and then returns to the main
routine.

In the event that two or more of the above-mentioned

triggering factors have simultaneously occurred as determined



10  signal is generated whenever the CPU 3 is determ ned as available for
the processing of the software tone generator during the predetermned tine
| engt h corresponding to one activating tinme (e.g., 10 mlliseconds).
However, whenever the CPU 3 is determ ned as not available for the
processing 15 of the software tone generator during the predetermn ned
time | ength corresponding to one activatthg-time (e.g., 10 mlliseconds),
the CPU 3 does not check the tinmer flag and hence the predeterm ned ?:ne

el apses with_no internal interrupt signal generated and then a next ag
will be set ?tZ%teptsl%t a‘?l‘se C?ﬂ?‘?arﬁlé?"r%gaq PHFPTSPERRI SP sAfR FerEERd n
response to.the preceding flag. Ln this way, the internal interrupt signa
(activati ngf?lﬁs?’?ﬂ%?fe'%h)g?saﬁ%?n#e’&%s%’é‘??}" yéﬁe%é? a’?%‘élt%r’f ¢ %%'lt) Yfting
time, as il r L. i d Eurt her

under stood Trom ThEysuisTiactn d Mt chigpe sbilEac®orcBY (Creart ek r upt

signal s generaygdrLAGSEEELLYE! ¥ Bha SEVRAGL ég&&éyaﬁ%mrﬂﬁs s%ﬁaé“%s alyays
accurately fixed to the predetermned tinme léength (e.g.,” 10 mIT1 seconds)
but maysvargs virtually represent task management in pseudo multitask
processing; however, in effect, when a certain process is
being executed on the basis of occurrence of any of the
triggering factors, the process may be discontinued, by
occurrence of another triggering factor of higher priority,
10 to execute another process. For example, when "tone generator
processing I" is being executed in response to occurrence of
triggering factor 2, the MIDI process may be executed by
interruption due to occurrence of triggering factor 1.
For example, if triggering factor 4 or triggering factor
15 5 occurs while tone generator processing | is being executed
in response to occurrence of triggering factor 2 of higher
priority, the activation responsive to triggering factor 4 or
triggering factor 5 must be waited until termination of one
execution of tone generator processing | responsive to
20 triggering factor 2. However, by appropriately determining
the quantity-to-be-formed SR per activation as a function of
the delay amount OR in accordance with a proper function as
shown in Fig. 19 or 20, one execution of tone generator
processing [ responsive to triggering factor 2 can be
25 prevented from taking too much processing time, so that it is
possible to significantly reduce the possibility of the
processing responsive to lower priority being disturbed.

A description will be given below about an embodiment



- 50 - to be slightly shorter or longer than 10 mlliseconds. Because, the
exact generation timng of the internal interrupt signal (activating
i nstruction) depends on the processing condition of the CPU 3 (i.e., on
when the CPU 3 checks the 5 timer flag). Referring back to Fig. 8, after
the initialization process, there is visually presented, on the display 9,
a panel screen (not shown) for indicating2warious information correspondi ng
to the progression of the processing and for 10 bei ng used by an user or
human operator to enter various control data wth the nouse 7, at
step S2. copeeansrdirgrbautbrofYFrem sepéigrratiipnt obufiers2are reserved
in the output buffer by the ipitialjzatio Fig. .9 ripr to_the actiyvation
of the tone genotBt SRSsERPRoRReFRe he, prstab raataguFatfon St bfare 1he
reproducti o p [ - ved faour f S._an
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to 21 may be applied. Of course, the arrangements described
above in relation to Figs. 17 and 18 are not applicable to
this case. Further, in +the case where the system
configuration of Fig. 2 is employed, the manner in which the

10 triggering factors are checked at step S3 of Fig. 8 is
different from the foregoing. Namely, in this case,
occurrence of the following triggering factors is checked:

Triggering factor 1: Supply of a MIDI message via the
"MIDI API" interface (e.g., supply of a MIDI interface from

15 the application software APS1 (Fig. 2);

Triggering factor 2: Generation, by the software timer,
of an internal interrupt signal activating the tone generator
section;

Triggering factor 3: Detection of a processing reguest

20 from the output device;
Triggering factor 4: Detection of another request such
- as an input event on the panel screen of the display 9 or a
command input event on the keyboard 8 (excluding a main

routine ending command); and
25 Triggering factor 5: Detection of an input event of a
main routine ending command on the keyboard 8.

Triggering factor 2 to triggering factor 5 are the same

as the counterparts in the case where the system of Fig. 1 is



where informati on based on a supplied MDI nessage is presented on the
panel screen of the display 9, it is desirable to defer the display timng
by the total time |ength 25 of the franmes corresponding to the nunber of
the previously- reserved output buffers. At step S3 followi ng step S2, the
mai n routine checks occurrence of the follow ng activating or triggering

factors: - 51 - Triggering factor 1 fipply of a M DI nessage via the
APl of the software tone generator nodule (e.g., the "SGM M DI out API"
which will be hereinafter referred to as a "software tone generator API");
nanel y, supghployed, it treigggeingofipetort heigpPlfEQERBR- APSL or APS2 (see

Fig. 1); Triggering factor 2: Generation, b% the software tiner, of an
internal interrupf sPERELOUWBLYvAALR{ .t hdnt ofRegeiRTat &P%&tgﬁﬁ (Y ¥HIUgh

the internal interrupt signal is set tp be erafed_ at predeternm ned
i nterval s, ‘F‘?’éf?-g‘iﬁaﬁ'?'PPi Ltofdd- lé 19t SHR-OXRSt- ﬁ%@es?ggﬁlare fane

( : Yy~ “generat ed
accurately gg}lerg 8? r%gtq éeéﬂ'l niesd fnrgtegl\i%lds )i’n the operating system and

5 programmed to identify that a MIDI message has been supplied
via the first interface IF1l ("MIDI API") of the operating
system. Thus, the software tone generator module SSM, which
is itself application software, operates as a driver on the
0S and receives +the MIDI message supplied from other

10 application software APS1 via the first interface IF1l ("MIDI
API"). Then, in the above-mentioned manner, the software tone
generator module SSM executes the tone data forming operations
based on the received MIDI message by the tone generating
processing being activated in response to generation of the

15 internal interrupt signals (activating instructions). The
resultant formed waveform data are output, frame by frame, via
the second interface IF2 ("WAVE out API") of the 0S, as
mentioned above.

A description will be given below about an embodiment of

20 the present invention corresponding to the system
configuration of Fig. 25.

Fig. 26 is a flowchart illustrating a main routine of a
sound module SGM-MM executed by the CPU 3 in a case where the
system configuration of Fig. 25 is employed. In the main

25 routine, operations of steps S301 and S302 similar to those
of steps S1 and S2 of Fig. 8 are performed, and then the
following triggering factors are check at step S303:

Triggering factor 1: Supply of a MIDI message from



Triggering factor 3: Detection of a processing request fromthe output
device; Triggering factor 4: Detection of another request such 15 as an

i nput event on the panel screen of the display 9 or a command input event
on the keyboard 8 (excluding a main routine ending comvand); and Triggering
factor 5: Detection of an input event of a main routine ending command on

t he keyboard 8. 20 After step S3,74 determnation is nade at step $4
as to whether or not any one of the above-nentioned triggering factors has

occurred. |If answered in_the nﬁggtive at step S4, the main routine reverts
to step S3 PRPHIGRFLPR Febbuare MPHhERT0RP ovigt epEisst ahutaufarei IFhany

f th - " ' d triggering factors occurs. Upon
gggufrehcg gFﬂgﬁ§ %ﬁé 5?23 ég S?Sgg%gag ?agfors, an affirmative o
det I nat i . t and the main routine noves on to ste
e oher bBeRhad! HcBbrogd bASeTRLIGhoIbLTE, [OUCP. 0L O FASP

triggering 6§C$ﬁrfhé&?hé&“%ﬂ%é?%uﬁﬁ“ﬁlgdgifBSEEOBtQRSr%Béogéne generator

5 section;

Triggering factor 3: Detection of a processing request
from the output device:

Triggering factor 4: Reception of waveform data from the
application software APS1 via a third interface IF3 (Fig. 25);

10 Triggering factor 5: Detection of another request such
as an input event on the panel screen of the display 9 or a
command input event on the keyboard 8 (excluding a main
routine ending command); and

Triggering factor 6: Detection of an input event of a

15 main routine ending command on the keyboard 8.

Triggering factors 1, 2, 3, 5 and 6 above are the same
as triggering factors 1, 2, 3, 4 and 5, respectively, that
are checked at step S3 of Fig. 8 in the case where the system
configuration of Fig. 2 is employed, and triggering factor 4

20 is a new addition in the case where the system configuration
of Fig. 25 is employed.

Fig. 27 is a flowchart of an exemplary program of the
application software ASP1l which give rise to triggering factor
4. This program is activated or triggered at event timing of

25 multimedia data being reproduced, and it is determined at
first step 8401 which of waveform data generation event, MIDI
message generation event and generation event of other sort

of information the data is.



are perforned depending on the triggering factor detected. The foll ow ng
par agraphs descri be exenplary prograns of other software which give rise to
triggering factor 1, with 5 reference to Figs. 17 and 18. Fig. 17 is a

fl omchart of an exenplary programof the fake M DI driver FMD shown in Fig.
1. This programfor the fake M DI driver FVMD is triggered when a M Dl
nmessage is supplied fromthe applicationysoftware APS1 (Fig. 1) to the 10
first interface IF1 (i.e., "MD API") of the operating system (0OS). Assune
here that the M DI nessage supplied fromthe application software APS1
(Fig. 1) contai ndfMible cavant| isundewaveformatdaiip i aemerdthgrayest channel
nunbers 1 - 16. At step S220, an operation is perfornmed for convertlng t he

15 ]lc\/IDI cﬁaﬁﬁéllnlﬂeﬁb%F $Hep @%Dlt}}ﬁaﬁé’@?raé‘hmd?otf’h@ £Pr3¢02 in
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channel s of numbers 17 - 36 are allocated to thé other application software

APS1 invol vhagethend8caef st86 $40E, the program proceeds to step S403 in
order to output the generated MIDI message to the first
interface IF1 ("MIDI API") (Fig. 25). If the event is a
generation event of other sort of information (such as image

10 data), the program proceeds to step S404 in order to output
the information to an interface API that is possessed by the
operating system in correspondence with the sort of the
information.

Referring back to Fig. 26, the operations at and after

15 step S304 are similar to the operations at and after step S4
of Fig. 8, except that a WAVE process of step S312 and
display of step S313 based on the WAVE process are added and
tone generator processing I of step S310 are partly different
from the counterpart of step S10 of Fig. 8.

20 In the event that two or more of the above-mentioned
triggering factors have simultaneously occurred as determined
at step S305, triggering factor 1 has highest priority and
priority of the other triggering factors 2 - 6 are set to
become higher in the order of triggering factor 4, triggering

25 factor 2, triggering factor 5 and triggering factor 6.

Fig. 28 is a flowchart illustrating an example of the
WAVE process based on the occurrence of triggering factor 4.

At first step S501 in this process, a time period At, from a



M DI driver FNVMD. Therefore, if the software tone generator 25 I's used
only in connection with the application software APS 1 involving the use of
the fake M DI driver FMD, the operation of step S220 may be om tted. At
next step S221, an operation is perfornmed for - 53 - transferring, to
the software tone generator APl (APl of the software tone generator nodul e
SSM, the M DI nessage that has been recegvwed via the first interface IF1l
(i.e., "MD API") and undergone the channel nunber conversion at step
S220. By 5 detecting the MD nessage transfer, the software tone
gener at or nBalE RENJBt BPENER EVERt HE aesrdvashtiramedthe i aprkiepticrt or

1 has taken pkpcere Ty 14 12 Lowehi ool o0 el B MELGRET |
D sorL e B e, 8T BhEE e "sould ePhentolRE B, Bohe SRR o
software AP5PocebsPh§P 1533 rlpdHifl Ad Ahd ¥ Al Tkl O 14 W Lddiked ©
5 (a time delay in the tone generation by tone generator
processing | is tolerated within the limit of the time period
At, and the tolerated time delay is of a length corresponding
to about four frames), is added to current time and written
into a predetermined register WT provided in the RAM 5.
10 At next step S502, waveform data supplied from the
application software APS1 via the third interface IF3 of Fig.
25 are written into a wave buffer WB along with the time data
stored in the register WT.
Then, at step S503, a determination is made as to
15 whether a predetermined flag WPF (that indicates a value "1"
when waveform data is being written into the output buffer but
indicates a value "0" when waveform data is not being written
into the output buffer) is at "1" or not. If answered in the
affirmative at step S503, the process returns without
20 performing any other operation, but if answered in the
negative, the process moves on to step S504 in order to
further determine whether the time stored in the register WT
falls within a time range when tone data in the currently-
possessed output buffer is to be reproduced.
25 If answered in the affirmative at step S504, the process
goes to step S505, where the waveform data stored in the wave
buffer WB is written into a specific area of the current

output buffer which corresponds to a reproduction time



tone generator API, a MD nessage relating to the MDI event. 15 By
detecting the MD nessage input, the software tone generator nodule
SSM determ nes that the above-nentioned triggering factor 1 has taken

pl ace. In the above-nentioned manner, triggering factor 1 occurs in
response to the supply of a M DI nessage from 20 ei ther one of the

dedi cated application software APS2 and jHe. application software APS1
conbined with the software tone generator on the OS | evel. The software
tone generator executes the tone generating processing based on the two
appl i cat i onfeblowhng Hheprivies | gtasedg irhetl3® chghstks. W5  Note Titeatv DI
channel nunber conversion nmay be conducted in any other manner than the
above- nent i BpedusEcEhe xawpn bl ty hef cWayeErsn olatrnberke 1wr111‘@9m?yﬂﬁe tfhel—(
all ocated to the application software APS1 involving the use of the fake
M DI - 5‘ﬂaYedrk?‘€’g‘?erFNﬂvaPYe thee WAYE nPRECeRENNE! s TOFPRRSSer §01700e 36
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5 quantity of data capable of being written in one output buffer
(e.g., the quantity of waveform data corresponds to a
reproduction time of about 5 sec), only those of the data in
the wave buffer WB corresponding to leading portion of the
waveform are written into the output buffer. After step S505,

10 the process moves on to step S506 to change the value of the
flag WPF to "1" and then returns to the main routine. If, on
the other hand, a negative determination is made at step S504,
the process returns to the main routine without performing the
operations of steps S505 and S506.

15 Fig. 29 is a flowchart of an example of tone generator
processing I executed in response to a return request from
the output device (step S76 of Fig. 76). In this processing,
operations of steps S601 to S603 similar to those of steps
S81 to SB3 of Fig. 14 are first performed, and then it is

20 determined at step S604 whether the flag WPF is at the value
"in.

If answered in the negative (i.e, if waveform data is
not being written into the output buffer) at step S604, the
processing goes to step S605 in order to check a time range

25 in which the output buffer received at step S601 is to be
reproduced. At next step S606, a determination is made as to
whether the time written in the register WT by the WAVE

process falls within the reproduction time range. If answered



channel nunber conversion as shown at step S220 of Fig. 17 is 5 conduct ed
using the programof Fig. 18. Referring back to Fig. 8, if triggering
factor 1 (i.e., supply of a MD nessage) has occurred as determ ned at
step S5, the M DI process is executed at step S6 and a predeterm ned vi sual
di splay of the received nessage data, 10 such as data indicating for
which of MDI channels the M DI nessage &s- been supplied, is nade at step
S7 on the panel screen. After this, the nain routine | oops back to step S3
in order to repeat the above- nentloned operations at and after step S3. 15
The M DI prb’éegl’se Negrehveat iR 606t henpeoeassind novesodn tyatep
processes bag ﬂ on note-on and note-off event data. Fig. 10 is a flowhart
i |l ustrating (g R e die ﬂ?@%@éloﬁhévﬂﬁYeﬁPBEegétaA@r‘Pmr%li‘agtcé-btm

data i ndic of t ote nu er and velocity of the note- event, part
number 20 aﬁu pgrpoﬁz gbfnﬁs§6b| ﬂ%?hrPH§1H8re oﬁQNIBP ne
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nunber of t%e 25 assigned channel is stored into register
step from the output buffer which are stored therein before the
point corresponding to the time written in the register WT.
At next step S609, the leading-portion data of the waveform
data stored in the wave buffer WB are written into an areas

10 of the output buffer which corresponds to the reproduction
time range following the time written in the register WT.
After this, the processing moves on to step S610 to change
the value of the flag WPF to "1" and then returns to the main
routine.

