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The present invention relates to a musical sound
generator employed in computer application systemé using
CPU, such as electronic game machines, network karaoke
apparatuses, pérsonal computers etc., and more particularly
relates to a musical sound generator capable of generating
various musical sounds accor_ding to performance infbrmation.

Conventionally, in an apparatus such as a personal
computer, musical sound can be'reproduced by means of a
specialized hardware module such as a sound source LSI and
a sound source board, and by executing programs to control
the installed sound source device.  Recently, performance of
CPU in the personal computer is remarkably improved 50

that the musical sound can be generated by the CPU in place

‘of the specialized hardware module. This sort of the musical

sound generation is called “software sound source” in contrast
to “hardware sound source” which generates musical sound

by the specific hardware. The CPU éomputes waveform data
of musical sound 'a.ccérding to a specific program. The quality

of the sound generated by the software sound source depends
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of .the sound generated by the software sound source depends 2 upon the
penfornance of the CPU executing the program If the CPU has high

perf ormance, the waveform data can be conputed at high speed so that a
sanpling frequency of the waveform data can be raised high to realize high
. quality nusical sound generation. Howevet, if the CPU per formance i s poor
it is difficult to conpute the data at hi gh speed so that the sanpllng
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- reproduced nusi o system 't e variety in
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musical sound generation. However, if the CPU performance
is poor, it is difficult to compute the data at high speed so
that the sampling frequency must be lowered. This inevitably
results in poor quality of the reproduced musical sound.
From system to system, there is a wide variety in the
configuration of the application systems such as the personal
computer, with respect to installation of optional devices.
Generally, the optioxtal device includes a hard disk, a video
card etc., in broader meaning. However, in the present
invention, the optional device means an externally
connectable device involvé_d in the nrtusica.l sound generation.
It should be noted that the processing ability of the CPU
may be different in various system .conﬁgura,tions. Further, in
a situation where an application program to generate sound
‘and another application program to execute other jobs are
simultaneously invoked in parallel, a load of the CPU may
vary dependently on the running status of the programs and
on the status of tasks currently executed in the system. In
this fashion, the effective processing power of the CPU may

vary in the same system. Thus, a user must rearrange basic



may be different in various systemconfigurations. Further, in a situation
where an application programto generate sound and another application
programto execute other jobs are sinultaneously invoked in parallel, a

- load of the CPU may vary dependently on the running status of the prograns
~ and on the status of tasks currently exécuted in the system In this

. fashion, the effective processing power of the CPU may vary in the sanme

whenever an: erptiBnfants SRRl BoRRLaRRL wherk St an Frdiniifetficopiener O
ot _gener at ed 6 PRSI Ebaned e ARdc O, HLVEEY SN Hhechany m ss
I U RN G e R
- reasonabl e until the sound is actually reprodyced. [Further, no gatter how
" the CPU perf orgenerated conpectlsninea enrrants gysaEeR: $Qﬁilpbaﬂﬂﬁﬁf@3fray be
utilized in many cases according to the user's desire

miss and skip of tone occurs at the actual reproduction of the

sound. In other Wordé, it is impossible to evaluate whether

the system configuration is reasonable until the sound is

actually reproduced. Further, no matter how the CPU |

performance is high, an external spund generation hardware

may be utilized in many cases according to the user’s desire

in practical use of the hardware resource. In such cases, full

use of the hardware sound source may cause a problem that

it is impossible to generate a sound surpassing the limitation

of the facility of the sound generation hardware. A variety of

tones cannot be reproduced. A number of timbre kinds

cannot be increased even if there is a sufficient processing

power in the CPU.

N ION

The purpose of the present invention is to solve the
problems described a.bové, and is to provide a musical sound
generator capable of generating various musical sounds with
retaining excellent quality of the sounds.. |

According to the invention, a musical sound generating



in_practical use of the hardware resource. In such cases, full use of the
hardware sound source nay cause a problemthat it is inpossible to generate
a sound surpassing the limtation of the facility of the sound generation
har dware. A variety of tones cannot be reproduced. A nunber of tinbre kinds
cannot be increased even if there is a dufficient processi ng power in the
CPU. SUMMARY OF THE | NVENTI ON The purpose of the present invention is to

~solve the pfoagqﬁie@rgf%ﬁ%%fe%%@s%%efaﬂ% tS éteéhae?fa’eé”ad?ﬁ’si k6@hdsound

‘. generator capa gefieratTng various nu sounds w th retaining
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. generator mgtfirg:i'ea.ting a waveform, second waveform generator means |
operable independently from the first waveform generator
means for creating a waveform, input means for providing
performance information, designating means for designating
at least one of the first waveform gengratbr means and the
second waveform generator means in correspondence with the
provided performance information, controller means for
selectively operating the designated one of the first waveform
generator means and the second waveform generator means
to create the waveform according to the provided
performance information, and output means for generating
the musical sound based on the created waveform.
Specifically, the input means comprises means for
providing performance information which contains timbre
information effective to specify a timbre of the musical sound
and timing information effective to specify a timing of
generation of the musical sound. Further, the designating
means comprises means for designating one of the first
Wé.veform generator means and the sebond' waveform

generator means in correspondence with the timbre

information so that the output means generates the musical



oper abl e i ndependently fromthe first waveform generator means for creating
a waveform input neans for providing performance information, designating
means for designating at |east one of the first waveform generator neans
and the second waveform generator neans in correspondence with the provided
. performance infornmation, controller nearss for selectively operating the

: designated one of the first waveform generator nmeans and the second

: wavef or m gener at or ans tq create,the, wavef orm according to.the provided
~ performance i OB ¢ %ﬁ,ngaﬂse §F@§lﬁe$rébl\%rﬁoﬁ"t g%ﬁ@@&cﬂﬁ@gtmi cal sound

based on the creat veform Specifically, the input neans conprises
nmeans for provi di nﬁﬂpﬁngaﬁm m¢@ﬂ$r§ilaﬁrmﬂiﬁ1§ﬂ' rasa,naioﬁenabla%

information effective to specify a tinbre of the nusical sound and tim ng
i nfornmation efdesired dor coipeidently designating hotkraft the: first wavefosixal
sound. Further, the designating neans conprises neans for designating one
~of the first vgsredrator gasanstand thensecond whaveferangenerstiorr megsises@t or

means in correspondence with the tinbre information so that the out put
neans gener at ehdththéwdngabller means operates both of the first waveform
generator means and the second waveform generator means
to concurrently crea,té waveforms in parallel manner.

The input means may comprise means for providing
performance information effective to command concurrent
gehera,tion of a ph;ra.lity of musical sounds. Further, the
designating means may comprise means for designating one of

| the first Waw}eform generator means and the second waveform
generator means according to a number of concurrent musical
sounds specified by the performance information such that
the designated one has a capa,citsr sufficient to create a
number of waveforms corresponding to the number of the
musical sounds.

The designating means may further comprise means
lopera,t'ive when the number of the concurrent musical sounds
exceeds a capacity of either of the first waveform generator
means and the second waveform generator mieans for
designating both of the first waveform generator means and
the second waveform generator means to ensure complete

generation of the concurrent musical sounds.



5 sound ‘having the specified tinbre at the specified timng. The
designating neans may include nmeans operable if desired for coincidently
desi gnating both of the first waveform generator nmeans and the second
wavef orm generator neans so that the controller means operates both-of the
first waveform generator neans and the s®cond waveform generator neans to
concurrently create waveforns in parallel manner. The input neans may
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create a nunber of wavef,orns ¢orrespondi ntg to the nunber of the nusical
sounds. The dSi3yhEOTHRIIRG A INernad Waetozomgenesaternintegrated with

the controller means so that the designating means designates
the internal waveform generator in place of the external
waveform generator when the same is not connected to the
controller means even though the external waveform
generator should primarily correspond to the provided
performance information. |

The second waveform generator mea.né, the input means,
the designating means and the controller means may be
integratéd with each other to constitute a main part
composed of a computer, while the first waveform generator
means alone constitutes a sqpplementa.ry part which is
separate from the main part and which is optionally
installable in the computer. . |

The first vs-ra,veform generator means may be composed of
a hardware module driven by the controller means, while the
second waveform generator niéans may be composed of a -
software module installable in the controller means.

The second waveform generator meéné may comprise a
plurality of digital waveform generators which are operable-

based on different algorithms to arithmetically create digital



operative when the nunber of the concurrent nusical sounds exceeds a

capacity of either of the first waveform generator neans and the second

wavef orm generat or nmeans for designating both of the first waveform

- generator neans and the second waveform generator neans to ensure conplete

- generation of the.concurrent nusical souhds. The first waveform

- generator ‘neans nmay conprise an external waveform generator optionally

connectabl e t rRQlJ: ek whi | &y:1- el fort rat or
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' same i s not connect to tfgﬁﬁ%mro | er ans even ﬁhou% t{lfg‘&external
wavef or m gener®® SRrL BT WY R T SEBST RIS, PEGP R & ER f or mance
I nformation. The secon vef.orm gener gt or neans, the input nmeans, the

- desi gnating Pﬁﬁw(ffkfmﬁ@ﬂw aFNabighe :

The second waveform generator means may include a
digital waveform generator of a waveform memory type
operable based on a relatively simple algorithm to create a
digital waveform having a relatively low quality, and another
digital waveform generator operable based on a relatively
complicated algorithm to create another digital waveform
having a relatively high quality.

The second waveform generator means may comprise a
computerized waveform generator operable a.cco_rding- to a
given algorithm at a variable operation speed to create a
digital waveform by successively computing sample values of
the digital waveform. Further, the controller means may
comprise means for provisionally operating the computerized
waveform generator to carry out trial creation of a model
digital waveform while measuring the operation speed at
which the trial creation is carried out, determining means for
optimally determining a sa.mpﬁng frequency comparable to
the measured operation speed, and means for actually
operating the computerized waveform génerator to enable the

same to successively compute sample values of an actual



integrated with each other-to constitute a main part conposed of a
conputer, while the first waveform generator neans al one constitutes a
suppl ementary part which is separate fromthe main part and which is
optionally installable in the conputer. The first waveform generator neans
may be conposed of a hardware nodul e dri®%en by the controller neans, while
t he second waveform generator neans may be conposed of a software nodul e
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which is lower than and closest to the measured operation
speed. |
The controller means may furthef comprise changing
means operative when the determined sampling frequency
falls below a critical level which is deﬁned 'to ensure a
minimal quality of the digital waveform for changing the
algorithm to raise the operation speed of the computerized
waveform generator so that the sampling frequency can be
redetermined to exceed the critical level.
The changing means may comprise means for'cha,nging
the algorithm from a complicated one to a simplified one such
that the .compﬁterized waveform generator opei'ates based on
the simplified one of the algorithm to successively read out
prestored ones of sample values to reproductively create the
digital waveform.
According to another aspect of the iﬁvention, a sound
generating apparatus creates a digital waveform to generate a
musical sound according to performance information. The
apparatus comprises input means for providing performance

information, computerized waveform generator means



operabl e based on a relatively sinple algorithmto create a digital

wavef orm having a relatively low quality, and another digital waveform
generator operable based on a relatively conplicated algorithmto create
anot her digital waveformhaving a relatively high quality. The second
wavef orm generator nmeans nmay conprise a onputerized wavef or m gener at or
operabl e according to a given algorithmat a variable operation speed to

i o1 tal vaver opRErRlfE Rafediol L AedrifB e Aot iie b Sraiis r or
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speed at which the trigl creation.is carried out, determ ning neans for
opti mal |y det esaimmlagvaluesf the digtal sveyelosmpatrial aneans fer measur ed
operation speed, and neans for actually operating the conputerized waveform
generator to epabvisionallyampeltatingddm; sompyterimed vearcefophe geaknatonf an
actual to carry out trial creation of a model digital waveform while
measuring the operation speed at which the trial creation is
carried out, determining means for optimally determining a
sampling frequency comparable to the measured operation
speed, controller means for actually operating the
computerized waveform generator to enable the same to
successively compute sample values of an actual digital
~ waveform at the 'determined sampling frequency, and output
means for generating the musical sound based on the actual
digital waveform according to the provided performance
information.
In the inventive apparatus, the input means provides the
performance information, and the designating means specifies
which of the waveform generator means should generate a
waveform of the musical sound relevant to the performance
information. The waveform generator means specified by the
designating means is controlled to generate the waveform of
the musical sound relevant to the performance information.

Thus, the performance information itself can specify which of

the first and second waveform generator means should



digital waveform at the determ ned sanpling frequency according to the
provi ded performance information. The determ ni ng nmeans may conpri se neans
for fixing the sanple frequency to one of stepw se predeterm ned | evels,

whi ch is lower than and closest to the neasured operation speed. The
controller means may further conprise chfngi ng neans operative when the
determ ned sanpling frequency falls below a critical |evel which is defined

algor: thm to rasiB e WalrahC of sfle Rl HaBi¥ileR8 by
Orit1 cal |1 ovel therETEHARBRAE IAMOAHAR o drot 38t Adih Sor ORI NANEIT he
algorithmfroma conplicated one tg a sipplified one sych_that the
_conput eri zed VEEREIHLAT Jacanstave dpiserandisingas ap Oghél" Mheifi ed one of the
algorithmto successively read out prestored ones of sanple values to
repr oduct i vel ystenetaree shethiitytheir pooedssing loadand characteristies efspect of
the invention, a sound generating apparatus creates a digital waveformto
generate a  the generated sound may differ in the waveform generation
between the first and second waveform generator means.
Therefore, it is possible to generate various musical sounds by
selecting the first waveform generator means for generation of
the waveform of the musical sound relevant to a certain event
of the performance information, and by selecting the second
waveform generator means for generation of the waveform of
the musical sound relevant to another certain event of the
performance information. Further, it is possible to adjust the
processing load by controlling the allocation of the waveform
generator means to the performance information.
" It is preferable to determine which of the waveform
generator means to generate the waveform of the musical
sound according to a timbre of the musical sound to be
‘generated, because a certain type of the waveform generator
means deserves an .optima.l creation of a certain timbre. The
preferred waveform generator means to generate the |
waveform of the musical s‘bund relevant to the performance

information is determined according to the timbre specified |

by the performance information in the invention. The timbre



musi cal sound according to performance information. The apparatus conprises
I nput means for providing performance information, conputerized waveform
generator neans 9 operable based on a given algorithmat a variable
operation speed to create a digital waveform by successively conputing
sanpl e values of the digital waveform fiial neans for provisionally
operating the conputerized wavef orm generator to carry out trial creation

of a nodel di Ghifglm¥tieh blif &rih”ﬂ:xégﬁne -a;;greriggteﬁeng[t%nmch

the trial creation 1s carri &d out, determnin ans
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means far ‘genenating the, mi cal sound haced on Cheactual dhgjeel veveform
same performance information is prpvided. In other words,
various waveforms of the musical sound cé,n be reproduced.
With generating the waveforms of the musical sound
simultaneously by both of the first and second waveform
generator means accdrdjng to the same performance
information, variations of the musica,llsound can be realized
for a common timbre by using the different waveform
generator means.
Due to conditions of the musical sc.)und generating, there
may be a situation where a waveform of the musical sound
. should be generated by a substitute waveform generator
means, even if a ptima.fy waveform generator means should
deserve to generate the waveform according to the
performance information. For example, this substitution méy
‘take place when the sound generating capacity of the primary
waveform generator means almost reachesjﬂ;s maximum
ability. In the invention, in addition to the performance
information, the number of the generated .:vs___?aveforms of the
musical sound is taken into account for deﬁé_rmining which of

the waveform generator means should generate the musical



information. In the inventive apparatus, the input nmeans. provides the
performance information, and the designating neans specifies which of the
wavef or m gener at or nmeans shoul d generate a waveform of the nusical sound
rel evant to the perfornmance information,_The waveform generator means
specified by the designating nmeans is c%%trolled to generate the waveform
of the musical sound relevant to the performance information. Thus, the

per for mance | ARt Qtder R breenf Rl BF theWaborthr ot and second

wavef orm generat or imeans Shou enerate the waveform of the nusical

sound character| ﬁﬁﬁﬁgﬁw he performance information. The first .and second
wavef or m generc ‘are different fromeach other in their structure

mmy differ in ¢ he BRREPdher BiToRLARoanN MY P BefArai@ond vaver orm
T by ™ Reans are the same in theit wavefornt generating FBctio, 30
that the user may not use both, but may use only one. For