15 If answered in the affirmative (i.e, if waveform data is
being written into the output buffer) at step S604, the
processing goes to step S611 in order to write, into the
output buffer, those of the waveform data stored in the wave
buffer WB which correspond to the reproduction time of the

20 received output buffer (i.e., those following waveform data
having so far been written into the output buffer). At next
step 8612, a determination is made as to whether or not the
waveform data writing has been completed before the end of the
storage area in the output buffer. With a negative

25 determination, the processing returns to the main routine,
while with an affirmative determination, the processing moves
on to step S613 in order to determine whether waveform data

based on a next waveform data reception event have been



S33, voice data of the tone color selected for the part nunber stored in
register pis read out fromthe RAM5 and then converted into control
parameters (including a pitch- -55- designating frequency nunber FN) for
controlling the tone generator section in accordance with the note nunber
and velocity stored in the registers NN, VEL (Fig. 2). Then, at next step
S34, the control paraneters are 5 storpdl,- al ong with the note-on event
data and event occurrence tinme in register TM into the tone generator
register for the tone generating channel of the channel nunber indicated by
regi ster i,wgbthentiny §§rWéVﬁogEfSﬁroHEPations for timng corresponding to
t he occurrence t reasons far stor%g&sthe event occurrence

Lne. 10 . The
Lime fromregistér FRPFRTEALHR TORESHENR G FE5PSPBI3ar ENaPTRFPEREY AS
previ ousl . GERL! Qe DSt FRYpDE AT e, ULl Lol COREE B WISl drorn

correspondi our TTanes, Dbetween theé not e- occurrence

and the tingphen, tRg-ho0f the SUMATWFFAY IaF 125! UM Yotdbddt b oNih he
basi s of the note-on
5 which the waveform data writing has been completed at step
S611. After this, the processing moves on to step S615 to
change the value of the flag WPF to "0O" and then returns to
the main routine.

If answered in the negative at step S613, the processing

10 goes to step S616 in order to determine whether the time
written in the wave buffer WB along with the waveform data in
response to the next waveform data reception event is after
or within the reproduction time period of the output buffer
or before the reproduction time period (i.e., the time has

15 already passed).

If the time is after the reproduction time period of the
output buffer as determined at step S616, the processing goes
to step S614 in order to perform the above-mentioned
operations of steps S614 and S615.

20 If the time is within the reproduction time period of
the output buffer as determined at step $616, the processing
goes to step S617 in order to clear those of the waveform
data in the output buffer which are located therein before the
storage area corresponding to the time written in the register

25 WT. At next step S$618, the leading-portion data of +the
waveform data stored in the wave buffer WB are written into
an areas of the output buffer which corresponds to the

reproduction time period following the time written in the



event; that is, the start of the tone reproduction is delayed by the tine
correspondi ng to about four franes. It is sufficient that the tone
~generating processing (corresponding to |ater-described "tone generator
processing 1") generate 20 correspondi ng tone data at any optional timng
within a range of the tine difference; that is, a processing tine del ay
within that range is tolerated. Thus, -vw8®hout knowi ng the note-on event
occurrence tinme, the tone generating processing executed at any optional
timng different fromthe occurrence 25 tinme will be unable to generate
t he correspbR@FAEST o¥E- dabfternthige the PEIPREITIRG Ay Rh dimethe main
guestion is_in_use, step S34 stores the control paraneters into the
secondary tﬁﬂ%tb%ﬁérator regi ster rather than the prinmary tone generator

- 56 - register, Fa§tHE§Vi q“ l'é’hge%%lgbﬁ% iﬁefgnge%hi%g%e\ﬁrt&% o %2)%;?%%@ N In

this way, new tone genérating processing can be i 0

the secondapyriffeogerRbabAtplhfdbiilreb Mg %est%ﬁwgin% Gt Eepecuion of

the current”"tone 5 (generating processing in t tone generat1ng ‘channel
using thie processing goes to step S619 in order to write, into an area

following the area in which the waveform data writing has been

completed at step S611, the leading-portion data of the

waveform data stored in the wave buffer WB in response to the

next waveform data reception event, and then the processing
10 returns to the main routine.

By execution of such tone generator processing I, the
waveform data supplied from the application software APS1 is
written, as an initial value, into an area of the output
buffer determined in consideration of the tolerable time delay

15 in the waveform forming processing by tone generator
processing [, before the waveform data formed by tone
generator processing | is written into the output buffer.
Then, in the same tone generator processing [ as shown in
Fig. 12, the waveform data formed for each of the tone

20 generating channels is accumulatively added to the initial
value, so that the waveform data are mixed together in
synchronism without being influenced by waveform data forming
timing in tone generator processing I.

Fig. 30 is a flowchart illustrating an example of "tone

25 generator processing [I" executed in response to a reset
request from the output device (step S78 of Fig. 13). At
step S701, the CPU 3 clears all data from the tone generator

registers, output buffers and wave buffer WB. Namely, the



primary tone generator register. In the event that the control paraneters
are stored into the secondary tone generator register, a reservation is
made, in a predeterm ned reservation area of the primary tone generator
regi ster, for 10 danping (rapid attenuation of a tone vol une envel ope) at
such timng corresponding to the occurrence tine stored in register TM At
step S35 followi ng step S34, a calcul atigg -order across all the tone
generating channels assigned to the tone 15 generation is set such that
the tone generating calcul ation begins with the channel assigned to
generate a vavieformt@dataaandnbiveodabecuritier innthendmemdeufifen Wiy
channel assigned to generate a tone of the earl|iest note-on occurrence
tinme, i.e., thAWAYRcDEAGARE| 1s5PTPRESe ot epRFA e etR drtaorecepEion st
not e-on occurrence time has priority over the otlger channels in the tone
S\és ‘%‘%

gener ating BYPRhI AAVIRI AERITERLp gan h2*erd s r&tfr t it A§ nte
routine. Fi %E?%it 'r%p%édu%t‘%%%&viﬂﬂ UsLly %' .r}%ct%rlv ﬁ;gpé&%fé?ﬁlhﬁa@ te-of

event proce ) daPa indicative € note nunper

oL ot of s TEHRoFEE!ap BEE) By otnd odd Syl cs B oo
note-of f evgop 8pes§hObedrig. 15 are executed. Then, the CPU 3 returns
to the main routine.

The above-mentioned operation for writing the waveform

data from the application software APS1 into the area of the

10 output buffer as an initial value need not always be performed

as part of tone generator processing I executed in response

to a reset request from the output device as shown in Fig.

29, but may be performed before formation of waveform data by

tone generator processing [I. Thus, as another example, the

15 initial value writing may be conducted when the tone forming

area is set for the quantity SR at step S52 in tone generator
processing | of Fig. 12.

The waveform data generated from the application

software APS1 are of different sampling frequencies and may

20 differ in sampling frequency from the waveform data formed in

tone generator processing I. Thus, as a preparation for the

above-mentioned operation to write the waveform data stored

in the wave buffer WB into the output buffer, the waveform

data may be subjected to predetermined interpolating or

25 oversampling operations for matching the sampling frequencies.

The above-mentioned reproduction timing adjustment,

taking into consideration the tolerable time delay in the

waveform forming processing by tone generator processing I,



Into respective registers NN, t and TM Then, at step $42, - 57 - a
search is nade for one of the tone generating channels assigned to generate
a tone with the color stored in register t, and its channel nunber (CH NO. )
is stored into register i. After this, in a predeterm ned reservation area
of one of the 5 primary and secondary tone generator registers for the
tone generating channel of the nunber stgped in register i (CH), a
reservation is nade for note-off operations at timng corresponding to the
occurrence tinme stored in register TM at step S43. 10 . Referring
back to stefd%5 H¥sSFi e Ipplieditggeimage f deter andi othergehefarnahiony
the software tiner n internal interrupt signal activating the tone

, ;of a . >
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5 third interface IF3 is mixed, in a synchronized fashion, with

the waveform data formed by the software tone generator module

SSM in response to the note-on event data received wvia the

first interface IF1 ("MIDI API"), and the thus-mixed waveform

data is supplied via the second interface IF2 to the operating

10 system. In this way, any time delay in the waveform data

formation by the software tone generator module SSM can be

appropriately adjusted for matched timing of the waveform data
reproduction.

According to Measure 1 employed in the above-described

15 embodiments, the predetermined number of samples of tone data

are belatedly formed, for each frame, at some of the

subsequent activating times. However, it does not necessarily

mean that the formation of the predetermined number of samples

of tone data needs to be completed within the same frame.

20 Particularly, these embodiments are designed to reserve a

plurality of output buffers, having tone data written therein,

for reproduction as shown in Fig. 7, and thus, even when

arithmetic formation of the predetermined number of tone data

is not completed within one frame, it is possible to perform

25 arithmetic operations to form the remaining tone data in a

subsequent frame. For instance, while in the example of Fig.

6, tone data left unformed in one frame due to a failure of

internal interrupt signal generation at one or more



the CPU 3 | oops back to step S3 to repeat the operations at and after step
3. 20 Tone generator processing | forns part of the above-

nmenti oned tone generator section. As shown in detail in Fig. 12, at first
step S50, the CPU 3 subtracts, froma current time GI, an input tinme ST of
one of M DI nessages for which the tone generation has been conpl eted | ast
and then sets the 25 val ue of the subtgaction result as a delay anount OR
(this anbunt OR represents a quantity of tone data that have not yet been
formed by the current time although they should have been, which is

expr essed |Hr9d€§¢¥“@é{3©ﬂdlmgm¢$re arengfoymedt by +theg endextt stbp Sksta
quantity-to-be-forned SR (which is expression, in tine |length, of a target
nunber of sﬁﬁﬁ?‘égtiﬁ‘gt hBeddra the £ame & ams: néﬂ‘%yalfh@f%ﬁ##%nfo%f&@?wl on

di f [ ft dat f or med
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a functi 0“ Réxfth?r&ﬁéay AP WarFle M1 43S ad¢d $RB! LLESLREL' 08 Alur

exanpl e
5 activating times of one frame need not necessarily be formed

by the end of the tenth activating time of the same frame as
in the example of Fig. 6; instead, only the tone data left
unformed at the seventh and eighth activating times may be
formed by the end of the tenth activating time of the frame

10 and the arithmetic forming operations of the other tone data
left unformed at the ninth and tenth activating times may be
carried over to one or more activating times in a subsequent
frame when the internal interrupt signal generation occurs.
As illustrated in Fig. 16, formation of tone data left

15 unformed in a certain frame may be carried over to a next
frame.

Further, according to the above-described embodiments,
the control parameters for controlling the tone generator
section and data indicative of a note-on event and occurrence

20 time of the event are stored into the tone registers provided
separately for the individual tone generating channels in the
MIDI process such as the note-on and note-off processes.
Rather than being stored into the tone registers for the
individual assigned tone generating channels, these control
25 parameters and data may be sequentially written into a single
storage area along with respective channel numbers of the
channels. In such a case, sequence data will first be

created on the basis of supplied MIDI messages, and tone data



characteristic curve of that function. In this exanple, the
quantity-to-be-forned SR is set to 10 mlliseconds 10

(corresponding to one tenth of the "predeterm ned nunber of tone data to be
witten in one output buffer”) when the delay amount OR is snaller than a
predeterm ned val ue, but after the delay anmbunt OR exceeds a given val ue,

It successively increases as the anountgfR increases. Then, .after t he
15 quantity-to-be-formed SR reaches a predeterm ned upper linmt value
SRmax within such a range assuring that the tone generating processing wll
not take toﬁiﬁﬁchetfﬁﬁwe@h@nqﬁaﬁtg§§iSR0ﬁsth§iﬁﬁauﬁeaeaﬁatne upper limt

val ue SRmax irresRective of .a further increase in the delay anmount OR 20

The upper |inmi £+50al BECOSRIRY thufhe aBpverdespribed RMbodiments sctimds
IR e TR L R R T A S
L Vo HREGEE TR el B L RSSERRNEY R B4R o R
Shencess e el ereuty, BESSUSEROTL S0 abd WA Relsines
limt val uethlB¥one generator processing | forms and stores tone data
into the intercoupled output buffers, sequentially from one
output buffer to another. Alternatively, tone data may be
formed and stored separately for each of the output buffers.
10 Furthermore, while the embodiments have been described
above as making a reservation for reproduction from the four
output buffers prior to the activation of the tone generator
section, the number of the output buffers to be reserved for
reproduction may of course be any other value than "four".
15 Also, the number of the output buffers provided in the RAM 5
may be greater than the above-mentioned number of the output
buffers to be reserved for reproduction prior to activation
of the tone generator section.
Moreover, although the embodiments have been described
20 above as executing all of Measure 1, Measure 2, Measure 3 and
Measure 4, the tone generation may be prevénted from being
hindered by a delay in the activation of the tone generator
section even in a case where each of these measures is
executed independently of the other measures. Only one of
25 these measures or an appropriate combination of two or three
of the measures may be executed.

The above-described embodiments are arranged to store,

in the output buffer, waveform data for 400 msec maximum to



- 59 - within such a range assuring that the tone generating processing
wll not take too nuch tinme, the quantity SR is nmaintained at the upper
limt value SRmax irrespective of a further increase in the delay anount

OR 5 Note that the quantity-to-be-formed SR set in the above-

menti oned manner does not always take a value of an integral nultiple of 10
mlliseconds but may take a value of a-n@8bt4 ple of 10 mlliseconds plus
sone fraction. As a result, the quantity of tone data that are forneqlby
one execution.of 10 "tone generator _processing |" is not necessari an
exact integPaf HOPR; PrEPYE %S?é%?“eﬁﬁgwh%at$redﬁﬁ%ﬁrﬁ?ﬁépgﬁﬁﬁﬂﬁ wul Be
data to be Lttep iLn _ane .qut put. buffer" (one process uni t),  but e a
quantity c ?%%%% an5ﬁ99é¥%#%qﬁ[ﬂQ§?ﬂvﬂi TR i@%%ﬁnggemﬁigéqu?g¥$ Thas
previ ously t ) [ a of Fig.. 16 e

t one genera?gﬁp%?oéggg%n%ﬂdgﬁy%§¥§HJ. é¥2%€ %§3¥§é1$%n 1§éﬁgraqrﬁfher

processi ng iRfSrMBLNSH fSusHOUB bﬁcﬁggpuﬁﬁ'gggﬁh%ggr%m'%%&%éMEHhiértﬁrsone

internal interrupt signal (activating instraction) is not generat
of the predespadkdedinging) associated with the reproduced music piece,

so that it is preferable to take an appropriate counterplan
for synchronization. For example, output timing of a MIDI
message may be brought ahead of output timing of other
information (such as background picture or words image for

10 karaoke) so that the tone generating processing by the
software tone generator is executed a little ahead of the
other processing; this alternative allows all necessary
information to be wultimately output in a synchronized
fashion.