‘example, the first waveform generator means is detachable
while the éecond waveform generator means is permanently
installed. In the invention, if the first Wa‘)efbrm generator
means exists and the waveform of the musiéa.l sound relevant
to the performance information should be generated by the
first waveform generator means, the first waveform generator
means is designated to generate the waveform of the musical
sound relevant to the performance information. Otherwise,

‘the second waveform generator means may be designated to
generate the waveform of the musical sound relevant to the
performance information if the first waveform generator
means is incidentally detached from the apparatus. The
waveform of the musical sound 6rigina.]ly to be generated by
the first waveform generator means can be generated
alternatively by the second waveform generator means. Thus,
even if the first waveform generator means does not exist, the
waveform of the musical sound is safely generated.

In the invention, the first and second waveform generator

means can respectively compute sample values of the



selecting the first waveform generator neans for generation of the waveform
of the nusical sound relevant to a certain event of the performnce

i nformation, and by selecting the second wavef orm generator neans for

gener ati on of the waveform of the nusical sound relevant to another certain
~event of the performance infornmation. Fgﬁther, It is possible to adjust the
- processing load by controlling the allocation of the waveform generator

- means to the pertaremacss tRb iRl sod. T ¥FRl AblensOr#akares Be whi ch

. of the waveformgenerator neans to generate the waveform of the nusical

M A
\312;/2: (r)n_r nmegf atc 25‘:%?’?@? %8[@1\69?%%\93%% quqﬁggggéﬁ%amﬁgwgw ion is
"~ in the inventi ﬁquﬁ%@}’?iﬁtragﬁéngﬂgfi %wﬁg&%%}tﬁg%ﬁnﬁ?ﬁ&t%f ormtton
performnce | nii.‘t% r{:?itai,lorr;leans. Thus, the musical sound can be generated at

the optimum sampling fréquéncy for the system

conﬁgura,tion; Generally, if the sampling frequency is varied

continuously, an arrangement to handle the frequency

determination tends to become complicated. However, in a

specific form of the invention, the sampling frequency

determined by the determining means is selected from

stepwise predetermined levels.

If the sampling frequency determined by the determining

means is lower than the critical level, the computation

process of the waveform is changed since the quality of the

generated sound is not retained by the original waveform

generation at the determined sampling frequency. In this

case, it is preferable to change the computation process such

as to simply read out sample values of the waveform of the

musical sound in order to raise the sampling frequency.

_BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram illustrating a first

embodiment of the inventive musical sound generator.



in the invention. As described above, due to the difference between the
first and second waveform generator neans, the characteristics of the
nmusi cal sound may differ even if the sanme perfornmance information is
pr-ovi ded. In other words, various waveforns of the nusical sound can be
reproduced. Wth generating the wavefork$ of the nusical sound

si mul taneously by both of the first and second waveform generator neans

according to the enf:ar | ' | af1d t.he nusi cal
sound can be reali zg o? 1§ ﬁ%ﬁﬁ%%%%&ﬁ%ﬁﬂggﬁﬁtﬁge%t wavef or m
gener at or neans,.. t dit S} : generating, there
may be a si tugfq'r(lj egg%ggv@k?)gﬁ%?%qé Fﬁgﬁiﬁgﬁﬁggxd shoul d be
generated by a substituteg .waveform genegrator,.neans, .gven i,f_a prinmary
wavef or m gener at o?ﬂsm§§ﬁ(ﬁjﬁﬁﬁﬁ’3@g?9§ﬂ?6ﬁg%@&r% lﬁﬁﬁgmgor m accor di ng
to the performance information., For exanple, this substitution may take

pl ace when th@%@)&%ﬁi Yaratan ﬁ’é é@pﬁ@ﬁi‘%ﬂﬂeﬂ & %Py]g‘if% gr m gener at or
nmeans al nost reaches its maxinumability. In the inveption, in addition to

the performance i ifigune £4nis arschematic bloak diagramatlbistratisrgans of the

arrangement in which a sound source device and its
peripheral devices are integrated with each other.

Figure 4B is a schematic block diagram illustrating an
arrangement in Which..a DSP and its peripheral devices are
integrated with each other.

Figure 5 illustrates operating modes in the first
embodiment according to the present invention. |

Figure 6 is a memory i:na.p of a RAM provided in the
first embodiment.

Figure 7 is a flowchart illustrating an overall process
executed in the first embodiment. |

Figure 8 is a flowchart illustrating a waveform
synthesizing program executed in the first embodiment.

Figure 9 is a flowchart illustrating the waveform
synthesizing prbgrafn executed in the first embodiment.

Figure 10 is a flowchart iﬂustrating the waveform
synthesizing program executed in the first embodiment.

Figure 11 is a flowchart illustrating the waveform

synthesizing program executed in the first embodiment.



musi cal sound is taken into account for determ ning which of the waveform
generator nmeans shoul d generate the nusical 12 sound in order to prevent
overfl ow of the waveform conputation. By the way, the first and second
wavef or m generator neans are the sane in their waveform generating
function, so that the user nmay not use ¥3oth, but nmay use only one. For
exanpl e, the first waveform generator neans is detachable while the second

Firat vaver or m goRiBRre i Aoantbast SHSEHEE FePavSloTRSHAREAl  sound
rel evant to the perforpance i nformation_shoyl d be generated by the first
wavef orm geneV@A‘lﬁ i%‘éﬁ% PIRECHS ﬁé(ﬁcué%flar’iil% P A¥BRACTISIHRSI gnat ed
to generate the waveform of the nusical sound relevant to the performance
i nformati on. Dragraike, the second waveform generator neans may be
designated to generate the waveform of the nusical sound relevant to the
Figure 13 is a flowchart illustrating the waveform sample
value computation process executed in the waveform
synthesizing program.
Figure 14 is a flowchart illustrating the waveform sample
value computation executed by CPU in the waveform
synthesizing program.
Figure 15 is a flowchart illustrating the synthesizing
process by a selected hardware in the waveform synthesizing
program. -
Figure 16 is a flowchart illustrating the synthesizing
process by the selected hardware in the waveform
synthesizing program.
Figure 17 is a flowchart illustrating a timer process in
the waveform synthesizing program.
Figure 18 is a flowchart illustrating a synthesizing
‘process by a selected hardware in a second embodiment.
Figure 19 is a flowchart illustrating a synthesizing
process by a selected hardware in a third emibodiment.
Figure 20 is a flowchart illustrating a synthesizing

process by a selected hardware in a fourth embodiment.

Figure 21 is a schematic block diagram illustrating a



performance information if the first waveform generator neans is

I ncidental |y detached fromthe apparatus. The waveform of the mnusical sound
originally to be generated by the first waveform generator neans can be
generated alternati-vely by the second waveform generator neans. Thus, even
If the first waveform generator neans db@s not exist, the waveform of the
musi cal sound is safely generated. In the invention, the first and second

wavef or m gener ' Ve ] . I al ues of the
13 waveform of‘?‘%‘lﬁé’t@@a‘&@%ﬁggeﬁﬁ%‘ﬁki1&%%13%?%%&?% > a time required
for the second wavgform rgdﬁnerat Of} Means tlo Re er at e t._ﬂe ¥vaveform of the
nusi cal sound. The® ¥HS FAGSHE &G gﬂk%'lf"é gekUagtam LS ANBE 0 the time
nmeasured by the trial neans. Thus, .the.nusical sound can.be genetrated at
the optimim sARPHHEF V@@@gm}wwhmhethseym%ﬁﬁm‘fe@m%ilgrﬁp@m@f ally, if
t he sanpling frequency is varied continuqus|y, an arrangenent to handle the
frequency . Figure 23 is a schematic block’diagram illustrating a
further variation to which the present invention is applied.
Figure 24 is a schematic block diagram illustrating a still
further variation to which the present invention is applied.
Figure 25 is a schematic block diagram showing an

additional embodiment of the inventive musical sound

generating apparatus.

DETAILED DESCRIPTION OF THE INVENTIQN

Details of embodiments of the present invention will be
described hereunder with reference to the drawings. Figure 1
is a schematic block diagram showing a first embodiment of a
musical sound generator according to the present invention.
In Figure 1, numeral 10 denotes a CPU, which coﬁtrols
various units composing a computer system via a data bus
12, according to 2 basic program stored in a ROM 11.
Numeral 13 denotes a RAM tempbra.rily storing various
registers, flags and data. Numeral 14 denotes an I/O port of
the multi type Whicﬁ receives and transmits MIDI
information, key information provided upori key operation of

a keyboard (not shown), and other miscellaneous information



determ nation tends to becone conplicated. However, in a specific form of
the invention, the sanpling frequency determ ned by the determ ni ng neans
is selected fromstepw se predeterm ned |levels. If the sanpling frequency
determ ned by the determining neans is |lower than the critical |evel, the
conput ation. process of the waveformis éHanged since the quality of the
generated sound is not retained by the original waveform generation at the

comput ati on’ pr BkSerdiEnTEH e HF\(hiodionn) s dpP atvlfi et the 0
wavef orm of the ical sound in order to_.aise, the sgnpling ffeguency.
BRI EF DESCRI PTPERF o TRqSIFRe: IpaRGednformation iRtk @Hﬂo@ﬁtﬁﬁagr am

illustrating i.Lst enbodi pent of the i,nyentive | cal _sound generator.
14 Figure 2 igl‘/ﬁléiﬁ@%ﬁm@txﬂrb@k ﬁfheagex ormation i gh Iarthe i on of the
enbodi ment shown in Figure 1. L.

present embodiment, it is assumed that the performance

information may be generated by an automatic performance
program. In this case, the automatic performance program
means that the performance information is genera,ted in time
series by a certain automatic sequence program. Therefore,
the arrangement shown in Figure 1 works not only as a
musical sound generator but also a sequencer. The type of
I/F may be a serial or parallel port, RS-232C, RS-422 and so
on. Especially in case of RS-232C, the cdmputer system
communicates with a host station through a public telephone
network by a modem (not shown). Thus, the input source of
the performance information may be the keyboa.rd in case
that the keyboard operation information is provided, or an
external device connected through the I/F in case that the
MIDI information. is provided, or a sequence program
‘exécuted By the CPU in case that the automatic performance
information is provided. Numeral 15 denotes a storage unit,
which is comprised of FD (Floppy Disk) or HD (Hard Disk).
The storage unit 15 further stores applicé.ti,dn programs and
data. Numeral 16 denotes a display which 1s composed of
CRT or LCD (Liquid Crystal Display). The display 16



Figure 3 is a schematic block diagramillustrating another variation of the
enbodi mnent shown in Figure 1. Figure 4Ais a schematic bl ock diagram
illustrating an arrangenent in which a sound source device and its

peri pheral devices are integrated with each other. Figure 4B is a schematic
bl ock diagramillustrating an arrangemel® in which a DSP and its peripheral
devices are integrated with each other. Figure 5 illustrates operating

o e menory mitreapnEd WA HeBath Aty b oo R R GRU Byre 7' e s °
Foure s is o VRGNt ? Aonises an REoael BF i ermeh S b eitam
ever or m synt HRatNAD e cammaiel nstead oftihe CEREM: ke Tepf gure 10°
the first enbedideth procsaragls paraed| dHoRarthe GRLE Dk bRl cf o m

denotes a timer which counts time in timer processing

described later. Numeral 19 denotes a DMAC (Direct

Memory Access Controller) which tlfa_.nsférs data to and from

RAM 20 directly without the control by CPU. Nowadays, the'

co-processor 17, timer 18 and DMAC 19 may be

accommodated in a single chip together with CPU 10, though

these are discrete devices in the present em‘bodiment.

Numeral 20 denotes a RAM which has a structure similar to

the first-mentioned RAM 13 with respect to its hardware

construction. Howéver, the RAM 13 is used as a work area

for the program execution by the CPU, while the other RAM

20 is a waveform memory which temporarily stores a

waveform represented by wave data. Numeral 21 denotes a

DSP (Digital Signal Processor) for use in digital signal

processing required for musical sound synthesis. Numeral 22

denotes an optional sound source which constitutes a first

waveform generator of one chip LSI for generating a waveform

of the musical sound according to performance information.