15 In addition, while in the described embodiments the
present invention is applied to the software tone generator
where the CPU is programmed to execute tone generating
processing based on the waveform memory method, the present
invention may be applied to a software tone generator where

20 the CPU is programmed to execute +tone the generating
processing based on another suitable method such as the FM
synthesis method.

Moreover, while in the described embodiments the present
invention is applied to the software tone generator where the

25 CPU of a personal computer is programmed to execute tone
generating processing, the present invention may be applied
to a software tone generator where the CPU loaded in a

dedicated tone generating device is programmed to execute the



20 points in one frame, the "predeterm ned nunber of tone data to be
witten in one output buffer"” can be efficiently formed in total only

t hrough the operations executed at the other activating times when the
internal interrupt signal is actually generated. Thi s arrangenent _
reliably avoids an 25 unwant ed hi ndrance to not only the tone generating
processing but also other processing. Atgstep S52 follow ng step S51, a
tone formng area for the quantity-to-be-formed SR starting at tine ST is

set in one - 60 - of the output buffers other than those reserved in the
ini tializat FOR® pOSAETating t PEPePSSLRI set sFartheEnere, nikkgerrer formaneme
generati ng chgnnels,to be used for form . ng_ tone data. As an exanple, the

nunber of tHB*PERR YRRer 8P A PagimnfEl ¥highyararaiprmdata nilfg torke dat a

) ' f.th I - Fig. 21 h
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According to thi §aﬁ%6{ml Su .efriy}e s oL, OBnii 8RS BY iy ergxeése 4 ned
val ue, then the numper CHmEX of the
5 invention as summarized below.

According to the first aspect of the invention, the fake
driver (FMD) is provided so that performance information
(e.g., MIDI message) supplied from optional application
software (APS1l) via the first interface (MIDI API) can be

10 received by the fake driver and then delivered to the
application-level software tone generator (SSM). Thus, the
software tone generator (SSM), which is itself application
software, is allowed to receive the performance information
supplied from the other application software (APS1l) and then

15 execute the waveform forming processing on the basis of the
received performance information. Consequently, the software
tone generator can be readily combined with other application
software on the OS 1level and can receive performance
information (e.g., MIDI message) supplied via the first

20 interface from the other application software to thereby form
waveform data corresponding to the performance information.
With such an arrangement, it is possible to increase a range
of applications of the software tone generator which is itself
application software, and also eliminate the need for a

25 hardware tone generator in a case where desired application
software, such as game software, sequencer software or

multimedia software, generating performance information (e.g.,

MIDI message) is to be applied to the operating system of the



10 channel s assigned in the note-on process of Fig. 10 is directly set
as the nunber of the tone generating channels to be used for form ng tone
data. If the delay amount OR is not below a predeterm ned value, then the
nunber of the tone generating channels to be used for formng tone data is
set 15 to be smaller than the nunber of the assigned channels CHrax, so
that it is possible to reduce the necessgfytinme for one execution of the
tone generating processing. At next step S54, the channel nunber of the
tone generating chanpel given the first place in the cal culating 20 or der
set at step®%B uB?rtﬂ%rng%%Pﬁﬁ BSenthereettn. | A3t rereihto FRygiRresent and

hont 0O ShuBRelSoC ARS8 BRALEHO oS, LA DRI ST el
"G e B A LLCSELAN 8 a8l et U ASRrA AR, 2
Dy reg ster i ThoneRer, ST Sngiiler MertoRGeRERE JHY ERA"SmiG g

whet hers or 8¢&témy further comprises application software (APS1) as a

first section for supplying performance information to the

first interface (MIDI API) and other application software

(APS2) incorporated in the software tone generator (SSM) for

exclusive use thereby as a second section for sending

10 performance information to the software tone generator (SSM),

| so that the generator (SSM) executes both sound waveform data

forming on the basis of the performance information supplied

from the first section via the first interface and sound

waveform data forming on the basis of the performance

15 information supplied directly from the second section. With

such an arrangement, it is possible to share the software tone

generator between the software incorporated in the software

tone generator for exclusive use thereby (APS2) and the other

software combined via the operating system with the software

20 tone generator (APS1).

According to the second aspect of the present invention,
the software tone generator, which is itself application
software (SSM), is installed as a driver in the operating
system and programmed to receive the performance information

25 supplied wvia the first interface (MIDI API). Thus,
performance information (e.g., MIDI message) supplied from
optional other application software (APS1) wvia the first

interface can be received by the software tone generator via



- 61 - reservation has been detected. If answered in the affirmative at
step S56, the tone generating processing up to the tine of the detected
reservation is executed and the start pointer sp is advanced 5 to point
to that tine at step S57. As set forth above, the tone generating
processing reads out waveformdata fromthe RAMS5 at a rate according to
the control parameters stored in the teng8generator register. The read-out
wavef orm data are then subjected to tone color control (filtering
arithnetic %g? operat,ion), volume contraql (nmultiplication by tone volune

envel ope da FHOD SEBHRT ol Hﬂﬁﬁt?ﬂﬁsC%Fﬁﬁ?g%%?ﬁﬁe?saMfkﬁﬁg%%?
[ ' d ith th trol, ters, .so as to create tone
data The r ESEETERE ‘NS clretardt,orhird 1R ArH A PBbLyCatiaen AT

[ b : t . er,._ At _next ste e
cont ont of Hhecaacustir LA E LHE PRl inli¥lon SPophiea

regi ster sofasmt @neAlsthert abpeiEasebMe LMY o dFekesﬁﬁgp'% sdudde

detected reservation is for note-off operations, the note-o event
dat a i s5st owadefoin ddea Forifing banehgobws bd A wBdl 8686i%8H pderdfience

generating channel so as to start a rel ease of

information, and generally the same benefits as mentioned in

relation to the first aspect can be attained.
Further, according to the third aspect of the present
invention, the computer of the tone generator system includes
10 the CPU 3 as a main control section, and this main control
section includes a section for generating an activating
instruction at one or more of a plurality of predetermined
points within a predetermined time period when the program
implementing the software tone generator may be actually
15 executed. Thus, the main control section is allowed to
generate the activating instruction at one or more of the
predetermined points when the program implementing the
software tone generator may be actually executed in proper
trade-off with current execution states of another program,
20 so that the program implementing the software tone generator
and the other program can be executed in a parallel fashion
under proper time divisional control. In addition, the tone
generator includes an adjusting section for adjusting the
sound waveform data forming in such a manner that a
25 predetermined number of samples of waveform data can be formed
in total by just the sound waveform data forming being
executed in response to the activating instruction actually

generated at one or more of the predetermined points. Thus,



the tone volune envelope. If the detected reservation is for danping, the
tone generator register to be used for the tone generating channel is
changed fromthe primary to the 25 secondary as noted earlier in
connection with Measure 2 after conpletion of the danping, i.e, after the
tone vol une envel ope | evel has decreased bel ow a predeterm ned | evel.
Conversely, the danping nmay be perfornmed8@an-the primary tone generator -
62 - register after the tone generator register to be used for the t one
generating channel is changed fromthe primary to the secondary.

expl ai ned e8VEReYheR EQ#HQR%#Yﬁ?%MQl%%ﬁﬁﬁ¥Q§§PQﬂfaF@§ t?Obelﬂe?ﬁEaEﬂgeaVMere

th trol t t t dat d nt occu rence
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for danping cular timng corresponding ence

e

processsng YakRgth8€sound waveform data forming being actually executed
in response to the activating instruction actually generated
at one or more of the predetermined points, to thereby avoid
time delays in tone generation. Therefore, +the present
invention achieves the benefit that the sound waveform data
10 forming and processing based on other software can be executed
without any trouble even in the case where these processing
is executed in a parallel fashion by the same software tone
generator under the control of an operating system not having
a full multitask function. Thus, even when the number of
15 activating instructions generated +to activate +the sound
waveform data forming is undesirably reduced due to an
influence of the processing based on the other software,
appropriate control can be reliably made such that the
predetermined number of samples of waveform data are formed
20 completely in total, and thereby unwanted inconveniences, such
as time delays in tone generation, are effectively prevented.
Because the sound waveform data forming is not executed in
fixed time divisions, it is possible to avoid the problem that
the processing based on the other software is hindered and

25 delayed by the sound waveform data forming.
In such a case, the adjusting section is arranged in
such a manner that at each of the points corresponding to the

actually generated activating instruction, it determines a



secondary tone generator register will be commenced after the danping.
After step S58, the CPU 3 | oops back to step S55 to 15 repeat the
operations at and after step S55. If answered in the negative at step S56,
i.e., no reservation has been detected, or once the determ nation has
become negative due to the operations of steps S57 and S58, the tone
generating processing is executed at step0S59, in the 20  channel
designated by register i, for the period fromthe start pointer sp to the
current tine GI,, K This cg%fletes the witing of tone data into the tone

form ng ar eIUPBFLFRe OfuditYiPTR FR 60 58P skarmed tHe sesponsBufticerthe

step S52. T at.step SQO0 determnation is made as (o whether 25
t one gener a %ﬁbV%%%%%s fﬁ%ﬁ%ﬁ%ﬁ%&nP%oﬁp| Bt QEIQﬁ tedtTupkormed

negat | ve o SURAEFER B Ve pOEd S8ta Thndt Shhoiia il SRR afemied itinren
given the ngxt RoAGR.'N THE this &3se, CAhEY! 4 985Nt S g2HhREL SN L
register i, and start pointer

5 designed to form the determined quantity of waveform data in
response to the activating instruction. Thus, by
appropriately determining the above-mentioned function, an
appropriate number of waveform data to be formed per
activating instruction can be determined in proper trade-off
10 with the left-unformed quantity of waveform data that should
have been formed. As a result, appropriate control can be
reliably made to minimize the possibility that the other
processing is hindered by the main control section being
occupied by the processing in the software tone generator per

15 activating instruction.

According to the fourth aspect of the present invention,
the operating system includes, as an interface for receiving
and delivering formed waveform data, the third interface in
addition to the second interface, and the sound program, which

20 is installed as a driver in the operating system, forms
waveform data on the basis of the performance information
received via the first interface, mixes the formed waveform
data with the waveform data received via the third interface
in a synchronized fashion, and outputs the resultant mixed

25 waveform data to the second interface. By thus mixing the
waveform data formed on the basis of the performance
information with the waveform data received via the third

interface in a synchronized fashion and then outputting the

t he



Ssp is set to point to the input tine ST, at step S61. Then, the CPU 3 | oops
back to step S55 to repeat the operations at and after step S55. If, on the
ot her hand, answered in the 5 affirmati ve at step S60, or once the

determ nati on has becone affirmati ve due to execution of the operations at
and after step S55, the CPU 3 term nates the tone generating processing and

noves on to step S62. In the above-nmengioned manner, tone data obtained
by accunul ating the tone data of the 10 i ndi vi dual tone generating
channels (with or without desired effects inparted thereto) is

accumul at i vBLEFedr Faveform §athe tooride slarany drgerfiasie t Hheueine t§eBRy of
the output buffer. If the nunber of the avail abl e tone generating channels

ascert ai ned*By *PReveppfermsdaka| FRrme kit FRl nbeiRrPEPPT ataly adiusted

tone generagin hannel s, . the_ nunber _of one generating channels to
be used for%érnﬁf?éﬁ%oﬁgthéggnafnﬁgFoﬁ&?rPguF%&BEeglﬁﬁngnitting the tone
generating procegsi ne t i s glve ter
pl aces in the ca?gﬁf&gf ?ﬁgr%r' dg(r1 Ethggcr e a%r%%rﬂﬁerer% %f%e%r%g%%’ﬁ%‘%t%r:%gti me

ST added Wi hB8ctifig18¥2061LYali8sPenk OkaFEsSEni datL! £65md8Voh | BRe JasidbF new
time ST is used as a calculation starting point for next execution of "tone
gener at or ptRéepstf@rmance AlhEbrhidtfon Ao the waveform data received via
the third interface as an initial value, the waveform data can
be mixed together in a synchronized fashion without being
influenced by the waveform data formation based on the
10 performance information. As a result, stable reproduction of

the waveform data can be effected at appropriately matched

timing.



stepT§§§11eet e ma nltude of the tone volune level for the tone 25

gener respondlng to the current note-off event is |owered
to zer ! manner. At next step S65, a determination is nmade as
to mh rmati on of the "predeterm ned nunber of tone data to be
witten |n one out put - 64 - buffer"” has been conpleted. If answered in

the negative at step S65, the CPU 3 retups-to the main routine. Once the
determ nati on becones affirnmative at step S65, the output buffer is
decoupl ed fromthe other output buffers_that are 5 coupled thereto in
"tone generator processing Il" as wi | € hepl At ¥rSdescribed, and its
reproduction is reserved in the output device at step S66. After this, the
CPU 3 returns to the main routine. The operation of step S66 corresponds to

. 1 2 n n
sttty RSB R MR SN, Bt ale
modi 1 cati ogy ghe!fe &nfa Nt %@ea%s%%qléadtﬁé;kelhhs pEsybterhihdg
subtracti on rect t

5 operatlng system and a program for implementing a software
tone generator,

wherein said operating system includes a first interface

for receiving performance information on the basis of which

waveform data is to be formed and delivering the received

10 performance information to a program installed as a driver in
said operating system, and a second interface for receiving
formed waveform data and delivering the received formed
waveform data to a waveform outputting program installed as
a driver in said operating system,

15 said software tone generator is application-level
software which executes sound waveform data forming processing
to form waveform data on the basis of the performance
information and outputs the formed waveform data wvia said
second interface, and

20 said tone generator system comprises a fake driver which
is installed as a driver in said operating system and
programmed to receive the performance information delivered
via said first interface and send the received performance

information to said software tone generator.

25 2. A tone generator system as claimed in claim 1 which
further comprises first means for supplying performance

information to said first interface and second means for

"% e L M s



as the quantity SR In such a case, if the tone generator 15 section is
not aﬂﬁslgﬁaiﬂdﬂémﬂldpbceé failure of generation of the internal interrupt

S|gnal predetern1ned points, all tone data |eft-unfornmed at
t hat t| | l at a next one of the points when the internal
interru na |s actually generated, as in the Fig. 5 exanple of 20
Nbasure : Therefore even when the integgal interrupt signal (activating
|nstruct|on) is not generated at sone of the predeterm ned points in one
frame, the "gredeternlned nunber of tone data to be witten in one out put

buf fer” canSBRILPE; cP@ﬁtfP'y'maPSPrrednf\ﬂirE‘!@ltﬁoq h&o s@mid f repktwargy toge t he
25 oper at i ons ex ecut ed .at. anot her e of the points when the internal

i nterrupt g?@ﬁﬁ? Fe aﬁgtUQ?Fﬁlngﬁﬁe a?%ﬁtwareTﬁ?Eea??%%ﬁ%ﬁ%ﬁte¥%$?ﬂ%$y
avor ds an ugsARbeqLBULATAR 0 AR89 AL oc Al Lﬁ%’%f%%'ag’%%e

mentioned in connection asure

data may be;feppRetiBnd Hgdil 'ewtfﬂ?ﬂﬁ.@,a?&aaﬁt I%tp'lwégr}éwlgf a%{ ¢ “

when the internal interrupt signal Is actu y generated as
5 interface and sound waveform data forming on the basis of the

performance information supplied directly from said second

means.

3. A tone generator system as claimed in claim 1 wherein

said computer includes a main control section for executing

10 said program implementing a software +tone generator and

another program in a parallel fashion, said main control

section including means for generating an activating

instruction at one or more of a plurality of predetermined

points within a predetermined time period when said program

15 implementing a software tone generator may be actually
executed, and

which further comprises adjusting means for adjusting

the sound waveform data forming in such a manner that a

predetermined number of samples of waveform data can be formed

20 in total by just the sound waveform data forming processing

being actually executed in response to the activating

instruction actually generated at one or more of the

predetermined points.