Numeral 23 denotes a D/A convérter which is enabled when a

flag DACENBL is set to “1”. Before the D/A converter 23,



synt hesi zi ng program executed in the first enbodi nent. 15 Figure 12 is a
flowchart illustrating the waveform sanpl e val ue | oadi ng process executed
in the waveform synthesi zing program Figure 13 is a flowhart illustrating
t he wavef orm sanpl e val ue conputati on process executed i-n the waveform

synt hesi zing program Figure 14 is a flaechart illustrating the waveform
sanpl e val ue conputati on executed by CPU in the waveform synt hesi zi ng

B Sal oot ed haremdrDOndete Wcﬁ“a : (ot biis HerTBADyr BR Ve EBgD o a
et A, L ST B T SSCR B e
Himer process i!rgquency fs. After the D/A converter 23, an LPF (Low Pass
Filter) is normally provided (not shown). A cutoff frequency
of the LPF is set to about half of the sampling frequency fs.
The LPF is an output device of the musical sound generator.
The musical sound is reproduced through an amplifier and a
speaker. Numeral 24 denotes a RAM which is structured
similarly to the RAM 13 or 20 with respect to its hardware
construction. The RAM 24 is utilized as a work memory for
the arithmetic operation of the DSP 21. Numeral 25 denotes
a waveform memory which stores wave data of basic or
typical timbres in case that the sound source 22 generates a .
musical sound according to a waveform memory readout
method. The role of the waveform Iﬁemory 25 and the RAM
20 is slightly different in a manner that the waveform
memory 25 is used mainly by the sound source 22 and is
provided in the form of ROM or a daughter board, while the
‘RAM 20 is utilized by the CPU 10 as a waveform Iﬁemory.
Generally in the arrangement above, some devices such
as co-processor 17, DSP 21, sound source 22, RAM 24, and

waveform memory 25 are often optionally installed according

to user’s choice. If the RAM 24 is not installed, a certain area

of the RAM 13 is allocated for the DSP 21. The waveform



t he wavef orm synt hesi zing program Figure 18 is a flowhart illustrating a
synt hesi zi ng process by a selected hardware in a second enbodi nent. Figure
19 is a flowchart illustrating a synthesizing process by a sel ected
hardware in a third enbodinent. Figure 20 is a flowhart illustrating a
synt hesi zi ng process by a selected hardare in a fourth enbodi nent. Figure
21 is a schematic block diagramillustrating a 16 variation to which the

present invention is plied. Figure I S, chermatjc bl oc i agram
i | lustrating JREAMAY &%mx 89t em&éﬁk@fﬁﬁ%é&w ROBRES ¢t 1583ppl i ed.
Figure 23 is a_schematic block diagragm.illustrating a further riation to
whirch the predtiM symb ﬁslimgiffe‘aﬁpwgtph gegeratessamugical saund O¥| ock
diagramillustrating a still further variation to which the present
invention is gppte edmputatien s wave d%%nﬂlh&;@ﬁlciocﬁﬁﬁf@g@lﬁ%ow ng an
addi ti onal enbodi nent of the inventive nusical sound

whether these optional devices are installed or not. In the

present embodiment, the CPU 10.recognizes the existence of

the optional devices according to one of methods listed below:

(1) A port a,.ddress is reserved for a
corresponding device connection. The CPU 10
accesses the port address immediately after |
power-on or reset of the system. If the CPU 10
detects a predetermined sign from the port address,
it fecognizes the existence of the corresi)onding

device.

(2) A jumper switch is provided for signifying
the device installation. The user turns the switch on

at the time of installing the corresponding device.

(3) If the system is implemented as a personal
computer, the optional devices are registered in a
configuration. file in terms of corresponding device
drivers or in a batch file. The system software

recognizes the devices through these files.

All these optional devices are fully installed and

connected to the data bus 12 in the present embodiment.



generating apparatus. DETAILED DESCRI PTI ON OF THE | NVENTI ON Det ai | s of
enbodi nents of the present invention will be described hereunder with
reference to the drawings. Figure 1 is a schematic bl ock di agram showi ng a
fi-rst enbodi ment of a nusical sound generator according to .the present
invention. In Figure 1, nuneral 10 denofés a CPU, which controls various
units conposing a conputer systemvia a data bus 12, according to a basic

br oot am et or ey b eofliRsah, il BALE Y2 B YR BtA S L2 10
ovout et pon Ty THE PR LS by KRl Y 2 S parilr™ "
miti type |7 anboraces, PlreneBovhish SArh LSV ICRI IR BHYIAe orm of the
M DI information or the keytliarlior maili t?l?e IEESIQU Illb tf]neother words, any

transaction mu y wit
kind of interface is possibly provided for the optional devices,

provided that the device can communicate with the CPU
through the interface. For example, the sound source 22 may
actually be provided as a sound source board 41 or an
extension board as shown in Figure 2. In this case, the board
41 is inserted into a slot on a main board or mother board.
The sound source board 41 communicates with the CPU 10
through the bus 12, I/F controller 26, and extension interface
27. The waveform memory 25 may be installed through a
socket provided on the sound source board 41 in this
arrangement. Additionally, the extension iﬁterface 27 may _be
provided with an additional D /A converter 28. Otherwise,
the sound source 22 may be.prdvided in the form of a discrete
LSI chip, or mounted on the daughter board. T};1e chip or
daughter board is installed through a socket provided on the
mother board or extension board in this arrangement.
Similarly, the DSP 21 may be provid_ed'in the form of a DSP
board 42. In this case, the DSP 21 communicates with the
CPU 10 via the extension interface 27. Otherwise, the DSP

21 may be provided in the form of a discrete LSI chip likewise



present enbodinment, it is assuned that the performance information may be
generated by an automatic perforimance program In this case, the automatic
per f or mance program neans that the performance information is generated in
ti-me series by a certain automatic sequ%nce program Therefore, the
arrangenment shown in Figure 1 works not 3n|y as a nusi cal sound generat or
but also a sequencer. The type of I/F may be a serial or parallel port,

ER)?-SE 2?03051?%%@%%?? ﬁggrﬁ‘i??ﬁ : _b‘@?igiﬁhﬁ?%ﬁaﬁ%ﬁﬁj‘g%f%?egﬁsﬁgﬁﬁ“%2[ wor k
by a modem 23);)/5 own) . u?grghe |£E3§Sﬁurc&o e pejformnce
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or HD (Hard Disk). The storage unit 15 further stores application prograns

and data. Nunethrough ddeosecket ar $hesgxtansioniinterfagesed of CRT or LCD

(Liquid Crystal Display). The display 16

' As shown in Figure 3, a first waveform generator or

sound source system 32 comprised of the sound source 22 or
the DSP 21 can be connected to a local bus 33, through
which the data is transfe;red to and from a CPU system 30
Without using the data bus 12. The CPU system 30 is
composed of a sf;a.nda,rd anangerﬁent including the CPU 10,
ROM 11 and RAM 13, while peripheral devices 31 include
multi type I/O port 14, storage unit 15, and miscellaneous
interfaces and opera-torsf The sound source system 32 is
specifically composed of the discrete sound source 22 or DSP
21 in the embodiment. However, in general, any functional
elements for the musical sound generation are involved in the
sound source system 32. The sound source system 32 may be
integrated with or separated from the CPU system 30.
Further, the connection interface can be provided at either of
the CPU side and the sound source device .side. Namely, any
connection interface may be employed according to the
inventive system setup. Additionally to the local bus, any

sort of interface/protocol combination such as MIDI,



18 presents various data under the control of the CPU 10. Nuneral 17
denotes an optional co-processor which executes floating point conputation
i nstead of the CPU 10. The.rest of data processing is carried out by the
CPU 10. Nuneral 18 denotes a tinmer which counts tinme in tinmer processing
described later. Nuneral 19 denotes a DAMAC (Direct Menory Access
Controller) which transfers data to and from RAM 20 directly w thout the

control by CP N p SsQr, timgr 18 apd 19 may be
accomodat ed ﬁsmy?% JﬁEﬁgﬁém@’ W t%ééhﬁnﬂ‘g‘,ab? ﬁéﬂBfPXﬁ%Z?gla?e

di screte devices in the frese t ei(‘ts)odi nent . Igl ner gl ﬁo denot es .a RAM whi ch
has a struct uCOTRHpication metworkssuch @s BR CI%G?WE ORetMebBePect to its
har dwar e construct,j on. vvev%r, the RAM 13 j s used gé, a work area for the
progr am executa) B¢ used aphedata qcomamyimicationmedias a wavef or m nenory

whi ch tenporarily stores a waveformrepresented by wave data. Nuneral 21
denotes a In an arrangement shown in Figure 4A, the sound source

device 22 may be integrated into a single chip, or into a
- printed bircuit board module together with the waveform
memory 25 and the D/A converter 23. Similarly, as shown in
Figure 4B, the DSP 21, RAM 24, and D/A converter 23 may '
be integrated altogether into a single chip.

The arrangements shown in Figures 1 to 3 are nothing
but an example. The style of the device connection depends
ﬁpon the individual system setup. Further, two or more of
the functional elements shown in Figure 1 may be integrated
into a single chip. |

According to the invention, the above constructed
musical sound generating apparatus creates a waveform to
genefa.te a musical sound according to performance
information. A first waveform generator such as the sound
source 22 or the DSP 21 is operable for creating a waveform.
A second waveform generator composed of the CPU 10 is
operable independently from the first waveform generator for
creatiﬁg a waveform. The I/O 14 provides performance
information. One of the first waveform generator and the

second waveform generator is designated in correspondence



DsP (Digital Signal Processor) for use in digital signal processing
required for nusical sound synthesis. Numeral 22 denotes an optional sound
source which constitutes a first waveform generator of one chip LSl for
generating a waveform of the nusical sound according to perfornmance
information. Numeral 23 denotes a D/A cbhverter which is enabled when a
flag DACENBL is set to "1". Before the D/ A converter 23, 19 an FI FO data

s rend out_ at e shE MRNIRCL P BBt Stce, RO 08 A Reati “an L
the LPF 15 sebalPelt ORBrates LAY deBlunated S08R the vkl Srawelarih 1 < an
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The DAC 23 generates the musical sound based on the

created waveform. The first waveform generator comprises an
external waveform generator .optionally connectable_ to the
apparatus while the second waveform generator comprises an _
internal waveform generator integrated with the CPU 10.
Occasionally, the internal waveform generator is designated in
place of the external waveform generator when the same is
not connected to the apparatus even though the external
waveform generator should primarily correspond to the
provided performance information. The second waveform
generator is integrated with the CPU 10 to constitute a main
part composed of a computer, while the first waveform
generator alone constitutes a supplementary part which is
separate from the main part and which is optionally
- installable in the computer. The first Waveforrh generator is

composed of a hardware module driven by the CPU 10, while
the second waveform generator is composed ‘of a software
module installable in the computer.

‘Various operating modes in the present embodiment will

be described hereunder. The operating modes of the inventive



the arithmetic operation of the DSP 21. Nuneral 25 denotes a waveform
menory which stores wave data of basic or typical tinbres in case that the
sound source 22 generates a nusical sound according to a waveform nmenory
readout nethod. The role of the waveform nenory 25 and the RAM 20 is
slightly different in a manner that- the2®aveform nmenory 25 is used mainly
by the sound source 22 and is provided in the formof ROM or a daughter
board, while the RAM 20 ig utili ed b he Uloahaa%mgveformnenory

General |y in t{RISAG e CueRyeEaI1 §hO¥ABcessor 17,
DSP 21, sound source_22, RAM 24, ,and wavef orm rrerm re often
opt i onal | y in RS 5pdBto &Wﬁgm%]‘l}'s&"”@%,h@n@@ W @hé"e?wﬂsztp i s not
installed, a certain area of the RAM 13 is allocated for_the DSP 21. The
~waveform  20desigpe$iars ofwy sythesizing methkod; andnthe ethersefiwhich? i s an
FM synt hesi zi ng devi ce which generates a nusi cal sound by pure conputation
of wave data. relatePto Hlloeatigniafea timbre to the different waveform

generators. The two major groups are divided into more

specific modes. First of all, the modes to specify the

synthesizing method will be described hereunder.

In the present embodiment, the sound generation is

carried out by synthesizing a waveform or wave data of a

musical sound according to the performance information, and

by converting it into an analog signal. The wave data can be

generated in various methods. The used method is

determined according to the operating mode in which the

synthesizing method is specified. In the present embodiment,

CPU synthesizing mode by the second waveform generator

and sound source synthesizing mode by the first waveform

generator are assumed by selection.

In the CPU synthesizing mode, a musical sound is

synthesized only by the CPU 10, or by combination of the

CPU 10 and the co-processor 17. Further, the CPU

synthesizing mode can roughly be divided into the following

four submodes. The.generated waveform is converted into an

analog signal by the D/A converter 23 for acoustic

reproduction. .



whet her these optional devices are installed or not. In the present

enbodi nent, the CPU 10 recogni zes the existence of the optional devices
according to one of nethods listed below (1) A port address is reserved
for a correspondi ng devi ce connection. JThe CPU 10 accesses the port address
I medi ately after power-on or reset of 1%e system |f the CPU 10 detects a
predeterm ned sign fromthe port address, it recognizes the existence of

t
t he .correspond HeR. ' T [ rovi ded r s4gnifying
the devi oo i nar N ERSGRE: Thas 1M WIRAL ihed o SoffiireCitiod elt?ﬁénofd
installing the cor ndi devige. (3),1f. the systemis,i enented as a
per sonal conput er ,Fﬁ§8m$gﬂﬂrc%g% §&9)°]&?%‘ZF%@S %Fgg-iih§ng’érfﬁi guLat i on
file in terms of correspondi ng deyice drivers.or in_a batch file. The
syst em sof t war e réﬁﬂ;@n’r sgnﬁﬁt%ﬁ%cwﬂmm reedulatien oven at hese _
optional devices gre.fully installed and connected to the data bus 12 in
the present enbodﬁhﬁ%@ siné wave by means of the CPU 10.

Harmonics synthesizing mode: The harmonics
synt;hesizing mode is such that a fundamental waveform
and its harmonics are syﬁthesized altogether. With the

" real-time operation by the CPU 10, a fundamental

waveform and its harmonics are calculated to synthesize

the waveform.

Wave form merﬁory readout mode: In this mode, the
sound is synthesized by accessing a waveform memory.
Prior to the synthesizing, the CPU 10 loads a plurality of
basic waveforms into the RAM 20. Upon a synthesizing
command entry, the CPU generates the wave data of a
specified timbre at a specified pitch and volume by
reading out the waveform. In the waveform memory

. readout mode, it is possible to synthesize a sound even
with a low performance CPU, since the synthesizing is
carried out by accéssiﬁg RAM or ROM to read out wave
da.fa. Thus, a work load of the CPU in this mode is
smaller than that in the FM mode and the harmonics

synthesizing mode. However, the RAM should be



21 However, the connection port is not limted to the data bus 12. The

opti onal devices may be connected via serial/parallel interfaces, through
whi ch each device carries out data transaction nmutually with the CPU 10. In
ot her words, any kind of interface is possibly provided for the optional
devi ces, provided that the device can @mmunicate with the CPU t hrough the
I nterface. For exanple, the sound source 22 may actually be provided as a

sound source boar . ensi.an ar S n i ilgures 2. In this
case, the board 4%‘”1%@31%%@2‘&#%% ﬁ?&gad%)ab?‘%% 583&% %ﬂg’ﬁa%%ro t her board.
The sound source board 41 g | w th, t he U 10 through the bus 12,
|/ F control |l er 26,f%¥@93%£%#@m3§ QEéﬂ)ﬁ?a)f GRAYE®Sr m nenory 25 may
be installed through a socket_provided on {he sound sourcg b%ard 41 in this
arrangenent . Addi Ppﬁﬁ‘ﬁllqnfﬁi, .')f-hﬂ;é‘)&é" | WAVERIRRRmemory Feadeat gnededed with
an additional D/A converter 28. OQtherwi se, the sound source 22 may be
provi ded in the fBray giotabeiwsedpaefesnblyiwnder somesit@madionse daught er
board. The chip or

dependently on total RAM capacity and CPU addressing

volume.