4. A tone generator system for forming sound waveform data
25 by use of a computer having installed therein a predetermined

operating system and a program for implementing a software

R L



6 exanple, or may be formed progressively by the end of the 5 | ast
' Hes Baen Réplatdae sane frane. Further, as a nodification of the

actiV

oper a , the nunber of the tone generating channels may be

det er { t follow ng manner. First, on the basis of a

cal culating tine necessary for formng the quantity SR of tone 10 data in
a given tone generating channel and a-cggrent available calculating tine
EJ (i.e., time obtained by subtracting a calculation starting point KJ when
the current internal interrupt signal has been actually generated, froma
cal cul ati ont@R8i SGPBERRPTSI when the internal interrupt 15 signal is to
be generat ed next it is_agcertai ned how many of the tone generating
channel s are avaW%ﬁBFént§a+%r?ﬁ??ﬁF%ﬁQnﬁX%ﬁ?@SRnEﬂ“F§§e3d5%53tt:ﬂ?iff?iﬁ; ;
nunber of t ayaj L e taone_generating_channel s ascertained by the |

is not snal §F ¥§g%§?ﬁ§gn§ﬁﬁggrﬂﬁnFﬁelggﬁ§m6§ﬁ8PaFPh&hﬂuﬂﬁﬁﬂ%;9%;Whlch

assi gned i e- event . prace r.of the assigned tone

gener at i ngn‘glélgﬁﬁg S id;%‘?:gl rjgé(-:ltr(g g’%t szjsrrrkegig %ﬁgﬁﬁgﬁé"%lgg 3%‘% ¥R t one

dat a fos mat p@Pforhan8l iMfofhdeionady s gg%di‘éﬁpgﬁs(&{aﬂ.&aﬁ %E‘.a.i:xl ?Pi@ef ofi¢
generati ng channel s ascertained by the U3 1's smaller than the nunber 25
of the assigabd bpacagengr ayskemchanbels sddduHRIr f¥cd Nr receiving
formed waveform data and delivering the received formed
waveform data to a waveform outputting program installed as
a driver in said operating system,

10 said software tone generator is application-level
software which executes sound waveform data forming processing
to form waveform data on the basis of the received performance
information and outputs the formed waveform data via said
second interface, and

15 said program for implementing a software tone generator
is installed as a driver in said operating system and
programmed such that said software tone generator receives the
performance information delivered via said first interface,
said software tone generator executing the waveform data

20 forming processing on the basis of the performance information

received via said first interface.

5. A tone generator system as claimed in claim 4 wherein
said computer includes a main control section for executing
said program implementing a software tone generator and
25 another program in a parallel fashion, said main control
section including means for generating an activating

instruction at one or more of a plurality of predetermined

R



avai | abl e tone generating channels is set as the channels to be used for

t he t gpesktattas BenRatldcsn. Nanely, as previously explained in connection with
Measur ion of the - 66 - "predeterm ned nunber of tone
data to one output buffer"” is secured by reducing the nunber
of the els to be used for the tone data formation. Referring back to
step S5 of Fig. 8, if triggering 5 facopr-3 (i.e., detection of a
processi ng request fromthe output device) has occurred, the CPU 3 executes
"tone generator processing I1" at step S10 and goes to step S1l1 in order to
vi sual |y prpeéntsprdghiar @ mIedetedmingss Wi megkak|wheh ctid PRAGRAM he
CPU 3 | oops back to step S3 to_10 repeat the %perations ag and aft i step
3. Tone gendMBLBMEPLdREssPnSPFTHR%ES f@?ﬁ% FERIGHAThe "P¥ne Sen%?gY%f 4
section and is exeéuted In response to a request generated by activating

the output GEGFLESE

. 8% an external interrupt process by the DVA

controller 1) wnlh® #8hd® coSPFEELOballaEEAY' Abals SRS C2RPRLR1HG

processi ng of Fi(.
5 the sound waveform data forming in such a manner that a

predetermined number of samples of waveform data can be formed
in total by just the sound waveform data forming being
actually executed in response to the activating instruction

actually generated at one or more of the predetermined points.

10 6. A tone generator system as claimed in claim 5 wherein at
each of the predetermined points when said activating
instruction is actually generated, said adjusting means
determines a quantity of waveform data to be formed in
response to the activating instruction as a function of a

15 left-unformed quantity of waveform data that should have been
formed up to said point, and said software tone generator
forms the determined quantity of waveform data in response to

said activating instruction.

7. A tone generator system for forming sound waveform data

20 by executing a sound program operating under control of a
predetermined operating system,

wherein said operating system includes a first interface

for receiving performance information on the basis of which

waveform data is to be formed and delivering the received

25 performance information to a program installed as a driver in

said operating system, a second interface for receiving formed

RN 0 A



2 thatyrel a to tone data transfer fromthe software tone generator SSM
to the}ns Eheetﬁ

S

. FRlasede | F2 ("WAVE out API"). Fig. 13 is a flowhart of the
externilmﬂﬁ l
one Ssa

J ocess carried out by the DVA controller 11 each tine

ne data is sent to the DA converter 12, i.e., at a
reproduction sanpling frequency of the DJA converter 12. By virtue of this
external interrupt process, tone data Loggane franme stored in the output
buffer are read out, one sanple per reproduction sanpling cycle, fromthe
out put buffer and 25 supplied to the DJA converter 12. This corresponds
to the proc¥3¥ehgrBfdatr and deliveviog the Riepeivediformed Woveform data
specificall¥, this corresponds to the processing of the output device where
it recei ves PR 1RF TR SUPHHiRG BEPoRareinstrlled asp drguss: ipgaiiy

ia the second ipterface |F2 ("WAVE qut, ") and then outputs themto the
\é;(?ernal Sha‘?ﬂ%ﬁrglgg YR E8v % ral%%lﬁﬁrps’trzgﬁf%gaafilf?’ﬁ Sd¥i&gh aFhe
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5 waveform data to a program installed as a driver in said
operating system, and

wherein said sound program is installed as a driver in

sald operating system, and said sound program executes a

forming step of executing tone generating processing to form

10 waveform data on the basis of the performance information

received via said first interface, a mixing step of mixing,

in a synchronized fashion, the waveform data received via said

third interface and the waveform data formed by said forming

step, and an outputting step'of outputting to said second

15 interface the waveform data mixed by said mixing step.

8. A tone generator system as claimed in claim 7 wherein
said mixing step mixes the waveform data by accumulatively
adding the waveform data formed by said forming step to the
waveform data received via said third interface, with the
20 waveform data formed by said forming step used as an initial

value.

9. A method of forming sound waveform data by use of a
computer having installed therein a predetermined operating
system and a program for implementing a software tone
25 generator, said operating system including a first interface

for receiving performance information on the basis of which
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that is pointed to by pointer pp and being currently read out from one of
theThesmeengmﬁﬁiﬂf uffers pointed to by buffer pointer PB. Then, the

poi nt\ﬁl’lﬂi‘“ﬁ“”‘ mented by one at step S72, and it is determ ned at step
S73
4 ]

all 10 the tone data in the output buffer have been
conpl e y supplied to the DJA converter 12, i.e., whether the necessary
reproducti on process has been conpl eted ¢pr-the output buffer. If the
reproducti on process has not been conpleted for the output buffer, the
process returns_to the main routine. 15 | f, on the other hand, the

r epr oduct i o¥iepPHeERs IREe Heenteoks dicameadrandedediparings fthe asecmterdni ned
at step S73, a_further defermnation is nmade at step_S74 as to_whether any

. p J ;
ot her out puPShiPFEPFE 12 %f%%ﬁ??%fu?ébﬁBEEEFW?gPStZ¢gﬁ§ ?E{Z?%EEE@?ESB t he
[ cessin e.s ]
CPVAVE out ABH) °§?%8¥%83%§,Y%?Fe§f,a &F g??Sﬁ“?nv}BfﬁF?gfﬁthfg FHEIYTS,
, i ’
by the tone: Sonar s Rvete Jdete, ARY WelHdd iy | BHED, Pk et At of
the tore gengvetermseathoRol 8 Yaverdeh@YREpUDEind" pfdgﬂﬂﬁﬁ%tﬂﬁ%m

other processing, an affirmative determ nationrésults at step
the reprodustidmiveomial | Jaiel alopeadiingseeyadenyt PYLiOUf E6F6ware tone

generator being application-level software which executes
sound waveform data forming processing to form waveform data
on the basis of the performance information and outputs the
10 formed waveform data via said second interface, said method
comprising the steps of:
supplying desired performance information to said first
interface;
receiving the desired performance information from said
15 first interface by means of a program installed as a driver
in said operating system; and
sending the received performance information to said
software tone generator so that said tone generator executes
the waveform data forming processing to form sound waveform

20 data corresponding to the desired performance information.

10. A method of forming sound waveform data by use of a
computer having installed therein a predetermined operating
system and a program for implementing a software tone
generator, said operating system including a first interface
25 for receiving performance information on the basis of which
waveform data is to be formed and delivering the received

performance information to a program installed as a driver in
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(those reserved kn th initialization of Fig. 9 or in "tone - 68 -
gene?r1 ect Hap deep Replaced™ |y s conpl et ed. Wth such an affirmative
deter i [ u p S74, the DVA controller 11 noves on to step S75 in
order It fer pointer PB to point to the other output buffer. As
explained earlier in 5 connection with Measure 3, this arrangenent can
expand such a tolerable range of time ded@y-in activating the tone
generating processing which can avoid an unwanted break in a streanho;
enerated toneg. At step S76 follow ng step S75, a request is issued for
?eturning tﬁalaoﬁgeﬁgﬁéggtﬁWSB?m ?ﬂQm%s§FE8nﬁl1“Fﬁ§féﬁ?wqunﬁ¢Q§lY%ﬁg
which the r ct.i he _tone_dat a. has been c | eted |,
(reproduct i gﬁ{r@‘gﬁpl"&eﬂbdp%ﬂ put Buf "fnél?) deliyering ¢ %g‘peprﬁﬁggév?gt ui‘?SE“?Q) t he
main routi e I yat i,on t r ection i _
greatly der‘g?/‘é%i,%o%ﬂeggerémyaara [ ggQ’fae ftsﬂgtﬂ]ugtl ﬁ& xwlglrgg&)%)gosrﬁmpujtnsotuarle%q v ng

written thegeldrigde Opd a JITEpRYaltiigt O8gsPERC akia | SofbisFyCdhGYEN 1 N

a particular frane where the
5 generator being application-level software which executes

sound waveform data forming processing to form waveform data
on the basis of the performance information and outputs the
formed waveform data via said second interface, said method
comprising the steps of:
10 installing said program for implementing a software tone
generator, as a driver in said operating system;
supplying desired performance information to said first
interface; and
said program for implementing a software tone generator
15 receiving the desired performance information from said first
interface so as to execute the waveform data forming
processing to form sound waveform data corresponding to the

desired performance information.

11. A method of forming sound waveform data by executing a
20 sound program operating under control of a predetermined
operating system, said operating system including a first
interface for receiving performance information on the basis
of which waveform data is to be formed and delivering the
received performance information to a program installed as a
25 driver in said operating system, a second interface for
receiving formed waveform data and delivering the received

formed waveform data to a waveform outputting program

O g



r epr odugtshe@nHdsmesm reblcetthe reserved out put buffers has been conpleted. In
such a | ve determ nation results 20 at step S74, so that the
DVA conﬂmﬁumn nches to step S77 to nute output signals of the DA

convert prevent noise sound. At next step S78, a reset

request is issued to "tone generator processing |1" for resetting the tone
generation. Then, the process returns. -2869 - Fig. 14 is a flowchart of
an exanpl e of "tone generator processing I1" executed on the basis of the

eturn request d fromthe output device (step S76 of Fig. 13). The CPU
5 recei veg f‘ﬂﬁtﬁgiﬁﬁt aBuff gFerQFurlﬁe@aPﬁorﬂHeH’@tdﬁlgp Sd‘@m,c@nd a gthizd

o e o Tl EReS %%»put%%%fsﬁgﬁgczrrb%z#&g LA o bl o
5 S A0 A SO B AR
treat the”‘ﬂﬁs@aﬁlé&'ﬁs'ﬁrﬂﬁﬁvQQfE%rsa-qydbéﬁdﬂﬂd§ﬂ§§§€éﬁarE%%htﬁéfﬁﬁg'de
t hese output buffers in physically nei gh oring
5 comprising the steps of:
installing said sound program as a driver in said
operating system;
supplying desired performance information to said first
interface;

10 said sound program receiving the desired performance
information from said first interface, so as to execute
waveform data forming processing to form first waveform data
corresponding to the desired performance information;

supplying second waveform data to said third interface:

15 and
said sound program receiving said second waveform data
from said third interface and mixing said first and second
waveform data so as to supply the mixed waveform data to said

second interface.

20 12. A machine-readable recording medium containing a group
of instructions to cause said machine to implement a method
of forming sound waveform data by use of a computer having
installed therein a predetermined operating system and a
program for implementing a software tone generator, said

25 operating system including a first interface for receiving
performance information on the basis of which waveform data

is to be formed and delivering the received performance

NN



ar easf s fafM Repig N€Xt step S83, data indicative of the time when the

return en issued is created, so 10 as to adjust the
operati}ﬂﬂ&ﬂlﬂﬂ u generator section by ascertaining presence or absence
of a di perational timng between the tone generator section

and the output device. After step S83, the CPU 3 returns to the main
routine. 15 Fig. 15 is a flowhanooot an exanpl e of "tone generator
processing 1" executed by the CPU 3 on the basis of the reset reque;g1

i ssued fromthe output device (step S78 of Fig. 13). First, at step S91,
the CPU 3 c?’ég?gm%FE"PhetQiataa Pregrane i@ ldaser asora L@?-’:clé'teér for h%%\téhAMog
the tone generatjing 20 channel s and fromthe output buffers in the .
Then, as atog?gﬁtlg§38¥%t%55aﬁ ?h%e?ﬂ?éi%TFﬁﬁf??ﬁl{9?x%§ﬁ?%ﬁ??9@f°¥W34hg
out put devi LS jnitiali . 9 t.he f.our. qQut put. bu rs cleare
at gt ep Sgl‘gg‘(%?%glgiéné?éesaéﬁggi% ?)'rg%rgre1 r 000 XTBH A 295 egg‘é?vﬁﬁﬂr'f‘h‘i;eatb%t put

device is aghiyYREForm o uttl%‘inﬁoi)kggfgmti nai]?eétéag e rilept $R 94

Then, the CPU 3 returns to tthe marn roUti ne. one generator processing

I1" basgd oppéhetifget svatdnst. hed noPhRHd bubher igadesfioed ndyide
outpul application-level software which executes sound waveform data
forming processing to form waveform data on the basis of the
performance information_and outputs the formed waveform data
via said second interface, said method comprising the steps
10 of:
supplying desired performance information to said first
interface;
receiving the desired performance information from said
first interface by means of a program installed as a driver
15 in said operating system; and
sending the received performance information to said
software tone generator so that said tone generator executes
the waveform data forming processing to form sound waveform
data corresponding to the desired performance information.
20
13. A machine-readable recording medium containing a group
of instructions to cause said machine to implement a method
of forming sound waveform data by use of a computer having
installed therein a predetermined operating system and a
25 program for implementing a software tone generator, said-
operating system including a first interface for receiving
performance information on the basis of which waveform data

is to be formed and delivering the received performance

A



- 70 - device, the tone generation having been executed so far in the tone
generﬁbT&wgeﬁtB&nkﬁﬁw gdj scontinued conpul sorily and reproduction fromthe

cl eare I's reserved again in the output device, as explained
earlie Llﬂlvmth 5 Measure 4. Then, new tone generation 1is

connenced I ng the tone generator section on the basis of another
M DI nessage supplled thereafter. - IDls, even when the reproduction
reservation is not made in tinme and a tenporary disorder is caused in the

t one gener at stable tone 10 generating operation can be pronptly

rest or ed anan(ﬁ)@ﬁ@@tbﬂﬂan‘f%d anoP§%gE§‘H P st kfdeas REL@(%W baag %@lh%t(égu
S5 of Fi 8. Iif Is determnped tri factor 4 has occurre t he

3 executgs g ﬁF%E%Eg PESHERSPY ?os?ﬂggg %g?ﬁﬁa?%qﬁ%Etre%Q&YF%& formed ess

I di_spl 9
5 o oA Aol TR S i i

to a command | nput even e

i nformati ongg0f LESROHN Gty BeESTalSL Héééjg z{ Efg Q&%% O?ntgalcﬁ)anel
screen at step S13. After this, Fﬁg ng 3 | oops 0 3 106 r epeat
t he 5 operating systen, said software tone generator being
application-level software which executes sound waveform data
forming processing to form waveform data on the basis of the
performance information and outputs the formed waveform data
via said second interface, said method comprising the steps
10 of:
installing said program for implementing a software tone
generator, as a driver in said operating system;
supplying desired performance information to said first
interface; and
15 said program for implementing a software tone generator
receiving the desired performance information from said first
interface so as to execute the waveform data forming
brocessing to form sound waveform data corresponding to the

desired performance information.