Physical model synthésizing mode: "I_n the physical
model syntﬂesizing mode, the sound generation
mechanism of an actual musical instrument, such as air
flow in a tube, is simulated by an electronic model in
order to synthesize the sound. The wave data is
computed with real-time operation of devices including
the CPU 10. An example of the algorithm for the
physical model synthesizing is disclosed in
JP-A-63-40199.

/

As listed aboVe, the CPU-aided software sound sourcé or
the second waveform generator includes a plurality of digital
waveform generators which are operable based on different
algorithms to arithmetically create digital waveforms having
djffefent qualities. The inventive apparatus selectively
opera.teé an optimal one of the digital waveform generators
according to the provided performance information.

Specifically, the second waveform generator includes a digital



daughter board is installed through a socket provided on the nother board

or extension board in this arrangenent. Simlarly, the DSP 21 may be

provided in the formof a DSP board 42. In this case, the DSP 21

conmmuni cates with the CPU 10 via the extension interface 27. O herw se, the

DSP 21 may be provided in the formof 88discrete LSl chip |ikew se 22

the sound source 22. The input data is transferred to the DJA converter 23
he data can be, distributed

Eiih:ggglhyt gre Pﬁ%xéé#ﬁ@@%&i%ﬁ&m%ﬁ‘f gz me%?é'yﬁﬂ%u%%yg&nd sour ce
Flgure 3. a fOPErablA BRoRdnLACFIRbIVELY SBRIa H8aFILmEy e ERPale Bompr | sed of
t he sound source 22 or the DSP 21 can be connected to a | ocal bus 33,
t hrough whi chdigitaliwayeferny having metelasively lowo gualitpyangd o6heB0 wi t hout
using the data bus 12. The CPU system 30 is conposed of a standard
arrangenent idigital wavefermPgenerators operable based on a relatively

complicated algorithm to create another digital waveform

having a relatively high quality.

On the other hand, in the hardware sound source

synthesizing mode, the musical sound is synthesized using a

specific hardware such as the LSI sound source 22. As a

matter of course, in this mode, the hardware module such as

the LSI sound source 22 must be installed in the system. The

LSI sound source 22 synthesizes the wave data by the FM

mode or the waveform memory readout mode ('likewise the

software sound source). The synthesizing method is

determined by the hardware itself. The CPU 10 does not

cover the control of the native synthesizing process of the

sound source 22. |

In the present embodiment, a multiple of voice channels

are provided. One-chamlel is allocated for one tone in either

of the CPU synthesizing mode and the sound source

synthesizing mode. A plurality of musical sounds are

generated in the multiple of the channels to rea,liz.e concurrent’

sounding of the plural voices. Since the wave data can be

synthesized by both of the CPU 10 and the sound source



ROM 11 and RAM 13, whil e peripheral devices 31 include nulti type I/O port
14, storage unit 15, and m scel |l aneous interfaces and operators. The sound
source system 32 is specifically conposed of the discrete sound source 22
or DSP 21 in the enbodi nrent. However, in general, any functional elenents
for the nusical sound generation are inlved in the sound source system
32.. The sound source system 32 may be integrated with or separated fromthe

CPU system 30., Furt . the connection interface,can be provided at either
of the CPUsi &]@Véﬁﬁrﬂénﬁl?nﬁr C%U’E’&A}E%?Q"o%e.le?\ﬁﬁﬁ 9ftgﬁy connecti on
interface may be enpl oyed according to fhe jnvent|ve system setup.
Addi ti onal | y- (WAYSHOID EeMeFators b utiliged is @HH@M¥@P‘6(§$H%O i nati on
such as M DI, 23 RS-232C/ 422, | EEE P-1394, or. SCSI may be enpl oyed.
Al so, conmuni dhei preseatvembadianenst, eptinem enepohbtbe waveformray be used as
t he data communication nmedia. In an arrangenent shown in Figure 4A, the
sound source generators is designated according to the voice allocation

upon accepting a note-on command. The allocation mode

includes the followings:

CPU select mode: In the CPU select mode, the waveform
synthesizing.is effected by the CPU synthesizing mode at"
first priority. However, if the capability of the computing
devices including the CPU 10 is not enough, the number
of voice channels which can be used for the synthesizing
is limited. In such a case, a part of the waveform
synthesizing operation exceeding the capacity of the
computing devices including the CPU 10 is carried out

by the hardware sound source.

Sound source select mode: In the souﬁd source select’
mode, the waveform synthesizing is effected by the
. hardware sound source at first priority. However, if the
cajpability of the hardware sound source device 22 is not
enough, the number of the channels which can be used
for the synthesizing is limited. In such a case, a part of
the waveform synthesizing operation exc':eeding the

capacity of the sound source device 22 is carried out by



device 22 may be integrated into a single chip, or into a printed circuit
board nodul e together with the waveform nenory 25 and the DY A converter 23.
Simlarly, as shown in Figure 4B, the DSP 21, RAM 24, and D/ A converter 23
may be integrated altogether into a single chip. The arrangenments shown in
Figures 1 to 3 are nothing but an exan@®. The style of the device
connecti on depends upon the individual system setup. Further, two or nore
of the functional gle rﬁs shown in Figure 1 may be integrated into a

si ngl e chip. Accoﬁﬁﬁnélf‘)t SHEWREQ hSOtkee.above constructed nusical
sound generating apparatus creates a waveformto generate a nusical sound
according to rformance pnfarngtion. A firs ef orm gener gt or such as

t he sound sou %angp&qéebgpn%e dappat ZBPEey ed?‘%t&l@d?‘hﬁjﬁveform A
second wavef orm genergfor conposed of the CPU 10 i s _operabl e independently
fromthe first waﬁﬁﬁﬁﬁ'iﬁsg@ﬁ&eﬁt(lfrt @ sottveare agjdath@\b@rrdmmerﬁ@un 14
provi des performance information. One of the first wavef ormgenerator and
t he second wavef osoupeessr Huothér; alspiegific synthesizing spodeeisce

designated if the CPU-aided software sound source is
specified.

Compulsory mode: In the compulsory mode, the sound
source to be used is forcibly determined according to
running state of application programs other than the
sound generation program without regard to the ﬁser’s

intention.

A memory map of the RAM 13 or 20 will be described
hereunder. The arrangement of the inventive musical sound
generator is not so different from general personal computers.
Further, the general personal computer can be used as the
musical sound generator provided that it executes operations
related to the waveform synthesis. Thus, the content of the
RAM 13 o-r 20 is not so different from that of the personal
computer. The memory space of the RAM 13 or 20 is divided
into a plurality of a,re_és as shown in Figﬁre 6. In Figure 6, an
OS area is occupied by the operaﬁng system as in the general
personal computer. The application program areas (1) to (n)

accommodate various application programs other than the



24 with the provided performance information. The apparatus sel ectively
operates the designated one of the first waveform generator and the second
wavef orm generator to create the waveform according to the provided
performance information. The DAC 23 generates the nusical sound based on
the created waveform The first mavefor%igenerator conprises an external
wavef orm generator optionally connectable to the apparatus while the second

wavef or m gener. C 1.S8S i I ef or m_gener at integrated with
the 0PU 10, | aoRagr iy ks inecbfothmy o fieds Bfey Buf et ynarea i n
pl ace of the external wayvefprm.gengrator when the sane i s ot gonnected to
t he appar at us Qe PY RBE rtﬁée é&Y@ﬁ?@@MQ%w&r@éﬁ& SQW(EJ t3ri marily
correspond to th(g provi ded rf ormance i nfornation. Tﬁe second Vﬁ,\ieform
generator is % d}fékeédffﬂﬁ@ aneoupdate are stnred mygedatamrsapavhileonposed
of a conputer, while the first waveform generator al one_constitutes a

suppl enent ar y e Waye datadsdepdedtimtorawave datanares WANMEwhen i s
optionally

the synthesizing is carried out by the waveform memdry
readout method. Lastly, a designated one of waveform
synthesizing programs is stored in a waveform synthesizing
program area.

The operation of the musical sound generator according
to the invention will be described hereunder. The musical
sound is generated by executing a specific application
program of the personal computer, namely, the waveform
synfhesizing program. Otherwise, the waveform synthesizing
program may be implemented as a facility of the OS in the
form of a transient program which is automatically installed
at the time of boot-up of the system. Even though the
memory address and execution permission of the waveform
synﬁhésizing program depends on configuration of the OS
‘environment, user operation, number of application
programs, operating conditions etc., the waveform
synthesizing program is executed as one of the a,ppliéa.tions
(1) to (n). Upon power-on or reset of the musical sound
generator, as shown in Figure 7, various registers and flags

are set/reset for initialization in step S1. In step S2, system



installable in the conmputer. The first waveform generator is conposed of a
har dwar e nodul e driven by the 'CPU 10, while the second wavef orm gener at or

i s conposed of a software nodul e installable in the conputer. Various
operating nodes in the present enbodinepnt will be described hereunder. The
operating nodes of the inventive 25 #fisi cal sound generator can be
categorized, as shown in Figure 5, into two nmgjor groups, one of which

relates to designatign of a_synthespzin { hod nd the ot her whi ch

rel ates to al ASMEATAton PRAGess oF thEOF 1 %%ﬂ%at%%avtq §£W@§£&3t ors. The
two major gro xe divided into nore ecific nodes. First of. all, the
nodes to specilg)i’ &H"e %?inmﬂsmﬁhﬁ Yevi i hesiZn8der. 1n

t he present enbodi nent, so ndiﬁge egration is carrjed out by synthesizing a

vavef or m or WREOEFAMA, 80dat icafdonPEQETaTRI (1Y ke resPectveliance

informati on, and by converting it into an analog signal. The wave data can
be executed. The waveform synthesizing program is executed to

generate one sample value of the wave data at one cycle of
the program invocation.- The application p'r'ogra.ms (1) to (n)
do not include the waveform synthesizing program. These
application programs may be related to music perforrria,nce,
or to entirely different affairs. After step S5, the procedure
returns to S2.

If there is no change in execution status of the
application -progra,ms, the loop of S2 to S5 is repeatedly
executed. Otherwise, if there is a change in the execution
status of the application pfograms’, such a change is deted;ed
at the system administration process in step S2. If the change
of the status is of program termination, the relevant
execution step of the application program is skipped. If the
change of the status is of program invocation, a step to
exécute a new application program is a;dde_d in the loop, and
the whole loop is executed repeatedly. Thlis, the executing
period of the loop changes dependently on the running
situation of the application programs and the system load.
However, regardless of the running -situatiqff_.f- of the

application programs, one sample value of the wave data of



generated in various nmethods. The used nethod is determ ned according to
the operating node in which the synthesizing nmethod is specified. In the
present enbodi nent, CPU synt hesi zi ng node by the second waveform generat or
and sound source synthesizing node by the first waveform generator axe
assumed by selection. In the CPU synthe?3zing node, a nusical sound is
synt hesi zed only by the CPU 10, or by conbination of the CPU 10 and the

"hit6 the ol I'aheBNiGAl sohall STkpEPS gEnlerabel ATEHAR HORERGK O 00Vl o
F mode: Thi S Wi TURPIG, TR LbRbrtAd FonBRRg PEREBERRLOur ce 1or
over a basi o Sbweldieh dovyreibe BetkedE viseton: Thts, i the' generated  © | "

wave data is simply converted into an analog signal, the

sampling period is varied, so that jitter may occur in the

reproduced musical sound. The data buffer is provided before

the D/A converter 23 in order to tempora.ﬂ-ly store the

generated wave data of the sound. The data buffer is accessed

for readout of the wave data at a fixed sampling frequency fs.

If the musical sound generation is conducted by a fixed

program in a certain case where the system is not a };Sersonal

computer but a stand-alone electronic musical instrument,

sound source module, or any other systems _having a facility

to generate sound, the execution period of the loop process

can be fixed. In other words, the loop process is executed at a

fixed interval. In such a case, it is very practical to make the

loop interval to coincide with the reciprocal of the sampling

frequency fs so that the data buffer can :b'e___ eliminated.

* The waveform synthesizing program :ef_c_ecuted in step S4

is described hereunder referring to Figures 8 to 11. The

program is executed after loading thereof from the storage

unit. 15 according to a ﬁredetermined opéi_‘@;ion. In step Sal,

the synthesizing mode a.nd the ha.rdwé,fé setup are checked.

In the hdrdWa.re setup check, optional devices are recognized



Har moni cs synt hesi zi ng node: The harnoni cs synthesizing node is such that a
fundamental waveformand its harnonics are synthesized altogether. Wth the
real -time operation by the CPU 10, a fundanental waveform and its harnonics
are calculated to synthesize the waveform Wave form nenory readout node:
In this node, the sound is synthesized %§ accessing a waveform menory.

Prior to the synthesizing, the CPU 10 | oads a plurality of basic waveforns

L2 e P 3y B ce G YA IATBOEN! B )RS GRIELE o0 L
synt hesi 7o a 28005 ROt oFHE SHHEIRRE HEGIE Rad Rh8: voice SO FoRes 2i ng
| oad of the coBHs BRE LBREETH Bl Wich ishack by e inpdmatinge and the
harmoni cs synthg iezsier%%pﬂg%thggma%/p '(’:ait,igg gxe\cl;ﬂgrsag%glaqr,engecuted before

invoking the waveform synthésizing program, -the voice

allocation mode may be turned to the compuls_bry mode.

Otherwise, the synthesizing mode and the voicé allocation

mode may be set up according to the user choice via a

displayed menu to input desired settings. Furt_h_er; if various

sound source devices are recognized in the hardware check, it

is possible to set either of the CPU select mode or the sound

 source select mode. Thus, in the operating mode setup in
step Sal, the operating mode is set up and recognized before
executing the waveform synthesizing pro'gra,m. :
In step Sa2, waveform loading process is executed. In the

waveform loading process, typical or basié waveforms are

loaded into the area WAVE allocated in the RAM 13 or 20 in

case that the basic waveform is used in the waveform memory

‘readout mode. In step Sa3, it is tested whether a flag

SETFLG is “1” or not. The flag SETFLG is initially set to

“0”, but may be turned to “1” if the sa,mpling frequency fs is

set up in step Sa2l, or if the waveform mémm;y readout mode

is designated in a backup waveform computation mode. The

procedure advances forward to step Sa4 if the flag SETFLG



27 allocated with a wave data area, so that shortage of a free area of the
RAM 13 or 20 may be caused occasionally. Thus, the waveform nenory readout
node may not be used preferably under sone situations dependently on total
RAM capacity and CPU addressi ng vol une. Physical. nodel synthesi zi ng node:
In the physical nodel synthésizing node33the sound generation mechani sm of
an actual nusical instrunent, such as air flowin a tube, is sinulated by

conput od wi t b ipea -+ (PR YBke, PG AR SEELGIR ti 1BERATEE a1
3P A 63- 40 T0BDRL PEURBaboh Cobh e e SewrEuay SaGIAR S our co. or
e e o L L LS e Ll T AL
A e the fag SETFLG is “0°, and the procedure
unconditionally advances forward to step Sa5. However, the
process of step Sa4 is also described here, for convenience of
description. In step Sad, it is tested whether the sound
synthesizing should be carried out entirely by the CPU
synthesizing mode or not. It is possible to use the result of
the hardware check in step Sal to detect whether any
external sound source device ié recogﬁized or not. If there is
possibility of using any sound source other than CPU for the
waveform synthesizing, step Sa4 branches to “No” direction.
In step Sab5, a flag ENBLFLG is tested if it is “1” or not, in
order to detect a nonoperable state. The nondperable state
means that the sampling frequency fs is neither set up in the
waveform generation procedure, nor the backup waveform
computation mode is enabled. Thefefore, the CPU
synthesizing mode is not yet ready in the nonoperable state.
When the waveform synthesizing program is executed in
the main loop shown in Figure 7 at the first time, the flag
ENBLFLG is “0” so that the procedure advances forward to

step Sall. However, the process under an operable state in

case that the flag ENBLFLG is “1” is described here just for



different qualities. The inventive apparatus selectively operates an
optimal one of the digi.tal waveform generators according to the provided
performance information. Specifically, the second waveform generator
includes a digital 28 wavef orm generator of theé waveform nenory readout
type operabl e based on a relatively sin%@e algorithmto create-a digital
waveform having a relatively low quality, and other digital waveform

anot her di of { SOMLSHUPERE Loy BHR. AT FECR R SR PR AR AT T ©
ot hest zed o PEeBARRH PR P ae B B R B S P55 s
sour ce 22 musicaspiftach FuJBin stHEnHit BRoCceRRre AdCRE Qowad B0
SIni e s, e hote Tt B e, E e 2 S Ml I eadou
| done. In step Sa7, existence of a CPU Wa&eform generation
command is checked. The CPU Wavefor_'m_ genera,tion
command is generated in response to a key-on event contained
in the keyboard information KBD, MIDI information or
perforrﬁance information fed from the I/F under the CPU
synthesizing mode. If the CPU W_a,veform generation
command is detected in step Sa7, the procedure responsive to
the command is executed in step Sa8. In the procedure of
step Sa8, the wave data is generated by a specific synthesizing
mode selected out of the available CPU synthesiziﬁg modes.
The wave data is then distributed to the D/A converter 23
via the bus 12. Thus, the sound generation is accomplished
according to the .synthesized wave data or waveform.
" In broader definition, the CPU waveform generation
command may include a key-off event commanding note—dff,
though explanation for the procedures relevant to the key-off
event is omitted here. These note-off procedures are very
simple process such as release of the WaYeerm generation and
termination of the waveform gen’era.tioﬁ%j.' If no CPU waveform

generation command is detected in step Sa7, the waveform



software sound source). The synthesizing nethod is deternined by the
hardware itself. The CPU 10 does not cover the control of the native

synt hesi zi ng process of the sound source 22.
mul tipl € of voice channels are provided. One channel

tone in either of the CPU synthesizing dbde and the sound source

synthesi zing node. A plurality of nusical sounds are generated |n t he
mul tiple of thecannlstorellze concurrség d|n of. th uraI
flpﬁﬁ €10 and

Voi ces.

Si I’lCE

ajeon Jn; $hen

t he sound source

9 d |ce 22 1 he pre t enbodl | ection of
t he wavef or m geri@ d@é Qlée@ﬁq(f t@ $§Pa§ﬂ§n§oﬁﬁ@ﬁ &\@% f the

opti mum one of t he wavef orm generators is designated .

present enbodi nent,
HANeFOr SPIHRZIIE PIREEATL The

according to tﬂmmmnad:mgmpnmtmm

al l ocation nmode includes the follow ngs:

is conducted by the user or not. If the termination of the
program is not indicated, the procedure immediately returns
to prepa.ré for a next CPU waveform generation command.
On the other ha,ﬁd, in case tilat the termination command is
inputted, the waveform synthesizing program is terminated
by setting the flag SETFLG to “0” in step SalO.

If the waveform synthesizing program is executed at the
first time in the main loop of Figure 7, the flag ENBLFLG is
“0”. Then, in step Sall, it is tested whether the allocation
mode is either of the CPU select mode ar.id'the sound source
select mode. If the allocation mode is the manual mode or
compulsory mode, the detection result is “No” so that the
procedure advances forward to step Sal2, where the flags
ENBLFLG, DACENBL, and SETFLG are all set to “17.
Then, the procedure returns. The flag DACENBL is set to
“1” to enable the D/A converter 23. Thus, if the waveform
synthesizing program is executed next time and the external
sound source is used, the check of step Sa3 results in “Yes”
and the check of step Sa4 results in “No” so that the
prbéed-ure shown in Figure 11 is executed. Otherwise steps

Sab to Sal0 are executed if the waveform synthesizing is

In the present enbodi nent,

a

is allocated for one



CPU sel ect node: In the CPU sel ect node, the waveform synthesizing is
effected by the CPU synthesizing node at first priority. However, if the
capability of the computing devices including the CPU 10 is not enough; the
nunber. of voice channel s which can be used for the synthesizing is |limted.
In such a case, a part of the waveform 3§nthesi zi ng operati on exceedi ng the
capacity of the conputing devices including the CPU 10 is carried out by

t he hardware sognd, spurce. ;Sqund rce select node: In the sound source’
sel ect node, t e%ﬁfﬁ?’@rﬂp@%ﬁ%@ng is effected by the hardware sound
source at first priority. However,. if.the, capabilit f .the hardware sound
source device 22 ib%&i‘%‘?ﬁhﬁfhﬁ@é@"ﬁh%é? 1§f£§1?€t%‘x_§%?él &@hi ch can be
used for the sypthesjzing iis limted. In s a case, a part of the

wavef or m synt h@ﬁpzaﬁ@mm@eimrﬁl@@'e@ﬁitgg éﬁ%k%&eungi $PUEGeeseleGhd sour ce

device 22 is carried out bé 30 o
mode in step Sall, the procedure advances forward to step

Sal3. The processing in steps Sal3 to Sa27 shown in Figures
9 and 10 may be done if the waveform generation program is
invoked at the first time. In this process, the sampling
frequency fs is determined for synthesis only by the CPU. In _
step Sal3, the flag ENBLFLG is éwitched to “0”, a flag
BUSY is set to “1”, and the flag DACENBL is set to “0”
explicitly. the flag BUSY is set to “1” to enable counting up
in timer process described later. Setting of the flag
DACENBL to “0” is done in order to disable the output
operation of the D/A converter 23 to prevent sound
generation during the trial waveform computation described
later. After sfep Sal3, registers SCOUNT and TCOUNT are
reset to “0”. The content of the register SCOUNT indicates
loop cycles of the following trial waveform .computa,tion. The

register TCOUNT inérementa,lly counts ﬁp while the flag
BUSY is switched to “1”. Thus, this reéister indicates a lapse
time required to gexhlerate. one waveform by m cycles of the

-synthesis computation. In step Sal3, one sample value for
one sampling period is generated by the 'e)éecution of a

predetermined wave data generation algorithm. The detail of



the CPU software sound source. Manual node: In the manual node, the user
manual |y specifies either of the software and the hardware sound sources.
Further, a specific synthesizing node is designated if the CPU aided

sof tware sound source is specified. Conpul sory node: In the conpul sory
node, the sound source to be used is fo#2ibly determned according to
running state of application prograns other than the sound generation

o 90w 11 otk BRBGEetiRe: U RHAT S0, Wb linchib Gl et W gk ve musi cal
Further. the gubutipaeditier SORMUNT EeReniended B T Fibeevem ound
dynthesi <. " Thiie CHEIRSAYAINE GPIERNR. 18 eHecmbed ones. Do SUpISSLR; 11 om
G vi dod | nt o Atpukabedyl dhecegistersS CROUN L rsadesccyclel R lf 4 B an s

area is occupied by the operating systemas in the general .
detected NO, the procedure returns to step 5ald. Otherwise,

the procedure advances forward to step Sal8 in Figure 10 in
case that the check result is YES. Thus, the steps Sal5 and
Sal6 are repeated until the loop cycle of the sample value
computation reaches to “m”.

In step Sal8 of Figure 10, the flag BUSY is switched to
“0” to disable the counting up of the timer. Then, in step
Sal9, a frequency Fs ié calculated by the following
equation (1). |

Fs = (m-margin)/(TCOUNT-Tt)...(1)

In this equation, the “margin” is a constant set smaller than
value 1 to provide the computation devices including the CPU
10 with some margin, COhsidering the processing power of the
~ devices. As described before, TCOUNT indicates invocation
times of the timer during the period required to “m” cycles of
the execution of the sample value calculation, while Tt
indicates a pitch of the timer. Thus, the product of TCOUNT
and Tt corresponds to the;period required for completing the

sample value calculation process to generate one waveform.



personal conputer. The application programareas (1) to (n) accommbdate
various application prograns other than the 31 waveform synt hesi zi ng
program These areas are allocated one by one for the invoked application
prograns. Song data and ot her m scell aneous data are stored in a data area,
while the wave,data is |oaded into a wad® data area WAVE when the
synthesizing is carried out by the waveform nmenory readout nmethod. Lastly,

a designated one ar nt he L 'S stor wavef or m
synt hegl zing pr og(r)ia-‘ 3§ Qﬁgﬁgﬁgy &ﬁ?%‘m%géabrﬁ " -'?qgﬁglﬁ’dl g@ﬁﬁat or
according to t nventi on ¥y| be d scri bed Iﬁggeund The nusi cal sound

i s generated ee ey e d b@cWﬁ ELEBI Sadapi pﬁ“lfg ©¢n$ﬂ$éltpersonal
conputer, namgly, the” ef or ynt hesi zi ng program Qt herwi se, the

wavef or m synt hdBREgHY gﬁég wmesm&p@mrdoat ahandwarq/setuphe oS in

the formof a tran5| ent prog:bram which is automatically installed
In step Sa20, it is detected whether the calculated

frequency F's is greater than 32 kHz or not. _Th1s critical
frequency “32 kHz” is .employed consideri_ng' the minimum
quality of the musical sound to be generatéd. If this detection
result is positive, which means that the processing power of
the CPU is evaluated as sufficient for-ma.inta__.ining the
minirﬁum quality of the sound, the procedure advances
forward to step Sa2l. In step Sa2l1, an adequate sampling
frequency fs smaller than and closest to the calculated
frequency F's is selected out of 32 kHz, 44.1 _'kHz, 48 kHz, and
50 kHz. If the calculated frequency F's is 47 kHz, the
sampling frequency fs is set to 44..1 kHz, which is closest to

- and smaller than 47 kHz. The value smaller than the
calculated frequency F's is selected because t_jhe constant
margin does not make sense if the sampling _f;_requency fs is set
to exceed the processing power of the CPU. ‘After step Sa2l,
the flags DACENBL, ENBLFLG and SETFLAG are all set to
“1” .in step Sa22, and the procedure returns";This flag
operation enables the D /A converter 23 to output the musical
sound. Further, this flag operation indica,tes;tha.t the
sampling frequency fs is set up. Consequentisr, the



at the time of boot-up of the system  Even though the nenory address and

execution per
configuration
prograns, ope
executed as o
the nusical s
flags are set
adm nistratio
application p
application p
synt hesi zi ng

data at one c
to (n) do not
progranms nmay

m ssion of the waveform synthesizing program depends on

of the OS environnment, user operation, nunber of application

rating conditions etc., the waveform synthesizing programis
ne of the applications (1gito (n). Upon power-on or reset of
ound generator, as shown in Figure 7, various registers and

HofPHerele il TchBedL b0 b Bppiablene®” o 5. The

oo 3de) the S eiStriTke) Nte bhe el ek aThiod af the

programis execyted to generate%e sanpl, al ue, of, the wave

of shepi 224 irepulisogr ans (1)

yavelorm sEnbhesizing Progeam,oehe

32

I ncl ude the waveform synthesjzing program These application

6No’esatthat thersynshesizing daskone by the processing shown
in Figure 11 if the waveform synthesizing should be carried

out by the external sound source device. Otherwise, if only
the CPU is used for the waveform synthesizing, check of step
Sad results in “Yes” and check of .step Sab results in “No” so
that the synthesizing is carried out through steps Sa6 to Sa8.
On the other hand, in Figure 10, if the result of the test
about the calculated frequency F's in step Sa20 is turned out
“No”, whiph means that the minimum quality of the sound
cannot be retained, the procedure advances forward to step
Sa23. In the stei) Sa,23,. fhe user is warned that the minimum
quality of the sound is not available, and the backup |
waveform computation mode is called. The backup waveform
computation mode is the waveform memorjr readout mode
which is selected as a secondary choice when the minimum

quality of the sound is not affordable with the primary

| synthesizing mode selected out of the available CPU

synthesizing modes. In step Sa24, it is tested whether the
backup waveform computation mode is deSignated or not. If
YES, the procedure goes forward to step Sa.25, where original

waveforms are prepared by the primary computation mode



or to entirely different affairs. After step S5 the procedure returns to
S2. If there is no change in execution status of the application programs,
the loop of S2 to S5 is repeatedly executed. Qtherwise, if there is a
change in the execution status of the apgl i cation programs, such a change
is detected at the system adninistratiohZprocess in step S2. If the change
of the status is of programterm nation, the reI evant execution step of the

(Pvocation o Sidid SIGEER the M&ﬁ&ﬁhﬁﬁﬁﬁo BGmE (et ¢ Che
o heaFgoL“&%ﬁﬁ@ l'a%pcﬁmihfe ?§5ﬁt paRred NERRRApS staid sievsforRetppl | bat i on
b “The appl | cfeeth Dt ot 456 SasBLDE Blea R re o mevh&%rifsg? 2o 35 the
musi cal sound aln.litoal W%i/ca‘l%? 'h%rt%h%?ng r 'fﬁus, tﬁe Sﬁgz;,\lreefz)rgi synthesizing

is effected virtually with the waveform memory readout

mode, so that the ﬁﬁnimum quality of the reproduced sound

can be retained even if the low performance CPU is equipped

in the system. After that, the process in step Sa22 is

_executed to switch the nonoperable state to the operable |

state, and the procedure returns. On the other hand, if the

backup waveform ca.lcuiating mode is not specified in step

Sa24, the procedure goes forward to step‘ Sa26, in which a

termination command for the sound synthesizing program is

detected. If the termination of the sound synthesizing

program is commanded, the operation ﬁnis}ies, by clearing

the flag SETFLG to “0” in stép Sa27. In case that the

calculated frequency F's is smaller than 32 kHz, and the

backup waveform calcu_la,tion mode is neither specified nor

the program termination is comxha.ndéd, the warning alarm is

continued. Thus, the waveform synthesizing is done with the

computation devices such as the CPU 10. The sampling

frequency fs is optimized with respect to the CPU

performance. Further, if the performance of the CPU is low,

the synthesizing is executed by switching to the waveform



t.he sanpl e val ues are generated continuously by repeating the loop to
create a desired waveform Thus, if the generated wave data is sinply
converted into an anal og signal, the sanpling period is varied, so that
jjitter may occur in the reproduced nusical sound. The data buffer is
provi ded before the DY A converter 23 ifJrder to tenporarily store the
‘generat ed wave data of the sound. The data buffer is accessed for readout

of the wave data_at_a _fixed,sa i ng, f requency,fs. Jf si,cal sound
generation i s D&YX 68%9"& IF%% @hb@r gﬁ'pl d&‘%ﬁh’éicﬁi&g?@]a@here t he

[ I .5t gnd- al ope el ectroni ¢ nusi cal
Thotrument | sound Ok FRBIRGY) dheds L pigeRcrecoys] SYAVSIRTI GEREFRRT |ty 1o
generate sound, the, execution per.iod of the | oop process capn_be fixed. In
ot her words, t(%%nP&ﬁS’Spﬁ’G@é%BuE%n% cHeEerozm gemeraboy @[P@'@gﬂe In such a
case, it is very practical to make the Ioott) interval to coincide with the
reci procal -of adeordimgitiong givengualgoyithmsat ahuarinhde dgrerabicrt epeedn be

elimnated. The waveform synthesizing programexecuted in step S4 is
descri bed her dondreatecdadigital wavefoyundsy Sutoessivelfheompgtiag i s execut ed

after loading thereof fromthe storage unit 15 according to a predeterm ned . -

operation. |n ssamepléablues of the digital waveform. The computerized
waveform generator is provisionally operated to éa,rry out
trial creation of a model digital waveform while measuring
the operation speed at which the trial creation is carried out.