20 14. A machine-readable recording medium containing a group
of instructions to cause said machine to implement a method
of forming sound waveform data by executing a sound program
operating under control of a predetermined operating system,
said operating system including a first interface for

25 receiving performance information on the basis of which
waveform data is to be formed and delivering the received

performance information to a program installed as a driver in
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20  QRSh&I RBsendMepland after step 3. Finally, if triggering factor 5 (i.e.,
det ect routine endi ng command on the keyboard 8) has occurred,
t he CPH!H‘EQHMW‘! predeterm ned process to termnate the main routine at
step S e panel screen to di sappear 25 fromthe display 9 at
step S15 and then returns to the main routine. In the event that two or
nore of the above-nentioned triggering fi@aetoers have sinultaneously occurred
as determ ned - 71 - at step S5, the operations at and after step S5 are
executed, for exa in ascendi ng order of the factor nunbers (i.e., from
triggering Fatg¢sP Er"-'%*b”fg iSYF&Ehgaf aeeend 51)ntﬁs‘3<fc%1ﬁ fowareceiyyegi frrmedt or s

2 d 3 h I lorit Steps S3 to SH V|rtuaIIy represent t ask
naﬁggenenﬁvﬁﬁegggﬁﬁdi dﬁagﬁ b§85é99|FﬁF BRSREEd PﬁméﬁfﬂﬁYe AFBAgta

[ d the_ba curre of any of_the
ri gaer i ho. Fact Sveltial st e Brba TR R TRIASY 5 ChcarREnCE ALd
another triggerabingady¥eed BhENY PRiPS! thterface for receiving the

5 formed waveform data and delivering the received formed

waveform data to a program installed as a driver in said
operating system, said method comprising the steps of:
installing said sound program as a driver in said
operating system;
10 supplying desired performance information to said first
interface;
said sound program receiving the desired performance
information from said first interface, so as to execute
waveform data forming processing to form first waveform data
15 corresponding to the desired performance information:
supplying second waveform data to said third interface:
and
said sound program receiving said second waveform data
from said third interface and mixing said first and second
20 waveform data so as to supply the mixed waveform data to said

second interface.
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10 to execute another process. For exanple, when "tone generator
processing | " is being executed in response to occurrence of triggering
factor 2, the M DI process may be executed by interruption due to
occurrence of triggering factor 1. For exanple, if triggering factor 4 or
triggering factor 15 5 occurs while tone generator processing | is being
executed in response to occurrence of inigggering factor 2 of higher
priority, the activation responsive to triggering factor 4 or triggering
factor 5 nmust be waited until term nation of one execution of tone
generator processing | responsive to 20 Abskragbring factor 2. However, by
appropriately dqherniaiﬁg the quantity-to-be-formed SR per activation as a
function of the d8P8yCEREGATCERSYRtEEcUrdRacEomPLUkes SPSP¥ATRINCt | on as
shown in Fig. 19M95120, execut ener at or pr.ocessi ng

responsive to triggeri ﬁge%r}?&ff‘&m? L%%&%ng‘gr event E&cﬁlgﬁldt akitiy t¥
possi bi 11ty BPee kLT, sROLHTLob) BRaeRy b SR ET ot oY B S 02 bed.
A descriptigan¥khtobe O Vet RRIPWADOMhea SR0dIJENhe received MIDI
performance information, so as to allow the software tone
generator to have an increased range of simple applications
on the 0S8 level. To this end, a fake driver (FMD) is
installed in the 0S, and performance information output from
10 application software (APS1l) is received by the fake driver via
the operating system and then sent to the application-level
software tone generator (SSM). As another example, the
software tone generator (SSM) is installed as a driver in the
operating system so that information output from application
15 software (APS1l) can be received by the software tone generator
via the operating system.

(Figure 1)
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- 72 - corresponding to the systemconfiguration of Fig. 2.
where the systemconfiguration of Fig. 2 is enployed,

gener at or
Figs. 8 to 15, and the 5
Fi gs.
above in rel aft

16, 19 to 21 may_ be appl i ed. Of course

In the cas

Further, in hPé’PLLCéEIé)N Sﬁlﬁ@ﬂéﬁ the system éEﬂbi@A@ml\eﬁQFdﬁ\R@f Fi g. 2 i s
enpl oyed, the IHWT@PSG OeT L. E, yacrors. are] checked
step S3 of Fig ent E@A-‘ Nangly, in
case, occurre 0 £ %e iuﬁ f\%rlggé?%:K OK%gkgg?s checkkd: Trigg
factor 1: Supplkyprof a DI message via tl "illl i interface (e.g.

supply of a M BESskéi erface from 15 the p Sitpaige APS1 (Fi
2); Triggering factor Gener ation, by FHSMt e

i nterrupt sigmal activgting the tone geng
3: Detection ¢f a processing 1'Eequest 20

e /17

the software tone
nodul e SSM nay be based on the sane prograns as described in
sanme arrangenents descri bed above in relation to
the arrangerrents descri bed

At
this
Pring

.
r nal
F or

Triggering fag¢tor 4: Det ectiom Of anot he request
“MIDI API ” ” WAVE out API ” S
0Ss (Windows3. 1/Windows95)
FAKE MIDI DRIVER X
FMD OUTPUT DEVICE ~— OUD
SOFTWARE SYSTEM
N
( CODEC HARDWARE )
F I G. 1
(DAC)
SOFTWARE SYSTEM
APS1
” DIRECTOR ”
(DIRECTOR FILES)
l IF2
‘LMIDI MESSAGE
“ WAVE out API ” S
IF1
“MIDI API ” S
0Ss (Windows3. 1/Windows95)
W
SOFTWARE ~ SSM ‘l’
T.G. MODULE OUTPUT DEVICE ~ OUD
L
( CODEC HARDWARE )
F 1 G. 2 (DAC)
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as an input event on the panel screen of the display 9 or a conmmand i nput2/17
event on the keyboard 8 (excluding a nmain routine ending command); and 25
Triggering factor 5: Detection of an input event of a nmain routine ending
command on the keyboard 8. Triggering factor 2 to triggering factor 5 are
the sane as the counterparts in the case where the systemof Fig. 1is -
73 - enployed, but triggering factor 1 is different. As previously noted,
in the case where the systemconfiguration of Fig. 2 is enployed, the
software tone genergtor nodule SSMis installed in the operating system and
5 programmed to idgntify that a M D nessage has been supplied via the
first interface IFL{"MD API") of the operating system Thus, the
software tone generagtor nmodule SSM which is itself appllcatlon sof t war e,

operates as a dipver—er—the—E5—afrt—t+eeetves—t+hRe—MB—nessage supplied from
ot her 10 appl jcation software APS1 via the first infterface IF1 ("M D
APl "). Then, injthe above-nentioned manner, the software tone
AN
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generator nodul e SSM executes the tone data form ng operations based on t Bél7
received M DI nessage by the tone generating processing being activated in
response to generation of the 15 internal interrupt signals (activating

i nstructions). The resultant forned waveform data are output, frane by
frame, via the second interface IF2 ("WAVE out API") of the CS, as

ment i oned above. A description will be given bel ow about an enbodi nent of

20 t he pr esent i nvention correspondi ng to t he system

confi gurati oMIDOfMEEPASE 25. Fig. 26 is a flowchart illustrating a nmain

routine of a soynd nodul 4 SGV MM executed by the CPU 3 in a case where the
system confiqurgti ¥ a. 25 is enploved. In the main 25 routine,

. hen the following triggering factors are check
at step S303: Trigge |ng actor 1: Supply of a M D nessage from - 74 -
' g. 25) via a first interface |IFl

Lo

FORMING FORMING FORMING FORMING
OPERATIONS OPERATIONS OPERATIONS OPERATIONS
REPRODUCTION | REPRODUCTION | REPRODUCTION
Tl 2 T3 T4
—_—
FIG. 4 TIME
GAME SOFTWARE SEQUENCER SOFTWARE
(GAME SOUNDS, (STANDARD MIDI FILES,
BGM’ S, ETC) CUBA?E DATA FILES,
ETC.

(MIDI MESSAGE)

“MIDI API”

O S (Windows3. 1/Windows95)

A
MIDI DRIVER

(PRIOR ART)
.

(HARDWARE T.G. ) ¥ I G. 2 4
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("MD API") interface (Fig. 25); Triggering factor 2: Generation, by thet/1
software tiner, of an internal interrupt signal activating the tone
generator 5 section; Triggering factor 3: Detection of a processing
request fromthe output device; Triggering factor 4: Reception of waveform
data fromthe application software APS1 via a third interface IF3 (Fig.

25); 10 Triggering factor 5. Detection of another request such as an
input event on the panel screen of tIOSE @RAMEI ay 9 or a command input event
on the keyboard 8 ( ex€tudrmy—a e ToTt T ITe ey coTTaT A i ggering
factor gon of an input event of a 15 mai n routlne endi ng comuand
on the key Tri ggerlnglfact , 2, 3, 5 and ifvenEre t he sane
as triggeri 3@?%r 1, 2, 3 respectlvel checked at
step S3 of Fig. 8 in . the case mhere the systentconflguratlon of F|g 21is
enpl oyed, and triggeriing factar 4 20 is a newiadditioniin the case where

t he systenﬂ@ﬁh@%@uratldn of Fiig3254s iehpl pyed. Figi62%ii8 a floowchart of
an exenpl aF r am:of the appllcatlon softmare ASPﬂ mhlch gtve rise to
triggering factor

RESERVATION © @ f 1 I

' ' ' : : : : ‘ ’ ' > TIME
0 10 20 30 40 50 60 70 8 90 100 msec
FI1G. 5

: ONE FRAME ;

€ >
INTERRUPT '
PER 10 msec l l \L l \L
TONEDATA i1 | i i23i45i6 { i i ir-q0
FORMATION | | é é é | : : é | s
wsaros ]

H H H H H H H H H H > TIME
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> TIME

RESERVATION v & v v v v v

FRAE F1i | iF2 | P8 | R4 / | irri | ime

3i4 [3ia | 3 2 | 3|23 4|3 4
NOMER OF 1T AT
RESERVATIONS
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4. This programis activated or triggered at event timng of 25 5/17
mul timedi a data bei ng reproduced, and it is determned at first step S401
whi ch of waveform data generation event, M DI nessage generation event and
generation event of other sort of information the data is. - 75 - If the
event is a waveform data generation event as determ ned at step S401, the
program proceeds to step S402 in order to output the generated waveform
data to the third interface IF3 (Fig. 25). This gives rise to triggering
factor 5 4, If the event is a MDI nessage generation event as

determ ned at step S401, the program proceeds to sgep S40g in order to

out put the generated M DI nessage to the first intarface 1 ("MD API™)
(Fig. 25). If the event is a generation event of{Jother gbrt of

i nformati on (such as inmage 10 data), the progranlprocee?s to step S404 in
order to output the information to an interface AR that s possessed by

the operating systemin correspondence with the sth Df E;
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Referring back to Fig. 26, the operations at and after 15 step S304 ar&/l7
simlar to the operations at and after step S4 of Fig. 8, except that a
VWAVE process of step S312 and display of step S313 based on the WAVE
process are added and tone generator processing Il of step S310 are partly
different fromthe counterpart of step S10 of Fig. 8. 20 In the
event that two or nore of the above-nentioned triggering factors have

si mul t aneously occurred as detef{mngeiiasatsbePr P305, triggering factor 1 has
hi ghest priority and priority of gering factors 2 - 6 are set
to becone higher in the ord ' 4, triggering 25

factor 2, triggering factor|GEshd.G rR@@&TfERﬁh@ VeRBINGIf 65— Byl 28 is a

flowchart illustrating an e 1% ¥ the WAVE proc ss based on the
occurrence of triggering factor 4. At Werst step Sb01 in this process, a

} S received

time period At, froma LOMPWAVERSRMBATIMERSY BARDOSBCOb~eved o
fromthe application soft WaoRAMPS1 via the first interface IF1 ("MDI API")

of Fig. 25 to a point wher

-fﬁme—dafa—+qrﬁ3&4xrﬁfﬁmrgenerator

INITIALIZE OUTPUT DEVICE

~—S23

v

RESERVE REPRODUCTION FROM CLEARED
OUTPUT BUFFERS IN OUTPUT DEVICE

~—524

W

ACTIVATE OUTPUT DEVICE & START
SOFTWARE TIMER

~—S25

END

( NOTE-ON EVENT PROCESS )

FIG. 9
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processing | in response to the note-on ev
delay in the tone generation by tone gener

within the limt of the tine period [err]t,

of a length corresponding to about four fr
and witten into a predeterm ned register

At next step S502, waveform data supplled
APS1 via the third interface |F3
WB along with the tinme data stor
a determnation is nade as to 15
I ndi cates a value "1"

eN(DT}E—OHﬁeEVEE’g iPB(IUESS .

when maveforn1data i &

ent is reproduced 5 (a tine /17
ator processing | is tolerated

and the tolerated tinme delay is
anes), is added to current tine

WI provided in the RAM 5. 10
fronlthe application software

en into a wave buffer
Then, at step S503,

S n1ned flag WPF ('t hat
belng witten into the output

buffer but indicates a value " en rm data |S,Qg£ﬁ§ LNg witten
into the output buffer) is at N@Q_n fﬁ Hﬁ Iﬁﬂ t éigffirnative at
step S503, the process returns vrmrmuu any ot her

operation, but if answered the ncgat'VCf +-he pTu,ess noves on to step

out put buffer

at step S504, the procelss

§%§ mative

RESERVE NOTE-OFF AT TIMING p~—S43
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FIG. 11
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goes to step S505, where the waveformdata stored in the wave buffer WB i $/17
witten into a specific area of the current output buffer which corresponds
to a reproduction tine -77- following the tine stored in the register
WI. Not e that because the quantity of waveformdata to be witten into
the wave buffer WB by the mAVE process I n response to one waveform data
reception event is - he 5 quantity of data
capabl e of being w tﬂﬁMEGﬂ%ﬁﬂ@Rdﬁ&ﬁBBDﬁuﬂfer e.g., the quantity of
wavef orm data correspo s me of about 5 sec), only
those of the data in the mave bui er VB corresponding to | eading portion of
the waveformare witten ou t L buf After step S505, 10 t he
E@g{ Lo G %%96 p

process noves on to step han of the flag WPF to "1"
and then returns e 'f, on-the gther hand, a negative
det erminati on i s| FEABRMINE QEANEPTYSS584R OREHPr 8431S LFr eOWR sHhe main routine
W t hout perform M thEe OperatTon f T=ps—S565—=amd—S506. 15 Fig. 29

is a flowhart of an e
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processing Il executed in response to a return request fromthe out put 9/17
device (step S76 of Fig. 76). In this processing, operations of steps S601
to S603 simlar to those of steps S81 to S83 of Fig. 14 are first

performed, and then it is 20 determ ned at step S604 whet her the flag WPF
is at the value If answered in the negative (i.e, if waveformdata is not

being witten into the out 4, the processing goes to
step S605 in order to chefKIONE tGENBRATGRNRROCESSING i H Whi ch t he out put buffer
received at step S601 is (oBASE) OR REURN cEQUESAt ne& step S606, a
determnation is made as to whet her tEe time witten in the register W' by
the WAVE process falls within the repfoduction tinme range. If answered -
78 - in the negative at stdqmpSE96.00tH¢ PRIORESOUT~DBYSES; on to step S607 in
order to clear all the wavqfoorrordsyece rom t hat qut put buffer and then

returns to the main routines tf—onrthe—other—hand, answered in the
affirmative at step S606, the 5 prafessi ng goes to step S608 cl ear those

of the waveform data frcr&)&l’i% ﬁﬁt&&lﬁu WRE TWEN]?'&FE“:Q/%%@O' t herein before
the THOSE POSSESSED BY T.G. SECTION

CREATE DATA INDICATIVE OF TIME ~—S83

WHEN RETURN REQUEST HAS BEEN ISSUED

F I G. 1 4

TONE GENERATOR PROCESSING I
BASED ON RESET REQUUEST

CLEAR EACH T.G. REGISTER [~—S91
& OUTPUT BUFFER

|

INITTALIZE QUTPUT DEVICE [~—S92

4

RESERVE REPRODUCTION FROM CLEARED [~—S93
OUTPUT BUFFERS IN INPUT DEVICE

|

ACTIVATE OUTPUT DEVICE & START | ~—S94
SOFTWARE TIMER

F I G. 15
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poi nt corresponding to the tine witten in the register WI. At next stepw/17

S609, the | eading-portion data of the waveform data stored in the wave
buffer WB are witten into an areas 10 of the output buffer which
corresponds to the reproduction tine range followng the tinme witten in
the register WI. After this, the processing noves on to step S610 to change
the value of the flag WPF to "1" and then returns to the main routine. 15

| f answered in the affirmative (i.@6\NE FRAMBavef orm data is bei ngNBAFRAMEen into
the output buffer) at €tep—S60Z4—tie ProTesSIMYg U0eS T0 ST2F S6TT TH of der
to wite, into the output buffer, those of the waveformdata stored in the

wave buffer iﬁ? orrespond 'ﬂ(sj t& producti on ti of th 28\‘(
recei ved out hgefce . €., ol IN6wi ng wavef haWi so far
been wri tten |nto t he, out put buffer) At ;next step 8612 a determpation is

made as to whether or inot ithel wavief oim data writi ngi has been corrpl eted

before the eNMEIATA he siofagei ari@ab {#nl idMe oltput 7 Dif-Bd0-3  LiNth a
negative 25 FORWEHEY ni nati on, the proeess! ng returnsito the imain rodtine,

whi |l e vvith ?IW tii veideterminatiion, it hel processl ngi novies an to step
S613 in order det erini ne whet har wavef ormdata based Dn a next wavef orm
data reception event —Haveibeeh—: ' > TIME

0 10 20 30 40 50 60 70 80 90 100 110 120 msec
F I G. 1 6

(' FAKE MIDI DRIVER )

CONVERT MIDI CHANNEL NO. IN RECEIVED [~— S220
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|
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T.G. API
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- 79 - witten in the wave buffer WB. If answered in the negative at stepl/17
S613, the processing goes to step S614 in order to clear those of the
waveform data witten in the output buffer after the storage area in 5

whi ch the waveformdata witing has been conpleted at step S611. After

this, the processing noves on to step S615 to change the value of the flag
WPF to "0" and then returns to the main routine. If answered in the

negative at st &UANGBTBS R he processing 10 goes to step S616 in order to
det er mi ne whet her t time witten in the wave buffer WB along with the
waveformdata in reggonsa to the next waveformdata reception event is

after or within &R pduction tinme period of the output buffer or before

the reproduction tine pefiod (i~e——THEe TTTE Nas 1bo al ready passed). |If
the tine is after the repregduction tine period of the output buffer as
determ ned at step S616, /A he processing goes to step S614 in order to
perform the above-hémseohed

—> DELAY
¥ I G. 1 9O AMOUNT OR
QUANTITYS R
SRmax} ...
I
1 Omsec |
—> DELAY
AMOUNT OR
F I G. 2 0O
NUMBER OF CH’S
CHmoa x

L_'—l__

—> DELAY

AMOUNT OR
FIG. 21
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operations of steps S614 and S615. 20

S618, the | eadt
buffer WB are
to the reprodd
regi ster WI. A
Further, if tH
buf fer as dete
order to witg
witing has be
wavef orm dat a

“WAVE out API”

vvrltten into an areas of_the out

If the time is within the
reproduction tine period of the output buffer as determ ned at step S616,
the processing goes to step S617 in order to clear those of the waveform
data in the output buffer which are |ocated therein before the storage area
corresponding to the tinme witten in the register 25

(HEM eMjI Hgl-
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next waveform data reception event, and then the processing 10 returngd3fig
the main routine. By execution of such tone generator processing Il, the
wavef orm data supplied fromthe application software APS1 is witten, as an
initial value, into an area of the output buffer determned in

consideration of the tolerable tine delay 15 in the waveform formng
processing by tone generator processing I, before the waveform data
formed by tone generator processing | is witten into the output buffer.

Then, in the sane tone generator processing | as shown in Fig. 12, the
wavef orm data fornmed for each of the tone 20 generating channels is
accunul atively added to the initial value, so that the waveform data are
m xed together in synchronlsn1mnthout being influenced by waveform data

formng timpgTmrtome-generatorprocessr g1 Frg—zﬁ—rﬂ a flowchart
illustrating]an exanple of "tpne 25 generator processing |I1" executed in

response to p reset request fromthe output device (step |S7T& . of Fig. 13).
At step S701 Ehe CPU 3 cl eaE}s\{[Bl datia f nthe tone gene %W)r registers,
out put buffe’g and wave buffer . | Nanelly, phe =
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- 81 - waveformdata and tine data witten in the wave buffer WB by the
WAVE process in response to each waveform data recepti on event having
occurred so far are all cancelled, so as to start reproduction with newy
recei ved wavef orm dat a. At 5 foll ow ng steps S702 and S704, the sgg%/7
operations as at steps S92 to S94 of Fig. 15 are executed. Then, the é
returns to the nmain routine. The above-nentioned gperation for witing the
wavef orm data fromthe application software APS1 Y¥nto the area of the 10
output buffer as an initial value need not alwaysnbe perforned as part of
tone generator processing |l executed in responsdlto a reset reqtiest from
the output device as shown in Fig. 29, but may be)perforned bef%ﬁ

formati on of waveform data by tone generator prao as anot her
exanple, the 15 initial value witing nmay be ¢ 4 eyt one
formng area is set for the quantity SR at step %g & |gener 4t or
processing | of Fig. 12. The waveformdata g éﬁk. o féglication
software APS1 are of different sanpling freqyengi Y di ffer in
sanpling frequency fromthe waveform data forjmedL
© o
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t one generator processing |I. Thus, as a preparation for the above-nentlboiied
operation to wite the waveformdata stored in the wave buffer WB into the
out put buffer, the waveform data may be subjected to predeterm ned

i nterpol ating or 25 over sanpl i ng operations for matching the sanpling
frequenci es. The above-nentioned reproduction timng adjustment, taking
into consideration the tolerable tine delay i n the waveform form ng
processing by tone generator procegss+rg - 82 - may al so be applied to

i mage data and other information mthe application software
APS1. Thus, in the system confi [ 0 25, the waveform data

out put fronlthe application soft »1 to the 5 third interface I1F3 is

m xed, in a synchronized fg hvgp AﬂvefoquQ@quforned by the
softmare t one gener at G—und note- on event data

received via the first |nterface ' ¢ thus-m xed
wavef or m dat a $Q&bhplli ed vi a { FB4REom T Nt erfacéS 4t o|t he operating 10

system In thisdwayy, any tinme deléy I g Javef or i dat ¢
OUTPUT GENERATED OUTPUT GENERATED OUTPUT GENERATED
WAVE INFO. TO WAVE MIDI INFO. TO MIDI OTHER INFO. TO
API AP CORRESPONDING API

FI1G. 27

WAVE INFO. RECEPTION
EVENT PROCESS

WT<«CURRENT TIME+A t ~—S501

|
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ALONG WITH WT

S504

T
IN POSSESSED
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NO WRITE WAVE SAMPLES |~ S505
INTO AREA CORRE.
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]
WPF«1 ~— S506
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formati on by the software tone generator nodul e SSM can be appropriaté‘f”@}7
adj usted for matched timng of the waveform data reproduction. According to
Measure 1 enployed in the above-described 15 enbodi ments, the
predet er mi ned nunber of sanples of tone data are belatedly forned, for each
frame, at sonme of the subsequent activating times. However, it does not

necessarily nean pr edet er m ned nunber of sanpl es
of tone data neeflSTON® GENERARORTHREGESSINGAIt hi n Y he sane franme. 20
Particularly, tNGAEED-ObANRERERNREQIESE desi ghed to reserve a plurality of

output buffers, having tone dgta witten therein, for reproduction as shown
in Fig. 7, and thus &ﬁﬁﬂ tion of the pr edet er m ned
nunber of tone data g%g%@mwggﬁﬂﬁﬁﬁﬁgﬂﬁﬁ1 :% (gg frame, is possible to
perform25 arith brm t he renalnlng tone data in a
subsequent fra anple of Fig. 6, tone data
left unformned i|OGHE THE RREEIRI-OUTBUTABYFEER 10 Hiof @2 interrupt signal

generation at diD &F AWRRABY-POSSESSER QUTPUT BUFFERS
v
CREATE DATA INDICATIVE OF TIME ~-S603

WHEN RETURN REQUEST HAS BEEN ISSUED

NO i:ﬁE: YES
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predeterm ned points are forned by the end of the last activating time ini7/17

the sane frane,
may be carried over to a next
unforned at four 5

frame. For exanple, all

the arithnetic formation of these |eft-unforned tone data

tone data | eft

activating tinmes of one franme need not necessarily be

formed by the end of the tenth activating tinme of the sanme franme as in the

exanpl e of Fig. 6;
and eighth activating tine
activating tinme of the fra

i nst ead,

the other tone data |l eft unf\QBAED Q% A(REEETWREQUESTand te

only the tone data left unforned at the seventh

S f the tenth
TONE GEMBRATOR PROGESSINGetH ¢ f §rmi ng operati ons of
h activating tines

may be carried over to one or
when the internal interrupt s
Fig. 16, formation of tone da
be carried over to a next fra
enbodi nents, the control para

section and data indicative of a note-on

the event are stored into the
i ndi vi dual tone generating ch
and note-off processes.
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sectlo U%EF nénber Qf:the out put buffers to be reserved for reproduction
zb 69%hy‘o her value than "four". 15 Al so, the nunber of the

outp uffers proxbﬁe in the RAM5 may be greater t han t he

abové- ment i oned Tiumber | of the out put buffers to be reserved for

repr cduct+enA—prior _to activation of the tone generator section. Mreover,

al t hough the embodi ment s have been descgi bed 20 above as executing all of

Measure 1, Measure 2, Measure 3 and Meastre 4, the tone generation may be

prevented from being hindered by a delay in the activation of the tone

generator section @en in a case where each of these neasures is executed

i ndependently of tht other neasures. Only one of 25 t hese neasures or an

appropriate conbin?tion of two or three of the neasures may be execut ed.

The above-described enbodi nents are arranged to store, in the output

buffer, wavefofmdata for 400 nsec nmaxi mumto - 85 - and then out put

t hese wavefornjdata. This arrangenent woul d present |a significant

i nconveni ence phen the waveform data
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FEPT ACEMENT SHEET

output;lases synchronf

.gzgggi gféga%f%q?ﬁ% repr

t ake an

timngi{of a MD nessage
|nforné%roﬁ~(sueh~as"baekground pi ct ur

so that the tone generat
executed a little ahead

appropriate..colng

mw th reproduction timng of other information
tures or words image for 5 kar aoke si ngi ng)
pduced nusic piece, so that it is preferable to
erplan for synchroni zati on. For exanpl e, out put
may be brought ahead of output timng of other
or words inmage for 10 kar aoke)
the software tone generator is
processing; this alternative allows

i ng processin
of the other

al | necess¥Py MESIAGEmation to be ultimately output in a synchronized

fashi on. I addltlon while in th- descri bed enbodi nents the
present ip 2 e the CPU
is progra one generati ng proceSS|ng based on the waveform
menory net invention may be applied to a software tone
gener ator where 20 CPU is programmed to execute tone the
generat i simg”based on anot her suitable method such as the FM
synthe5|§ thod. Moreover/, while in the described enbodi nents the present

i nvention lf applied to

the software toni gener at or mheif t he

FORMING FORMING FORMING FORMING
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FurthérnDre

~lo.executeijt
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efsena “conputer is programmed to execute tone generating
ept invention may be applied to a software tone

U*Ioaded in a dedicated tone generating device is
86 - tone generating processing.

t he perfornance i nformation,

on the basis of which waveform

dat a rs~tﬁ-be~#e%ﬂed-nhy be in any ot

r formthan M DI

form Various

superior benefits are achieved by the present 5

i nvention as summari zed
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15 executem%ﬁe ﬁﬁﬁéforn1forn1ng processing on the basis of the received
perfqrnanggbhﬁg‘{gftlon Consequently, the software tone generator can be

r eadill 2 ther application software on the OS | evel and can
recelv ~perfornmance |nﬁornat|on (e.g., MD nessage) supplied via the first
20 |nterface fromthe other application software to thereby form waveform
dat a tﬁffesﬁendLnngQ“ he perfornmance igformation. Wth such an
arrangenent, it is possible to increase—a range of applications of the
software tone generator which is itself application software, and al so
elimnate the need for a 25 har dwar e tone generator in a case where
desired application software, such as gane software, sequencer software or
mul ti medi a software, generating performance i nf or¥rat i on Fb.g., M DI
nessage) is to be applied to the operating systen,of theln - 87 - conput er
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drlven ﬂbr processimyt he performance information. 2. A tone generator
systed1qs gl MKR P ¢l @im1 which further conprises first neans for
supplqug perfornance information to said first interface and second neans
for 10 &sendi-ng-—perfionmance information to said software tone
generdtor, and wherein gaid software tone generator executes sound waveform
dat a fUTWTﬁU”UW"thE”baSIS of the perforypance information supplied from said
first means via said first interface a ound wgveformdata form ng on the
basis of the 15 performance information supplied directly fromsaid
second nmeans. 3. A tone generator systemas cl@ ned in claimlt wherein
said conputer includes a nmain control section for! executing saifl program
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- 94- ﬁﬁbp*égnﬂﬂhﬁxgﬂgﬁg;data forming in such a manner that a predeternined
nunbeJ %I | es of yayeform data can be fornmed in total by just the sound
wav ef &£g§E$ ﬂ9ﬁﬁu; pyrocessi ng being actually executed in response to the
actlvgt i nstrugt{on actually generated at one or nore of the
predet ern1ned PO ATST 4 A tone generator systemfor form ng sound

wav ef data..hy_use offa conputer havijig installed therein a predeterm ned
operating systemand a program for inpterenting a software 10 t one
generator, wherein said operatin 1 udes an application | ayer and

a driver layer, said operating s t e BlTso i cluding a first interface for
recei vi ng performance infornat@%aigi the basis of which waveformdata is to
be formed and delivering 15 t wyved perfornmance infornmation to a
programinstalled as a dNVnafEfor
sai d operating syste .
data and del:% g . ormdatatoawaveform
outputting p 1 V§