" The sampling frequency is optimally determined in
comparable to the measured operation speed. The
computerized waveform generator-is actually operated to
enable the same to successively compute sample values of an
actual digital waveform at the determined sampling frequency
according to the provided performance information. The
sample frequency is fixed to one of stepwise predetermined
levels, which is lower than and closest to the measured
operation speed. When the determined sampling frequency
falls below a critical level which is defined to ensure a
minimal quality of the digital waveform, the initial algorithm
is changed to raise the operation speed of the computerized
waveform generator so that fhe sampling frequency can be
redetermined to exceed the critical level. The algorithm is

changed from a complicated one to a simplified one such that



the synt hesi zi ng node and the hardware setup are checked. In the hardware

setup check, optional devices are recognized 34 by the check net hod
descri bed before. As for the operating node, both of the synthesizing node
and the voice allocation node are chec?ﬁd as well. Wth respect to the
operating node setup, if other applicati‘on prograns are executed before

i nvoki ng the waveform synt hesi zi ng program the voice allocation node my
be turned to ghe ¢ tePI2e RS ef G h Syt é:%ﬁ g5 and the
voi ce allocation no may be ‘set eup Igc %yrl%fér?g&[@t 'e‘bgser cﬂgﬂnﬂg&

_ “choice via a
di spl ayed meny;h QiR bod blith9 1o Ui AREIAIL I B, Sound sour ce

devi ces are recogni zed | negléﬁgaaragwar e check > possiblieto set either

oper at i ng modlTeRATEt alks of SRBI 1RRNET Ba R SR ey Bttt thy

vaveror m | oadfBital SERborth o ihe Samplervalligs Tay beduibiatty™™ 1" St P S92
computed by the complicated algorithm. Then, the sample
values are stored in the waveform memory fbr_actual use
under the s_imble algorithm of the Waveformmemory readout
mode. Thus, the inventive sound géﬁeratiﬁéﬁfa;ppa,ratus for
creating a digital waveform to genéra,te a musical sound
according to performance information, compﬁses input means
for providing performance information, computerized
waveform generator means operabie based on a given
algorithm at a variable opération speed to create a digital
waveform by successively computing sample values of the
digital waveform, trial means for provisionally operating the
computerized waveform generator to carry out trial creation
of a model digital waveform while measuring the operation
speed at which the trial creation is carried out, determining
means for optimally determining a sampling frequency
comparable to the measured operation speed, controller
means for actually operating.the computerized waveform
generator to enable the same to suécessively_ ':(_;:_ompute sample
values of an actual digital waveform at the d‘étermined

sampling frequency, and output means for generating the



_ . 1GH sy typical or basic waveforms are |oaded into the
e area V\AVE al-l'ocat ed i'n the RAM 13 or 20 in case that the basic waveformis
"~ used in the vvaveform menpory’ readout node. In step Sa3, it is tested whether
“a flag SETFLGi s 1 .or net. The flag % TFLG is initially set to "0", but
C-may be turned’to "1" Tt the sanpling friégquency fs is set up in step Sa2l,

“or i fthe. Waveform mem)ry readout node i s designated in a backup vvaveform

execut ed iLnt
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. t hate {he wavef nt he5| zing programis
'ﬁé%?"&’&b‘iﬁd E? FFREHORS e, ¢ he flag SETFLG

I S "

and "'he prpC re unc i tion ances .forward step Sab5.
.__"j.Hovvever “th &%g'le ¥id¥p 1%5&@% 1%%'@6‘!9@’4{@1 B@%Sl é’-sef%é &}%nvenl ence of
~aid t -Sad t t est t th d t h
hecTLP _haga é‘whéc'ﬁme fvicgnor the waveform synthesizng 2

:}should by
E _m'_step Sa,4 in Flgure 8, the procedure branches to step Sa28
1n- Flgure 11. In step Sa28, the flag DACENBL is switched to
”?”“1” to enable the D/A converter 23 to output the sound. In
s.tep Sa29 any termma.tlon command for the sound

synthesmng progra.m is detected. If the termination of the

sound synthes1z1ng program is commanded, the synthesizing
program ﬁmshes by clearing the flag SETFLG to “0” in step
Sa,31 through step Sa30. On the other hand, if the
terﬁ:mnatmn of the sound synthesizing program is not

comma.nded the operating mode is checked whether 1t is the

sound source synthes1z1ng mode or not in step Sa32, 1f the
detectlon result ‘of step Sa29 is negative. When the sound
souree synthes1z1ng mode is detected in step Sa32, existence
of :'the ha.rdware requued for the specified mode is detected in
step__Sa.33 ThlS ‘mode is specified upon the recogmtmn with
the_hdrdware check in step Sal. If the relevant hardware

ex1sts " .'he synthes1z1ng procedure is executed by the relevant

ha,rdwa.re:in step Sa34. Otherwise, the lack of the relevant

ha.rdwarels 1ssue_d in step Sa35, and the synthesizing process

1scont1nued 'usiﬁ;; the current hardware setup, if the relevant




synt hesi zing node or not. It is possible to use the result of the hardware
check in step Sal to detect whether any -external sound source device is
recogni zed or not. If there is possibility of using any sound source other
{han CPU for the maveforn1synthe3|2|ng step Sa4 branches to "No"
direction. In step Sa5, a flag ENBLFLG 46s tested if it is "1" or not, in
order to detect a nonoperable state. The nonoperabl e state neans that the

orocedure,  noldtig g, ﬁ%ﬁﬁéﬁﬁ"%@ﬁ?%ﬁ%&%@b@%‘ﬁ%ﬁi %%ﬁ;  Therefore.

t he CPU synt hesi zi n_the no state. Wen

t he wavef orm Eﬁﬂfﬁagmirﬁguﬁ%ﬁﬁg}#/ﬁpﬁﬁ%%{% Hrﬁcﬁﬁﬂ h g‘ﬁ shown ijn
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" (Figure 8) will be described hereunder with reference to
Figure 12. In the waveform loading process, it is detected
whether a MIDI sample dump command is received through
thé multi I/O port 14 in step.Sbl. The MIDI sample dump
contains a wave data according to the MIDI standard, and is
used in the waveform memory readout mode. If the MIDI
sample dump is received, the sample receiving procedure is
conducted such that the received data is transferred to the
area WAVE in RAM 13 or 20 in step Sb2. The sample dump
receiving of step Sb2 is repeated until all of the data reception
are completed. The completion is detected in step Sb3. If all
of the data reception are completed, the detection in step Sb3
results in “Yes”, and the procedure returns. On the other
hand, if the check of step Sbl results in “No”, it is checked if
the wave data is transferred via the interface I/F in step Sb4.
If the wave data is received, the received data is transferred
to the area WAVE in the RAM 13 or 20 in steps Sb2 and
Sb3, as in the case of the MIDI sample dump. If both the
steps Sbl and Sb4 result in “No”, an access reading event for

the storage unit 15, namely the request to read out some data. -



the preparation for the CPU synthesizing is already conpleted. In this
state, the procedure advances forward to step Sa6, where processing of
performance information is done. In step Sa7, existence of a CPU waveform
generation command is checked. The CPU waveform generation command is
generated in response to a key-on event#t7contained in the keyboard

I nformati on KBD, M DI information or performance information fed fromthe

| /F under the t |zl ng. - e veker, erati on comuand
is detected i ﬁ’%{eﬁﬂgﬁsﬁﬁ ‘%‘%Jﬁe&?%gggﬁgv%%pogm ﬁg nd is
executed in step_Sa8. In the procedure of st a8, .the wave data is
gener at ed by 5e§BS§€f$ @og'y‘ﬁﬂlrg@i gﬁﬁgwﬂ'ﬁ r%ﬁgeﬁ%éd%{%eﬁﬁmpﬁée vai | abl e CPU
synt hesi zi ng podes.,. The wav ata is then distribpyted to the DA converter
23 via the busmp,;mdnﬁfiy emfit me@%iﬁeamt&msssmﬁﬁﬂ%%aomm ng to
t he synt hesi zed wave data or wavefaorm _In broader definition, the CPU

wavef or m genej@Piténdeerfanthewthernhard, whesy theracsesatevemineseursy

not e- of f, though explanation for the procedures relevant to the key-off

event is oni tﬂ‘.ﬁd data reddeset firom- thié¢ sporageiunét 14 5 ckegked oplstepr ocess

such as rel ease of the waveform generation and
Sbé. Further, in step Sb7, it is tested whether the read out
data is the wave data or not. If the read oﬁ-t data is not the
wave data, the Wé,veform loading is terminated immediately
and the procedure returns, since there is no more job to do.
Otherwise, if the wave data 1s read out, the wave data is
transferred to the area WAVE in the RAM 13 or 20. The
data transfer in step Sb8 is repeated until the end of the data
transfer is detected in step Sb9. When the data transfer is
completed, the check of step Sb9 results in “Yes” and the
procedure returns. Thus, in the waveform loa,ding,- the wave
data to be used in the waveform memory readout mode is
received or read out. Then, the wave data is transferred to
the area WAVE in the RAM 13 or 20. The computation
devices such as CPU 10 processj-:he wave data with the
waveform memory readout mode according to a simple
algorithm in order to synthesize the actual Waveforﬁl. In
order to reproduce the wave data ldaded in the RAM 13 or 20
by the sound source 22, the loaded basic wave data might be

transferred again to the waveform memory 25 included in the



ferm nation of the waveform generation. If no CPU waveform generation
command is detected in step Sa7, the waveform 37 synt hesi zi ng
conputation in step Sa8 'is skipped, since there is no job to be executed.
in step Sa9, it is tested whether term nating operation of the waveform
synt hesi zing programis conducted by tK8 user or not. If the term nation of
the programis not indicated, the procedure imediately returns to prepare

[he form nat | SRLRSAPeO22C R b A0 "*Eﬁ%ﬁﬁﬁs@%@@oér"’i% o

t erm nat ed by setting the ETFLGto Q" S Sal If the veform
synt hesi zi ng P‘gbq r‘?{gFE 8&1{&31%%3 e;5pund ,sgprpenéﬁg :

Figure 7, the fl ENBLFM "0". Then, in step Sall,. |s tested vvhet her
the all ocati of® m‘éSfe éraéﬁmM@UWS}’é’l ?mnﬁkﬁ?n&ﬁﬂ ttoneecéﬁﬂfﬁd sour ce

sel ect node. he .al_| ocati gn no the manual node or conpul sory node,
the detectiont h%égﬂdedswaM@ ff@ ﬁ‘ixe Eﬂ% U must execute the wave data

transfer from the RAM to the waveform memory. However,

;-4
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in the present embodiment, the basic wave data is loaded to
RAM 13 or 20 under the control ef the CPU 10. Therefore, it
is not necessary to provide the temporary memoty to hold
the wave data in the hardware. Further, it is not necessary to
execute re-loading process in which the loaded wave data is
transferred further to the external hardware device. The
costs for the system hardware or software can be reduced,
and the time from the end of the wave data loading to the
repreduction of the sound can be shortened.
The sample value computing operation executed in step
Sal5 (Figure 9) will be explained hereunder with reference to
- Figure 13. In step Scl of Figure 13, it is tested whether the
co-processor 17 exists. In the present embodiment, the
co-processor 17 is insta.lled-.- However, this (ievice is optional
and may be lacked in some hardware setup. If the CPU 10
accommodates an arithmetic operation unit equivalent to the
co-processor 17, the detection of the co-processor is not |
required. It is possible to regard the system as if the

co-processor is installed. If the co-processor 17 is detected,



procedure advances foorward to step Sal 2, where the flags ENBLFLG DACENBL,
and SETFLG are all set-to "1". Then, the procedure returns. The fl ag
DACENBL is set to "1" to enable the D/A converter 23. Thus, if the waveform
synt hesi zing programis executed.next tinme and the external sound source is
used, the check of step Sa3 results in4%es" and the check of step Sa4
results in "No" so that the proceduré shown in Figure 11 is executed.

CLher vt 5 88 Hobls A5 oI 38 Adub IEHRL ORI AE NS, |
(he o locat o e 5,0 ey o s,y ot s selesl o 1
oLeps S Lo SHel ChONhme el TR SR et ™
SAMPLING 1T eAUeR™s there is no co-processor 17, After step Sc? or Se3. the

procedure returns. The sample value calculation is the same

in steps Sc2 and Sc3, except that the co-processor 17 is used

or not. Thus, the detail of the sample value calculation is

explained with respect to step Sc3 here. |

In step Sd1 of Figure 14, it is tested whether the current

operating mode. is set to the FM mode among the various

CPU synthesizing modes. If the FM mode is set, a set of

sample values corresponding to a number of channels are

calculated at one sampling point according to the FM

synthesizing method in step Sd2. For example, if polyphonic

synthesizing is selected, a set of multiple sample values

required for synthesizing a desired number of voices are

calculated. In this case, the load of the CPU 10 is high, since

various voices having various pitches may be concurrently

created. Even worse, other processing such as graphics

processing may be done in pé.rallel. If the FM mode is not

detected in step Sd1, it is-detected whether the current

operating mode is set to the waveform memory readout mode

among-the CPU synthesizing modes in step Sd3. If the

waveform memory readout mode is detected here, a set of



step Sal3, the flag ENBLFLG is switched to "0", a flag BUSY is set to "1",

and the flag DACENBL is set to "0" explicitly. the flag BUSY is set to "1"

to enable counting up in timer process described later. Setting of the flag
DACENBL to "0" is done in order to disable the output operation of the DA
converter 23 to prevent sound generatioPlduring the trial waveform

conput ation described later. After step Sal3, registers SCOUNT and TCOUNT

of the Tol | o TRy ERb R erired 85t Shitipline majntrare radnt o
increnental ly gount,s up whiJ e .the flag BUSY js swiched to "1". Thus, this
regi ster indi cffloé’él filf? g‘fﬁ‘@f?%n}wgesntBo BiCSHRC@TISH m by m
cycl s of e SNTIGE! SucolVialiony ko Stef, Stz ong sample value for one
82”3;2& ?Beg' lgo &tp?c”ésqlg&ggﬁ? ci>1|1t.9'f1‘his ci)’a?tat ?gagirnogc g,;fil crigtalqurz;: ersias15 el

not carried out by the CPU 10, but by the DMAC 19. The

- wave data hasl been loaded to the area WAVE in the RAM 13

or 20, or provisionally stored in the ROM 11. If the waveform

memory readouf mode is not detected in step Sd3, it is

detected whether the current operating mode is set to the-

harmonics éynthe_sizing mode among the various CPU

synthesizing modes in step SdS. If the harmonics synthesizing

mode is detected, a set of sample values required for one

sampling process are calculated by the CPU 10 according to

the harmonics synthesizing method in step Sd6. In

polyphonic mode, a number of samples required for

synthesizing a desired number of voices are calculated with

the harmonics synthesizing method. In this case, the load of

the CPU 10 is high, since various voices having various

pitches may be created concurrently. Even worse, other

processings may be carried out in parallel, 'i-'simila.rly to the

situation under the FM mode. If the harmonics synthesizing

method is not detected in step Sd5, it is tesg?_ed whether the

current operating mode is set to the physic_éa;l model

synthesizing mode among the various CPU Synthesizing '



Sal6, the register SCOUNT is increnented by "1" whenever the sanple val ue
conputation is executed once. In step Sal7, it is tested if the register
SCOUNT reaches cycle "nf'. If it is detected NO the procedure returns to
Sstep Sal5. O herw se, the procedure advances forward to step Sal8 in Figure
10 in case that the check result is YEBL Thus, the steps Sal5 and Sal6 are
repeated until the |l oop cycle of the sanple value conputation reaches to

the’ counti ng TROGFS PREEPredT TH.5H8 phPdeE! odd) SYhiicifiniOmade;g @ ' ¢
“1) T chi s Ghbetesh, SAthpYec  giined, forlons sePahngp SHRATR  t han VAl Ue 1
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indicates a pitch of the tinmer. Thus, the product of TCOUNT and Tt
corresponds t nunhbepedisainpteprequirtdrforosymittesizinghe desired number

of voices are calculated with the physical fﬁodel synthesizing

method. If the physical model synthesizing mode is not

detected in step-Sd7, the current operating mode is out of the.

present embodiment, so tha,f the warning for the wrong mode

‘setting is executed in step Sd9 as well as other process. After

steps Sd2, Sd4; S5d6, Sd8, or Sd9, the procedure returns, and

then the following step Sal6 (Figure 9) is executed.

As for the waveform sa.mple value calculation with the

CPU 10 and the co-processor 17 execute(i in the step Sc2, the

procedure shown in Figure 14 is executed with cooperation of

the CPU 10 and the co-processor 17 so that the calculating

operation can be made faster. The detailed explanation for

the operation is omitted here, since the procedure is basically

the same as the calculation only by the CPU.

Thus, in the waveform sample value calculation in step
Sal5, the most influential processing on thé_ ‘quality of the
synthesized sound is carried out by one of tl}_ie CPU

synthesizing modes. In the FM, harmonics synthesizing, or

physical model synthesizing mdde, the time required for the



sanpl e val ue cal cul ati on process to generate one waveform 40 Thus, the
frequency Fs cal cul ated by the equation (1) is the frequency of the
wavef orm sanpli ng, and the constant "nmargi n" reflects the processing power
-of the hardware setup. In step Sa20, it is detected whether the cal cul ated
frequency Fs is greater than 32 kHz or58ot. This critical frequency "32
kHz" is enpl oyed considering the mnimmquality of the nusical sound to be

oener oL o0 11 v SRl b WAIERS e SRR I 1
n'step Gazl, Teptediifes SIHANGHT.CR HAe POIE Aerlchl TRRSOMR c| oseet 1o
the cal cul ated frequency Es,is selected out of 32 kHz, 44.1 kHz, 48 kHz,
and 50 kiz. | {SYHbesiEing e Vaug af£y mple peid isapstually
ki "The’ var usaiulated imerdendo examine the processing power. The

calculation is repeatedly done in steps Sal5 to Sal7 for m

cycles, and the time required for the m sample calculation is

measured by the timer operaiion to set the sampling

frequency fs suitable for the processing power of the CPU in

step Sa2l. | Similarly in the Wa,yeform memory readout mode,

the readout operation of the wave data is the bottle neck of

the sound synthesizing, so that the wave data at each sample

point is read out to exa,miné the accessing speed. The readout

process is done in steps Sal5 to Sal7 for m samples, and the

time required for the m sample calculation is measured By the

timer operation to set the sampling frequency fs suitable for

the processing power of the CPU in step Sa2l.

The synthesizing by the selected hardware, which is
executed in the above-described step Sa34 (Figure 11), is
" explained hereunder. This synthesizing process is effected
unless voices of all the channels are synthesized by the CPU
synthesizing mode alone. This process is executed to control
the sound source device used for synthesizing the waveform

according to the allocation mode. First of all in this -

procedure, event detection is carried out in step Sel of Figure



cal cul ated frequency Fs is sel ected because the constant margin does not

make sense if the sanpling frequency fs is set to exceed the processing
CPU. After step Sa2l, the flags DACENBL, ENBLFLG and SETFLAG

power of the
are all set t
operation ena

Further, this flag operation indicates that the sanpli Rg frgquencK fs is
. nonqgper abl e state i s . changed to,the
gﬁ%e{rﬁt bﬁ%ﬁé’oﬁ%eagf%@ SV {s5uedelll TESRONSE 4R of t he

Ry bioatal RO p it RELor M IDiolormation, anr (1 the

set up. Conse
oper abl e stat
wavef or m synt
the synthesi z
wavef or m synt
device. O her

t he
hesi zi n oul d be carried out hy the external sound source
Q\Paél,dqq‘gogﬂ?ﬁ/ ef’ﬁ@‘?%lﬁ@ti @Dﬂ&éﬁSQ@ﬂtG Adonblre Pl synt hesi zi ng,
check of step Sa4,results in "Yes" and check of step -Sa5 results in "No"

o "1" in step Sa22, and the procedure returns. This flag

bles the. D) A converter 23 3® output the nusical sound.

that the synt A¥Bthesiging made, ditalsa nsseginted dostisasoundsasurce

device mode. Upon detecting the key-on event, the apparatus
initiates the synthesizing process. In step Sei, it is tested
whether the current operating mode designates the sound
soufce synthesizing mode or not. If the detection fesult is
“No”, the procédure branches to step Sell. Otherwise, the
procedure goes forward to following step Se3, if the detection
result is “Yes”. In step Se3, it is tested whether the current
synthesizing operation status of the sound source devices and
the performance information corresponding to the event
comply with a “condition” for synthesis of waveform by the
sound source device. In the present embodi_rnent, one
condition is whether the number of voices (timbres) to be
synthesized currently is within a maximum number of voices

which can be synthesized simultaneously by the hardware

"device specified in the sound source éynthe_siz_ing mode. More

particularly, in step Se3, the number of channels currently
being in active status and being allocated for the sound
source device is less thé.n or équal to thé_fu_l‘__l nﬁmber of the
channels which can be used for Simultaﬁéoﬁs_ éynthesis of

voices by the device. The “condition?” may include other

SO



Gn the other hand, in Figure 10, if the result of the test about the
cal cul ated frequency Fs in step Sa20 is turned out "No", which neans that
the mninumquality of the sound cannot be retained, the procedure advances
forward to step Sa23. In the step Sa23, the user is warned that the m ni mum
quality of the sound is not avail able, a#d the backup waveform conputation
‘mode is called. The backup waveform conputation node is the waveform menory

qual i1y of ¢ neakituEsEEl E%ethﬁP?eaaﬁimﬁﬂﬁéhS‘rﬁiﬁaﬁ@ Gyt e g mode
Fest od vhot Le%hehﬁ?%iﬁa&aﬁﬁaﬁeﬁe&?ﬁaym 3 Zbe%%ﬁw lawgEL thaBced or not .
e prepar cd. IFeaREeRE G ABAp 0): Vohetibtsca vellug Kelevare ot or ed | n Lhe.
Ctored wavef o Hmpre” specified by the detected event is higher (or lower)

than a predetermined value. (3) Whether a value relevant to

a number of “parts” in the performance information specified

by the detected event is higher (or lower) than a

predetermined value. (4) Whether a detected MIDI-CH value _

(number of channels) relevant to the detected event is higher

(or lower) than a predetermined value. As shown above, the

criteria for the “condition” may be generalized as whether a

certain value specified by the performance information is

higher (or lower) than a predetermined value. It is possible to

implement a particular “condition” {0 issue a negative result

if some unique timbre.'is specified to be synthesized in the FM

mode or the harmonics synthesizing mode using the sound

source device. This implementation will be descrlbed later in

another embodiment. If the “condition” is fulﬁ]led channel

assilgnment process is conducted in step _Se4¢ such that a

channel to synthesize a voice for the key.-og:_-ievent is allocated

out of vacant 'cha:anels in the sound source_device, which are

currently not used for synthesizing the soundIn step Se5, the

sound generation is executed using the :‘spe:'c;_i;ﬁ:'e'ki sound source

hardware, in which the actual synthesizing of the waveform is



read out at the sanpling frequency 32 kHz, which is automatically

determ ned. Thus, the waveform synthesizing is effected virtually wth the
wavef orm nenory readout node, so that the mininmumquality of the reproduced
sound can be retained even if the | ow performance CPU i s equi pped in the
system After that, the process in step5%a22 is executed to switch the
nonoperabl e state to the operable state, and the procedure returns. On the

ot her hand, if,the ba pvvavformcal Iat e is t specified in

step Sa24, théi(b'@%cf%l E’@Eéﬁ@ f%Y%%Hl %‘?@%Ch?ﬁ ich a ternination
command for the s ynt hesi.zi ng pro detecte | thetermnatlon
of the sound synt &gsﬂlﬁ 9093 QaﬁqlﬁsﬂQgﬁaﬁi inighepopedaiti thtestedshes, by

clearing the flag SETFLG to "Q" in_step S‘a2,7 In case that the cal cul at ed
frequency Fs % hether shetflag EEB(EFLGH& fhe Obamdmpn\ﬂiepfﬁﬁﬁn dntthisat i on
node is neither specified nor the programterm nation is conmanded the

war ni ng al ar mstagepthenvedue Thtusf the fagvENBhISG hedicatey thatddre with
the conputation devices such as the CPU 10. The sanpling frequency fs is

gPt It hmez gg va: tS fsltggvs 513 tto 5425 @Aﬂr@b@éﬁrmmﬁ,edFah*eh@y, drfd ihdid¥tesor mance

that the sampling frequency fs for the CPU synthesizing
mode is already set up. Thus, the CPU synthesizing mode is
available. Therefore, if the test result of step Se6 is “Yes”
because of value “1” of the flag ENBLFLG, .Voice allocation
procedure to the CPU synthesizing mode is executed in step
Se7 so that the synthesizing of the waveform relevant to the
event W].:lich'does not comply with the condition for
synthesizing by the sound source device is carried out by the
CPU synthesizing mode. Particularly, an allocation command
is issued to calculate sample values of the waveform relevant
to the event in this CPU synthesizing allocation procedure.
The command includes designation of computation mode to
be executed by the CPU 10.(any mode out of the CPU
synthesizing modeS), and designation of the timbre, pitch,

| touch, volume and channel assignment. Further, the

- command includes note commands such as key-on or key-off.
During the allocation command is valid, the corhputation
devices including the CPU 10 execute the waveform

synthesizing computation process in order to generate the



the synthesizing is executed by switching to the waveform 43 menory
readout nbde, which can reduce the CPU | oad. For sunmary, the CPU ai ded
second wavef orm generator conprises a conputerized waveform generat or
operabl e according to a given algorithmat a variable operation speed to
create a digital waveform by successi vdél§ conputing sanple val ues of the
digital waveform The conputerized waveform generator is provisionally

operated 0 GaiihlQUalhbs TblHER! t@HhAT ebrtPAP st BAR. AR OF m whi I e

measuri ng the operation spee e trra reati’on 1s carried out
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actual ai gi e O IREFErbs 4F SRR WESetard B A AR MBR, G g o
e Dol o g LIRSS (ol OO seblin 8P che RISV o hig? (© one

ENBLFLG is detected in step Se6, the CPU synthesizing

mode is not available. In this case, truncating process is
carried out to turn off sound reproduction operation of a
channel which is the oldest in step Se8, to make a vacant
channel forcibly. This truncating process may be included in
the allocation process executed in step Se4. In step Se4, the
relevant event is alloc;a,ted to the vacant channel made by the
forcible note-off, and the synthesizing of the waveform
relevant to the event is carried out by the allocated channel
in step Se4. If multiple sound source devices are installed to
the system, channels of the different sound source devices
may be allocated to synthesize a single timbre. |

By the way, if the sound source device select mode or
preceding mode is not detected in step Se2, there ﬁlay be the
CPU select preceding mode or the manual mode in which the
CPU synthesizing mode is set together with the sound source
synthesizing mode. Thus, the procedure branches to step
Sell in Figure 16. In this step Sell, it is tested whether the
current state of the CPU synthesizing mode and the

performance information relevant to the issued event comply



devels, which is |lower than and closest to the nmeasured operation speed.
When the determ ned sanpling frequency falls below a critical |evel which
is defined to ensure a minimal quality of the digital waveform the initial
‘al gorithmis changed to rai se the operation speed of the conputerized
wavef orm generator so that the sanplind7requency can be redetermned to
exceed the critical level. The algorithmis changed froma conplicated one

oper at e baseH1h o CPRHIEPREfO5 SRR B o AF LIPS I arIg y 1 cad
vavel or m _Thet i ke U RAGRSISAFHHES £ARY (6 Foncersd ab th” sendibipR’ cat oo
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embodiment, the condition is whether a number of voices

(timbres) to be synthesized currently is within a maximum

number of voices which can be synthesized simultaneously

with the CPU synthesizing mode. More particularly, in step

Sell, it is tested whether the number of channels (CH)

currently being held in note-on status and being allocated for

the computation devices.including.the CPU is less than or

equal to the maximum numBer of the channels which can be

used for simultaneous synthesizing of the waveforms by the

CPU synthesizing mode. If the “condition” is satisfied, it is

 tested whether the flag ENBLFLG is “1” or not in step Sel2.