OUTPUT GENERATED OUTPUT GENERATED QUTPUT GENERATED
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20 processing the waveformdata in said operating system said program
processi ng the performance information and sai d wavef orm out putti ng

| ayer of said operating system said
software which is run in
sai d application layer of said operating systemand executes sound waveform
data form ng processing to formwavefojg data on the basis of the received
Qut s the fornmed waveform data vi a
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performance information to said software tone generator installed as said
driver for processing the performance information. 5. A tone generator
systemas clained in claim4 wherein 15 sai d conputer includes a nain
control section for executing said programinplenenting a software tone
generator and another programin a parallel fashion, said nmain control
section including neans for generating4gn activating instruction at one or
nore of a plurality of predeternlned 20— points within a predeternined
time period when said program 3 ware\ t one generator may be
actual |y executed, and whi dhgf & %ﬁ{adﬂustlng means for

adj usting the sound wavef or W HENch a pénner that a 25
predeterm ned nunber of sanples of wavefprmdata can be formed in total by

just the sound wavef orm dat a executed in response to
the activating instruction |[CLEARG.G. AEGIGEHRBY OYEhiEr afed-&7Q@®E or nore of
the predeterm ned points. BUFFERS & WB

INITIALIZE OUTPUT DEVICE ~—S702

4

RESERVE REPRO. OF FOUR OUTPUT ~—S703

BUFFERS
4

ACTIVATE OUTPUT DEVICE & START [ ~—S704
SOFTWARE TIMER
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6. A ton RERLA,FE}ENT 1@%! as claimed in claim5 whereln Al e'aimh of the

pr edet er nj ng gai d activating instructién™is ‘a Lually| A
gener at ed Sau é@ﬁd@@g ans 5 det erm nes, :a: quaﬁTPt 9 ,umﬁvef@nwidg}a
to be forphef_in_response the activating instpuctivh>as a Tunctl@nugﬁ
left-unfofmed quantity of vef orm data that shoyliguhave: béén fggnedwup 0
sai d poi N¥mghgh- re tone generator fqrptxthe‘ﬁeterW1ned quantlty
of waveformdata in response to 10 sard activating instruction.y.®.- A9 A
tone generator systemfor form ng sound maveforn1dgta by -exécdt’i ng a-sound
program operating under control of anLege&eMnbned operating system
wherein said operating systemi ncl udes—amapptt+cati on 15 | ayer and a
driver layer, said operating systemalso including a first interface for
receiving performance information on the basis of which first waveform data
IS to be far.nedaandnedekenetriangrt By stemeifved fpemingmepaad whoefdrmodata a
programinstalled as a driver for processing the perfornmance 20

i nformat i oyl nssapll apeempubegr haviorg inseCioell ithearefiaca poedetesmined

. m xed waveform data and delivering the m xed waveformdata to a waveform
out put 6i ng opergtimg eXslendend a driogaam dompriberbetenting ai gedtwavef orm

data in said
tone generator,

f—t-

wherein said operating system includes an application

layer and a driver layer, said operating system also including

a first interface for receiving performance information on the
10 basis of which waveform data is to be formed and delivering
the received performance information to a program installed

as a driver for processing the performance information in said

operating system, and a second interface for receiving formed
waveform data and delivering the received formed waveform data
15 to a waveform outputting program installed as a driver for

processing the waveform data in said operating system, said

program for processing the performance information and said

waveform outputting program being run in said driver layer of

said operating system,

20 said software tone generator is application-level

software which is run in said application layer of said

operating system and executes sound waveform data forming

processing .to form waveform data on the basis of the
performance information and outputs the formed waveform data

25 via said second interface, and
said tone generator system comprises a fake driver which

is installed as said driver for processing the performance

information in said operating system and programmed to receive

AR
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operating gystem and & fhird interface for receiving formed 25 waveform
data and /dgl i $erAlig 19g0e %o med waveformdata to a programinstalled as a

driver f@r {processing th or med - 97 - waveformdata in said operating
system a&n eiff-sai-e spbund programis installed as said driver for
processing. the _performance}f i nformation and said driver for processing the
formed waveformdata i'n~sal d operating system 5 and sai d sound program
executes a formng step of executing td generating processing to formthe
first waveformdata on the basis of the performance information received
via said fi | i TN ;st.e L. X} s | r

fashion, t hfaﬁ% (?rér?eigﬁfwavefeo?%@gg%n gQFL ggxe@%g vé\]%é;a Sgﬁad Istg %lﬁr §¥€%P iq{|.$!neitze cf'fce
and the firsndwetd ehe datailen B fyrvadck HYFEr toaP tbos 4 04 @&é{}ﬁvﬂé‘ed
wavef orm data, and an outputting step of outputting to said secon _

i nterface theneigememaveform data m xed by said mxing step, whereby said
first interface delivers the received 15 performance information to said
sound program i nshereby asaid first interface delivers the received

5 performance information to said fake driver installed as said

driver for processing the performance information.

2. A tone generator system as claimed in claim 1 which
further comprises first means for supplying performance
information to said first interface and second means for
10 sending performance information to said software tone
generator, and wherein said software tone generator executes
sound waveform data forming on the basis of the performance
information supplied from said first means via said first
interface and sound waveform data forming on the basis of the
15 performance information supplied directly from said second

means.

3. A tone generator system as claimed in claim 1 wherein
said computer includes a main control section for executing
said program implementing a software tone generator and
20 another program in a parallel fashion, said main control
section including means for generating an activating
instruction at one or more of a plurality of predetermined
points within a predetermined time period when said program
implementing a software tone generator may be actually

25 executed, and

which further comprises adjusting means for adjusting
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yskidngtitie performance information, and said third

sai d driverﬁﬁﬁgﬁgiwnnmm_
interface deljivers the forded waveformdata to said sound programinstalled
as said drijvgr oYAWGqeEssing the formed waveformdata. 20 8. A tone
generator gystemas clained itn claim7 wherein said mxing step mxes the
wavef or m dgt a~by~accunut-att vel y addi ng t he waveform data forned by said
formng stgp to the waveformdata received via said third interface as an
initial value. 25 9. A"ret hod of TéVthg sound waveform data by use of
a conputer having installed therein a predeterm ned operating - 98 -
system and r f | Ln e e ge , rein

y thd' 88LAR Wiv qugén?eS”BQ{:A %&nﬁqgt‘r’]\?{x S n% gx%gﬂe‘if t &

said operating systeminc an applicatio ayer a river Tayer,
sai d oper atdrHetestneiid D alubetdod samles Hekhavee ot dhBEta b BOLIRGMANCE
5 infornmati on on the basis of which waveformdata is to be forned and
del i vering ihetdecLei bgdijnet f ehanseaninivargBbicAn dk@aa £pEMIHMprdTealsiad as a
driver for processing the performnce

being actually executed in response to the activating

5 instruction actually generated at one or more of the

predetermined points.

4, A tone generator system for forming sound waveform data

by use of a computer having installed therein a predetermined

operating system and a program for implementing a software
10 tone generator,

wherein said operating system includes an application

layer and a driver layer, said operating system also including

a first interface for receiving performance information on the
basis of which waveform data is to be formed and delivering
15 the received performance information to a program installed

as a driver for processing the performance information in said

operating system, and a second interface for receiving formed
waveform data and delivering the received formed waveform data
to a waveform outputting program installed as a driver for

20 processing the waveform data in said operating system, said

program for processing the performance information and said

waveform outputting program being run in the driver layer of

said operating system,

said software tone generator is application-level

25 software which is run in said application layer of said

operating system and executes sound waveform data forming

processing to form waveform data on the basis of the received
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i nf or mat i REPM\@EMBJ\QWH-’&FT g systemand a second interface for receiving
formed wa e "orm data-arnd-de] i vering the received 10 formed waveform

data to |ajway ting programinstalled as a driver for
processin he '%@gm atla in said operating system said program for
processi ng the-perf-on ejinformati on and sai d waveform outputting program
being runiin said driver |gyer of said operating system and 15

wherei n sai d SoftWare-toreigenerator i3 plication- |evel software which
is run in said application |layer of said operating system and executes

Sound vaveliit Sidade AT OLGS U SO AU IAB A YA 0 as! <

of the perfoormance i nformation and out

via said seetidsaid esdaeed ﬁ@télrf@éémdaﬁ@”p“ sing the steps of: SUIOpl ying
desired performance information to said first interface; receiving the

desired performsaddisdDtwatd aord Gonedtiatotbis L1hssh1isess age drRAS of
a programinstalTe ed as a driver for processing the waveformdata in sald
operating st eprocess sendileg fdref g ve di Ry iR Ric el fdRigeyatingpai d
software tone generator so that sard tone generator executes

5 system and programmed such that said software tone generator

receives the performance information deliveréd via said first
interface, said software tone generator executing the waveform
data forming processing on the basis of the performance
information received via said first interfaceL

10 whereby said first interface delivers the received

performance information to said software tone generator

installed as said driver for processing the performance

information.

5. A tone generator system as claimed in claim 4 wherein

15 said computer includes a main control section for executing

said program implementing a software tone generator and

another program in a parallel fashion, said main control

section including means for generating an activating

instruction at one or more of a plurality of predetermined

20 points within a predetermined time period when said program

implementing a software tone generator may be actually
executed, and

which further comprises adjusting means for adjusting

the sound waveform data forming in such a manner that a

25 predetermined number of samples of waveform data can be formed

in total by just the sound waveform data forming being

actually executed in response to the activating instruction

) DN



- 99 - the Ave ornrdafa%ﬁgrn1ng processing to form sound wavef orm dat a
correspond t40, }Q g&?lﬂed performance information, wherein a fake driver
i's installe% assgé ver {for processing the perfornance information in
sai d operatiing.5.. systggnand programmed to receive the performance

i nformati dn dellvered Vi a szld first interface and send the received

per f or man aid software tone generator, whereby said first
interface delivers the received perfornéﬁke information to said fake driver
inStaIIed as said 10 driver for processing the perfornmance information.

10. Meidiath 0fy G@nEia% e3OH R o NE Y RoPedaE oty Méﬁeﬁnl‘%@?ﬂ)i%&htgaw ng

|nstalled therein a predeterm ned operating system and a program for
i npl ementing a software tone generator, wherein said operating system
i ncl udes an 15 application | ayer and a driver |ayer, said operating

system i ncleudi n@ aocher genemrhevkaseston aecelaimed piai foelratam e whafrerimaaton on
the basis of which waveformdata is to be fornmed and delivering the

recei ved pedar meofce thd orpradedremmonedr gyriarhs natha@n edadsl a agrtiivart ingr
processing the performance

instruction is actually generated, said adjusting means

5 determines a quantity of waveform data to be formed in

response to the activating instruction as a function of a

left-unformed quantity of waveform data that should have been

formed up to said point, and said software tone generator

forms the determined quantity of waveform data in response to

10 said activating instruction.

7. A tone generator system for forming sound waveform data
by executing a sound program operating under control of a
predetermined operating system,

wherein said operating system includes an application

15 layer and a driver layer, said operating system also including

a first interface for receiving performance information on the

basis of which first waveform data is to be formed and

delivering the received performance information to a program

installed as a driver for processing the performance

20 information in said operating system, a second interface for

receiving mixed waveform data and delivering the mixed

waveform data to a waveform outputting program installed as

a driver for processing the mixed waveform data in said

cperating system, and a third interface for receiving formed
25 waveform data and delivering the formed waveform data to a

program installed as a driver for processing the formed
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20 gﬁ&&&k&khhihhtédid operating systemand a second interface for
receiyihg forned mavdfdrn1data and delivering the received formed waveform
dat a f of a MdBERPHY o tgutting programinstalled as a driver for processing
t he veform data in(sdid operating system said programfor processing the

perf or mance 25 I nformati on and sai d wavef orm out putting program bei ng run
in sal.d.deiver |ayer. ofl said operating s%§ten1 and wherein said software
tone generator is application- - 100%7 revel software which is run in

said application |layer of said operating system and executes sound wavef orm

data form tq, f d #Hht asis of the

perfor mnc%vrg %aﬂga aJ%}:I ﬁ%ﬂ%ﬂlﬁgﬁﬁgS wave o&r)m data 5 via said
second interfacemérd th "®A1@0s 6B pebgPahNesSiRBEaRical AST 8hliaNArigkd
program for inplenenting a software tone generator, as a drrver in said

operati ng it pHocaisd igdPhii Per fesmaate AsrHornaies aifosard idHiver Fard
first 10 interface,

processing the formed waveform data in said operating system,

5 and said sound program executes a forming step of executing
tone generating processing to form the first waveform data on
the basis of the performance information received wvia said
first interface, a mixing step of mixing, in a synchronized
fashion, the formed waveform data received via said third

10 interface and the first waveform data formed by said forming

step to form the mixed waveform data, and an outputting step

of outputting to said second interface the mixed waveform data

mixed by said mixing step,

whereby said first interface delivers the received

15 performance information to said sound program installed as

said driver for processing the performance information, and

said third interface delivers the formed waveform data to said

sound program installed as said driver for processing the

formed waveform data.

20 8. A tone generator system as claimed in claim 7 wherein
said mixing step mixes the waveform data by accumulatively
adding the waveform data formed by said forming step to the
waveform data received via said third interface as an initial

value.

25 9. A method of forming sound waveform data by use of a

computer having installed therein a predetermined operating

O



said s lfﬁ,Z'A \ ' recei ving the desired perfornmance information
froms -nter#a e so as to execute the waveformdata form ng
proce55|mg1L§ D@ﬁ oun wavef orm data corresponding to the desired
per f orjmaince é tion, wherein said software tone generator is

i nst aljl d-as. SaJd.d[LJEF for processing the performance information in said
oper atfi ng system and prqgranned such that said software tone generator

recei VEs™the—perfermancd i nformati on del3&ered via 20 said first

i nterface, said software tone generator executlng t he waveform data form ng

p_rocessi ng {88 hasd s Lof gtlg’%f{%rﬁ;f ng’ang gﬁf@ﬁgon resc@f%éu 3203@ d

first interflace, whereby s |nter rs the receive

per f or mancegénd £4 & | ONwh8rsahd %@fifd/var@péﬁleiwnegﬁgeém%mclluabal | e as
said driver for processimg the performance mformatTom—ti—Amethod of

f orm ng sousaspWbvet boin Dayar bgnaxacditireralayer,1@¢hid sPeihyimRyrHBtem
operating under control of a predetermned
including a first interface for receiving performance

5 information on the basis of which waveform data is to be
formed and delivering the received performance information to

a program installed as a driver for processing the performance

information in said operating system and a second interface

for receiving formed waveform data and delivering the received
10 formed waveform data to a waveform outputting program

installed as a driver for processing the waveform data in said

operating system, said program for processing the performance

information and said waveform outputting program being run in

said driver layer of said operating system, and

15 wherein said software tone generator is application-

level software which is run in said application layer of said

operating system and executes sound waveform data forming

processing to form waveform data on the basis of the
performance information and outputs the formed waveform data
20 via said second interface, said method comprising the steps
of:
supplying desired performance information to said first
interface;
receiving the desired performance information from said
25 first interface by means of a program installed as a driver

for processing the waveform data in said operating system; and

sending the received performance information to said

software tone generator so that said tone generator executes

A
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operatin 'systenlvmﬁe¥ k sai d operating systemincludes an application

~layer and L.l Y€ %ayer said operating systemincluding a first interface
for rege ~%3”ﬁ% @@ i nformati on on the basis of which first

mavefornﬂdala.ls to. bel f orned and delivering the received performance
informption to a programllnstalled as a driver for processing the

per f or menee~i-aferaat-i-on-in sai d operating system a second interface for

recei ving m xed wavef orm data and del i~v@8i ng the 10 m xed wavef orm dat a

to a waveformoutputting programinstalled as a driver for processing the

Fecei ving. foFmit e of%tda?%’eéﬁ%'l%?gw%é%%n € sbha°qubarsrsEard (o
program i ngal] ed, 4% \Sﬁ?d_f ﬂ%‘(r) corrprl S& a{H:ée 1% ¢ vt_e_ﬂ‘oq{m dat a

in said operating system ng t e steps o Instat!ling

sai d sound prograBAsiR &' E¥RE HRigakd ﬁpq&gﬂmewsa@ngaﬁalpaﬂvéﬂ gggi red
performance i nf ormatTom to—sard—fTTst—20—Tnterface; sar ¢soumd—program

receiving tdteadwylrr@d ﬂﬁéf q_smmam@r rmtbemfift&@m Sﬁnd sfalr@t opat:alt&ﬁge SO
as to execd Wa T dat a
5 system and programmed to receive the performance 1nformat10n

delivered via said first interface and send the received

performance information to said software tone generator,

whereby said first interface delivers the received

performance information to said fake driver installed as said

10 driver for processing the performance information.

10. A method of forming sound waveform data by use of a
computer having installed therein a predetermined operating
system and a program for implementing a software tone

generator, wherein said operating system includes an

15 application layer and a driver layer, said operating system

including a first interface for receiving performance
information on the basis of which waveform data is to be
formed and delivering the received performance information to

a program installed as a driver for processing the performance

20 information in said operating system and a second interface

for receiving formed waveform data and delivering the received
formed waveform data to a waveform outputting program

installed as a driver for processing the waveform data in said

operating system, said program for processing the performance

25 information and said waveform outputting program being run in

said driver layer of said operating system, and

wherein sald software tone generator 1s application-

LH \l Il



corres lfv“MQEghéﬁdeéired performance information; and 25

supplyjng said forﬁﬁdimaveforn1data to said third interface, said
sound progﬂaﬁﬂU6C99Widg said fornmed waveformdata fromsaid third interface
and mix 1rg said first {wdavef orm dat a - 102 - and said formed waveform
dat a tjo Tor m i xed eflorm data and supplying the m xed waveform data to
sai d Jernnd interface, \herein said sound programis installed as said
driver for processing the performance-iF¥®rmation and said driver for 5

processing the forned waveformdata in said operating system whereby said

fhrst ot enfas, d8rVa, LR Chess, v ggerfgngga@l SR 853, gsound
i nformtio 137 SoybLefl e dasea el | ¥haal havkedid 4evel epidaga to

said 10 sald érlver for processing t r med

wavef or m dgfrdcelding AtRCRORf rﬁadébbemr e&QEQ' NSh ”%élmtﬁ%'ltsa' RENJ tReJr OUP
of instructions to cause said machine to inplenent a nethod

performance information and outputs the formed waveform data

5 via said second interface, said method comprising the steps
of:
installing said program for implementing a software tone
generator, as a driver in said operating system; EBS
supplying desired performance information to said first
10 interface,

said software tone generator receiving the desired

performance information from said first interface so as to

execute the waveform data forming processing to form sound

waveform data corresponding to the desired performance
15 information,

wherein said software tone generator 1is installed as

salid driver for processing the performance information in said

operating system and programmed such that said software tone

generator receives the performance information delivered via

20 said first interface, said software tone generator executing

the waveform data forming processing on the basis of the

performance information received via said first interface,

whereby said first interface delivers the received

performance information to said software tone generator

25 installed as said driver for processing the performance

information.

11. A method of forming sound waveform data by executing a
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of form nRiFMEENVEMRDIR|dat a by use of a conputer having 15 installed
therein pfr edeterined=gpdrati ng systemand a program for inplenenting a
sof tware tdnegqgﬂgqugg, erein said operating systemincludes an
appl i catilor] 1 ayer and a drifver |ayer, said operating systemincluding a
first intjerface-for-recelving performance information on the basis 20 of
whi ch wajeformdata is to be formed and delivering the received performnce
i nformation to a prograni-hstal |l ed as-al@tiver for processing the

performance information in said operating systemand a second interface for

receiving f Hﬁ? m @ﬂg del,i;yer i receiye r form
dat a 25 ° t%{ a m@g%sg%%ﬁ‘ou%f?l ng prﬁég)régm c?%é’%%ﬁ eg%asgagjéjre‘l veerEr% qp\gﬁ\é%
processi ng dhie-yeMed O&PR €ah 2 e S 4 Qﬁfaaébéﬂgﬁiﬁbegﬁgéhd iﬂh‘igh%@ o
processi ng the perfornmance | nformat = =

out put ti ng APEPOI R D Noayen aflq Sal drivb¥elalyarer safiasapdraRengt isy@teyst em
and wherei msardsoftware tone generator 75 apptication- |evel software

whi ch is rumc¢luding appl fLpstonihagefadké s@ibd receiving performance

5 information on the basis of which first waveform data is to

be formed and delivering the received performance information

to a program installed as a driver for processing the

performance information in said operating system, a second

interface for receiving mixed waveform data and delivering the

10 mixed waveform data to a waveform outputting program installed

as a driver for processing the mixed waveform data in said

operating system, and a third interface for receiving formed
waveform data and delivering the formed waveform data to a

program installed as a driver for processing the formed

15 waveform data in said operating system, said method comprising

the steps of:

installing said sound program as a driver in said
operating system;

supplying desired performance information to said first

20 interface,

said sound program receiving the desired performance
information from said first interface, so0 as to execute
waveform data forming processing to form first waveform data
corresponding to the desired performance information; 359

25 supplying said formed waveform data to said third

interfaceL

said sound program receiving said formed waveform data

from said third interface and mixing said first waveform data
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h execut es sound waveform data form ng processing to
tthe basis of the perfornmance informati on and out puts
,a#a via said second interface, said nethod conprising
t he téﬁsfai;,;gwpm»j ! supplying desired performance information to said
firsﬂ interface; receiying the desired performance information from said
first=f se—-By--0pans of a programinstalled as a driver for processing
the waveformdata in said operating sys%%%]'and 15 sendi ng t he
recei ved performance information to said software tone generator so that

said tone gaRErAliel FRtRRd Gav E%Ma&sftﬁ%dféfmf]g{;m@wmiﬁ&at Qnfgor m
sound wavef or moata—corresponding to the- . . n
wherein a falghFinertie nieddl bbb fsrmalserty edafi®rsedond POESSSAEW, t he
performanceTnformati on in said operating system and programmed to reteive
the perfornmance widesimt 80d debuner pdoyramsasdihstat 1eat asf sagdamagisend t he
recei ved performance rnformati on 10 sai d softwar e tone generator, wniereby
said first fiort eproaessdelg the spéhiormamte cith f2hma tfienf andesaid idfioremtfioan t o
said fake driver 1nstalled as said driver for processing the perfornmance

i nf or @t i orprocessing the formed waveform data in said operating system,

whereby said first interface delivers the received

performance information to said sound program installed as

said driver for processing the performance information, and

said third interface delivers the formed waveform data to said

10 sound program installed as said driver for processing the

formed waveform data.

12. A machine~readable recording medium containing a group
of instructions to cause said machine to implement a method
of forming sound waveform data by use of a computer having
15 installed therein a predetermined operating system and a
program for implementing a software tone generator, wherein

sald operating system includes an application layer and a

driver layer, said operating system including a first

interface for receiving performance information on the basis
20 of which waveform data is to be formed and delivering the
received performance information to a program installed as a

driver for processing the performance information in said

operating system and a second interface for receiving formed
waveform data and delivering the received formed waveform data
25 to a waveform outputting program installed as a driver for

processing the waveform data in said operating system, said

program for processing the performance information and said

* c L M s *
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13. Rﬁguﬂadhinééﬁéﬁﬂﬁble recordi ng medi um containing a group - 104 - of

i nstyufti'ons to ¢auye fsaid machine to inplement a method of formng sound
wavef o midgaaabyeyise df a conmputer having installed therein a predeterm ned
operfatfi ng systemand g program for inplenmenting a software tone generator,
wherlei m-5--~-gai-t~-oper gti ng systemincludes an application |ayer and a
driWer | ayer, said opgrating systemincluding a first interface for
recei vi ng pertormamce~i nf ormati on on tht0dasis of which waveformdata is to
be fornmed and delivering the received performance information to a program

installed gs a0 dniyer for proce Sb@nf e{lfxéjjror e'fi n

Sy S e-ahn ECORE 2 : ef orm
data and deldMerdig-4en vy forgred waveformdata to a waveform
Qutputting1m%ﬁﬁ%ﬁﬁ*ﬁﬁﬁfﬁiﬁgéfﬁr%réﬁfVer for processing the waveform data
in said operatinghé¥ei®Msaidl sdPtwar¥ 0UHAR ffndHa3&35S1 60 aphe ikgitiehrance

I nformati on and sard—wavef or m out putting program being T0On in said driver
| ayer of sadigvrapaictitiwgresydii®i igngdun in said application layer of said

5 operating system and executes sound waveform data forming

processing to form waveform data on the basis of the
performance information and outputs the formed waveform data
via said second interface, said method comprising the steps
of:
10 supplying desired performance information to said first
interface;
receiving the desired performance information from said
first interface by means of a program installed as a driver

for processing the waveform data in said operating system; and

15 sending the received performance information to said
software tone generator so that said tone generator executes
the waveform data forming processing to form sound waveform
data corresponding to the desired performance information,

wherein a fake driver is installed as said driver for

20 processing the performance information in said operating

system and programmed to receive the performance information

delivered via said first interface and send the received

performance information to said software tone generator,

whereby said first interface delivers the received

25 performance information to said fake driver installed as said

driver for processing the performance information.

13. A machine-readable recording medium containing a group

) ) )
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V\/nereiRCEP_i_«ﬁin sof t watisk [tlone generator is application- level software which
is runiin said appli¢atiion |ayer of said 20 operating system and executes
sound va{ PADG R flofmi ng processing to formwaveform data on the basis
of the perfornance i ff or mati on and outputs the formed waveform data via

sai d {secomnd-tnt-erfaee, sai d nmet hod conprising the steps of: 25

instdlling said programfor inplenenting a software tone generator, as a
driver 1n sard operating system and subM ying desired perfornance
information to said first interface, - 105 - said software tone

generat or 1geeindiig dieulesid othhes fOLIRNEEA MO IRt 0 Lrom sai fethbs!
interface sO as to execute the waveformdata Tormng processing to 1orm

sound wavefs %di%ﬁﬁlgcoééﬂg@wﬂom &Q‘Eac"Biri e 9&”&”% E%r haying

i nfornmation, ereln sal tware tone genérator Is Ins as sal
driver for jNAGASHdAIthELe PR f0r PREGELEPMONER! idYPerdtitRf Usystem and a

program for implementing a software tone generator, wherein

5 said operating system includes an application layer and a

driver Jlayer, said operating system including a first

interface for receiving performance information on the basis
of which waveform data is to be formed and delivering the
received performance information to a program installed as a

10 driver for processing the performance information in said

operating system and a second interface for receiving formed
waveform data and delivering the received formed waveform data
to a waveform outputting program installed as a driver for

processing the waveform data in said operating system, said

15 program for processing the performance information and said

waveform outputting program being run in said driver layer of

said operating system, and

wherein said software tone generator 1is application-

level software which is run in said application layer of said

20 operating system and executes sound waveform data forming

processing to form waveform data on the basis of the
performance information and outputs the formed waveform data
via said second interface, said method comprising the steps
of:

25 installing said program for implementing a software tone
generator, as a driver in said operating system: EEE

supplying desired performance information to said first

interface,
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oper at{ ng systenramnd programed such that said software tone generator

recej ves A RauBewRHET ce information delivered via 10 said first

i nterflace, said Softjwagre tone generator executing the waveform data form ng
prodes%%ngmeﬁm%hem. sil[s of the performance information received via said
firgt interface, whergby said first interface delivers the received

per for nance Thfornmet+dn to said software tone generator 15 install ed as
said driver for processing the performah@® 7nformation. 14. A
machi ne- readabl e recordi ng nedi um contai ning a group of instructions to

cause sai d mRchifig,4 0 JJTLEARNT (et Badonh, LOT 06, SONNY VAYET Al dalgt by
executing a sou : — operatrng under control "of a predetermned
oper ating SystEBmaded eiﬂféﬁh%t;?&‘?r 2LbRY A %Efs”n“i:&?@ér?&b?!’%' a3l lyn

| ayer and a driver layer, said operating systemincluding a first interface
for receividisdied Ot HBNGAvERbSMMREILAN Aty DeSdSe i €8 Ebimt el or m
data is to be forned and delivering 25 the recei ved performance

I nf or mat i orwdveeformi oglata | nEdtd sysbrabi g drid/ertHedr qysaaesti periffitimance
performance information in said operating system a second interface for
recei visng ninfeermation,

wherein said software tone generator is installed as

said driver for processing the performance information in said

operating system and programmed such that said software tone

generator receives the performance information delivered via

10 said first interface, said software tone generator executing

the waveform data forming processing on the basis of the

performance information received via said first interface,

whereby said first interface delivers the received

performance information to said software tone dgenerator

15 installed as said driver for processing the performance

information.

14. A machine-readable recording medium containing a group
of instructions to cause said machine to implement a method
of forming sound waveform data by executing a sound program
20 operating under control of a predetermined operating system,

wherein said operating system includes an application layer

and a driver layer, said operating system including a first

interface for receiving performance information on the basis

of which first waveform data is to be formed and delivering

25 the received performance information to a program installed

as a driver for processing the performance information in said

operating system, a second interface for receiving mixed

) O 0




- 106 - TEfor-m-de ttd [del i vering the mi xed maveforn1dag # H I
outputtifng p instalfed as a driver for processing th f“{m H‘ma t
data in{sai QMBQ%‘g ystem and a third interface f recel ving t®
wavef or ta.and 5 deljvering the forned maveforn1data to a program
installpd as a drlver processing the forned waveformdata in said
operatin

t hod conprising the steps of: installing said
sound programas a driver in said operatPfig-system 10 suppl yi ng
desired performance information to said first interface, said sound program

recei vi ng txl?&v&'féixfneﬁalﬂgr (PR S EhQ”mfiE:%@f & n‘% talpl ekbace,

as to execute waverormdata Tormng pro essin wav ef ormdata

15 correspopsEdemt Cohbsueesh§ e%ﬁ@éi&ﬁ%éﬂéﬁ Maid ory Qﬁ‘iv%’bop'ﬁﬂf‘g
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Abstract

"Tone Generator System Using Computer Software"

MIDI performance information 1is received via an
operating system (OS) and an application-level software tone
generator is driven on the basis of the received MIDI
performance information, so as to allow the software tone
generator to have an increased randge of simple applications
on the OS5 level. To this end, a fake driver (FMD) is
installed in the 0S, and performance information output from
application software (APS1l) is received by the fake driver via
the operating system and then sent to the application-level
software tone generator (SSM). As another example, the
software tone generator (SSM) is installed as a driver in the
operating system so that information output from application
software (APS1) can be received by the software tone generator
via the operating system.

(Figure 1)