As described above, the value “1” of the ﬂag ENBLFLG here

indicates that the synthesis of the waveform _by the CPU

synthesizing mode is ready fo be started. Therefore, the

allocation procedure is executed for the waveform synthesis

by the devices including the CPU 10 in step .-Se13, and the

procedure further goes forward to step Se9. The detail of the

allocation procedure in step Sel3 is not explained here again,

since the procedure is eventually the same as in step Se7. On

‘the other hand, if the “condition” for synthesis of the



according to performance information, conprises input nmeans for providing
performance i nformation, conputerized waveform generator neans operable
based on a given algorithmat a variable operation speed to create a

di gital waveform by successively conputing sanple values of the digital
waveform trial ‘neans for provisionallﬁ“%perating the conputerized waveform
generator to carry out trial creation of a.nodel digital waveformwhile

ot or i ni'ng mEANeaBp B CE 8 ne ORI, ' Benth Pl OF the FEc8mar s e
the comput or | FEHURNEr SR ro 0t BBt arafvett Aiek S % PR ceasi vel y -
comute saml euelics Slaaligd Wod sl ae mna e deern s
T ormati on 86 that the processing relovant %o the event & done by the * O TCe

external sound sour'ée device. The synthesizing using the

specified hardware is done in step Sel5 as in step Se5. After

step Sel3, steps Se9 and step Sel0 are executed. In step Se9,

it is detected whether the allocation command exists to

generate wave data by the CPU. If the command is not

detected, the procedure returns immediateiy. Otherwise, the

waveform is calculated according to the allocation command

to generate sound by the CPU in step Sell.

Thus, in the external sound source select preceding

mode, the synthesizing process complying with the

“condition” for synthesis by the hardware device is executed

by the sound source in step Seb, while the synthesizing

process which does not-comply with the “condition” 1s

executed by the CPU 10 in step Sel0. On the other hand, if

the designated mode is not the sound source preceding select

mode, the process complying with the “condition” for

synthesis by the CPU 10 is executed by the s_oftwa.re module

in step Sel0, while the synthesizing process";_ which does not

comply with the “condition” for synthesis'lﬁfﬁhe CPU is

executed by the hardware sound source device in step Sels.



By the way, if there is detected a possible use of the hardware sound
source device for the waveform synthesizing in step Sa4 in Figure 8, the
procedure branches to step Sa28 in Figure 11. In step Sa28, the flag
*‘DACENBL is switched to "1" to enable the DA converter 23 to output the
sound. In step Sa29, any termnation c@%and for the sound synthesizing
programis detected. If the term nation of the sound synthesizing program

i s commanded, +t he synt.hesi zi .program,f i ni shes ~clearing t;he flag SETFLG
to "0" in ste?i@:%ixt %é&ﬂ*ﬁ‘?@g ‘é%%%s?%&%ﬁg%r WRES ﬁftl{ehe

term nation of ttgle sqund synt hesi zi r}g Eﬂogram I S, not comma dﬁd’ t he
oper ati ng nodfYHESHEEE PIARLTHEXKCERAS §0¢ T OCEFRN S POV @f)ﬁ flesi zi ng node
or not in step-Sa32, if th§ detection result of step Sa29 is negative. Wen
the sound sourardwore spscified indéhe pound: souree synthesiziogimods; thence of
the hardware required for the specified node is detected in step Sa33. This
node is speciéxeaedipgnpatie of dbegprocess isi exequtednbydilee €RkEck in step Sal.
If the rel evant hardware exists, the synthesizing procedure is executed by
the rel evant dymthesizingnsede, SadhatGthsrpossiblé be syarthesize he rel evant
hardware is issued.in step Sa35, and the synthesizing process

plurality of voices more than the full number of voices which

can be simultaneously réproduced in the hardware without
enhancing hardware setup. In general, Wheﬁ the input device
such as the I/O 14 provides pérforma,nce information effective
to command concurrent genéra,tion of a plu_fality of musical
sounds, the inventive apparatus designates one of the first
waveform generator and the second waveform generator
according to a number of concurrent musicéx-l sounds specified
by the performance information such that the designated one
has a capacity sufficient to create a number of waveforms
corresponding to the number of the musical sounds. When
the number of the concurrent musical sounds exceeds a
capacity of either of the first waveform generator and the
second waveform generator, bofh of the ﬁrsi: waveform
generator and the second waveform generatci)'r__ are designated
to énsure complete generation of the concurifent musical
sounds. |

The timer process will be described heiéunder. The

timer process is an interrupt process executed at a



ts continued using the current hardware setup, if the rel evant 46

har dwar e does not exist. After steps Sa34 and Sa35, the procedure returns.
The synt hesi zing processing with the selected hardware will be descri bed
lTater. The waveform | oadi ng process executed in step Sa2 (Figure 8) will be
descri bed hereunder with reference to ®0gure 12. In the waveform | oadi ng
process, it is detected whether a M D sanple dunp conmand is received

LS A i, e SR SRR °
ecel ving. pr G descahaeR RIOTa I IEHEE Lhis AIONCBATHIluStSHRGnsf or r od
AL TR RLIER S DR TNk
Compl ot ed, t BURYet 3%, mhichemésis that the connting up of the tmer
is enabled. If this detection results in negative, the procedure
skips to Sf3. Otherwise, the routine goes forward to step Sf2,
where the register TCOUNT is incremented by “1” if the
detection result is positive. In step Sf3, other miscellaneous
timer processes are executed to finish the timer routine.
Thus, the timer process increments the register TCOUNT by
“1” if the flag BUSY is “1”. The flag BUSY switches to “1”
only in the loop of sﬁeps 9a9 to Sall so that thé content of
the register TCOUNT indicates the invdca.tion cycles of the
timer process within the f,ime.required for the computation or
reading of one waveform. The lapse time can be derived by
multiplying TCOUNT by Tt. |
In the arrangement shown in Figure 1, all the optional
devices such as the co-processor 17, DSP 21 and external
'sound source 22 are fully installed. Thus, in this
 arrangement, all the operatiﬁg modes can be designated with
respect to the synthesizing mode and the allocation mode. If
the operating mode is set to the sound soﬁrc;:e select mode at

first priority, a part of the process exceeding the processing

power of the external sound source is allocated to the CPU,



fresults in "Yes", and the procedure returns. On the .other hand, if the -
check of step Sbl results in "No", it is checked if the wave data is
transferred vi.a the interface I/F in step Sb4. If the wave data is
Teceived, the received data is transferred to the area WAVE in the RAM 13
or 20 in steps Sb2 and Sh3, as in the agdse of the M D sanple dunp. If both

the steps Sbl and Sb4 result in "No", an access reading event .for the
storage unit 15, to read ou dat a 47 fromthe
storage unit agd &g‘gﬁé&&’@&“ﬁ% PB‘B%GSSI §o tt &&‘%&F@l ﬁ%‘t‘nﬂssued t he
waveformload| ng S termn E(‘bﬁ diately and thg ﬁrocedure returnps, since
there is no nﬁa@b%tgep@r%e mitakionypk the rxternal soupsht

~occurs, the data read out fromthe storage unit 15 is checked in step Shé6.
Further, in sS@@r@device, andeaniduariembaes e besgenenated: aFusther; wave
data or not. If the read out data is not the wave data, the waveform

| oadi ng i s tevarioasetimbresican dve gendrated plse il the C@Urseiecﬁmodet here is

no nore job to do.
given first priority. Since the sampling frequency fs is a,lwa,ys
set to the optimum value at .step Sa2l, the quality of the
generated sound can be maintained high.

In the embodiment described above, the optional devices |
are fully installed as shown in Figure 1. However, the
hardware setup of the personal computer or the electronic
musical instrument varies depending oﬁ which optional device
is installed. The a,va,ila.ble' operating mode of the musical
sound synthesizing program is different depending on the
hardware setup. The operations of the musical sound
synthesizing program in other hardware arrangements which -
are different from that in Figure 1 will be described
hereunder. |

The hardware setup shown in Figure Zl_lacks all the
'optiOna,l devices including the co-processor 17, DSP 21, and
LSI sound source 22. Of coilrse, the sound source synthesis

 mode is not available in this setup, because the detection in
step Sa4 (Figure 8) becomes_-“Yes” , and oniy;the CPU
sﬁthesizing mode can be utilized. Howev'ei*, if the processing

power of the CPU 10 is not very high enouéh_, the real-time



& herw se,

if the wave data is read out,

the area WAVE in the RAM 13 or 20. The data transfer in step Sh8 is

repeated unti l

the wave data is transferred to

the end of the data transfer is detected in step Sh9. Wen

the data transfer is conpleted, the check of step Sb9 results in "Yes" and
the procedure returns. Thus, in the wave? orm | oadi ng, the wave data to be

used in the waveform nenory readout node is received or read out.

Then,

t he

. dout mode | out .
Computat | on v ecaathaeiueafiodh i minieeiie, Hacktalb SLABR | no-uavet orm

menory readout,_node accor.dj ng 4t |.pl e al gorit | rder_to synthesize
t he a%:/t ual \/\/aE\;gTR)If%eSFﬂr (}rdid@‘ﬁdt @%;ﬁgﬁﬁ@qqﬁ@%&&gdda ﬁwso&beaei n the RAM
13 or 20 by the sqund source 22, the.l oaded b%grc wave data m ght be
transferred a4 eoa»[ﬁgu mmﬂ&%tﬁez&av By dgempmheeadou sound

In a(ygonvent i onal _nusi cal sound generator having a specific

source 22.

har dwar e soun#

&is onlynavailableain theuo® U synthesizing modes.

The hardware setup shown in Figure 22 has only the
co-processor 17 as an optional device. In this setup, the
hardware sound source synthesis mode is not affordable,
because the detection in step Sa4 (Figure 8) becomes “Yes”.
The CPU synthesizing mode is only available. However, all
the CPU synthesizing modes are possible, because high speed
real time arithmetic opera,ti_(jns are possible by the
co-processor 17. The actual waveform calculation (step Sa9),
as well as the trial waveform calculation (step Sal5), is
executed by both of the CPU 10 and the co-processor 17 in
this setup, since the co-processor 17 is available.

The ha.rdwé.re setup shév;}n in Figure 23 includes the
co-processor 17 and the DSP 21 as optional devices. The
purpose of the DSP 21 is t§ ensure high speed calculation of
the wave data. If the DSP 21 is treated as the external sound
source, the sound source synthesis mode is available by means
of the DSP on the second invocation of the synthesizing |
program or thereafter, since the detection iﬁ step Sad (Figure
8) becomes “No”. However, the purpose of the DSP 21 is to

facilitate data calculation, so that the wave data is not



source nust have a tenporary waveformmenory to receive the | oaded wave
data. The CPU nust execute the wave data transfer fromthe RAMto the

wavef orm nmenory. However, in the present enbodi nent, the basic wave data is
'l oaded to RAM 13 or 20 under the contraol  of the CPU 10. Therefore, it is
not necessary to provide the terrporarysﬁermry to hold the wave data in the
hardware. Further, it is not necessary to execute re-loading process in

SE‘VFL‘J “?P'e‘)?%e‘iﬁer%é& eath ﬁﬁ%ghﬁ%efﬂow rré%ﬁbw&%e@ﬁe%?ﬁ@@%cﬂﬁg d?fﬁée
Sound can be BHRABRALY ega?a%ﬁg ﬁ‘éf‘%eﬁiwﬁﬁcﬁgm&%@i SRR a i
13" n step 9B d?ﬁ%agp@l%is% fas rpodecndahencoh modehPdiossor 17
exists. In the precﬁgt enbo r‘r&ntgnt he co-processor /17 is, install ed.

However, thi 90068 Iﬂl@pt S.B'Wﬁheséélﬂga iis aveakabler dwar e set up.

If the CPU 10 accommodates an arithnetic operation unit equivalent to the
co- processor depending oncthe alladatiore mode: ICheswave datst cabaplakEh 1t is
p055|ble to regard the systemas if the

is possible, but the waveform memory readout mode is not

available since th’e DMAC 19 and RAM 20 are deleted. It is

possible to utilize only the FM modé, harmonics synthesizing |
modé, and physical rriodel synthesizing mode, where the
real-time high speed wave data calculation is executed. The
actua.-_l waveform calculation (step Sa8), as well as the trial
waveform calculation (step Sal5), is executed by both of the
CPU 10 and the co-processor 17 in this setup.

The hardware setup shown in Figure 24 includes only the
LSI sound source 22 as an optional device. In this setup, the
sound source sy’n_thesis mode is available on the second
invocation of the synthesizing program or thereafter, since
the detection in step Sad (Figure 8) becomes “No”. Further,
the CPU synthesizing mode is available depending on the
allocation mode. However, there may be a situation in which
the waveform memory readoﬁt mode cannot be utilized, since
DMAC 19 and RAM 20 are missing. Further, if the
processing power of the CPU 10 is not very high enough, the

real-time wave data calculation is impossible since the



.Co-processor is installed. If the co-processor 17 is detected, 49 the
sanpl e value calculation is done with the CPU 10 as well as the
co-processor 17 in step Sc2. OGherwi se, the sanple value calculation is
"carried out only with the CPU 10 in step Sc3, if there is no co-processor
17. After step Sc2 or Sc3,. the procedur® returns. The sanple val ue
calculation is the sane in steps Sc2 and Sc3, except that the co-processor

17 is used or t f e, val:ue gl ation is
oxpl ai ned i 1FOTEOSERSE 1R TThyl; thefe 385 Ko frsiBaf ")) " 15
tested whet hey ;& rgen ratihng.mode isyset 1q the F de anong the
various CPU svmaﬁs@ith& ?ﬁ@gsﬁfrh‘%ﬂ?e‘nﬁm%s p,geg%qt & @g?%f sanpl e

val ues corresponding to nu r. of .chapnel s are. cal cul ated at one sanpling
poi nt according t g @%ﬁgaé@eﬂtn&'l ¢ s¥plaingd Desqundes, exanpl e, | f
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percussive tones such as a. fhy_thm or drum instrument by the

wave data computation aécordjng to FM mode or harmonics
synthesizing method. Thus, if the LSI soun':d source 22 is
installed and this sound sourée 22 ca,lcula,'teé?the wave data of |
the musical sound by the pure calculating fnethod such as
FM mode other than the waveform memory readout mode, it
is not adequate to réproduce the sound by the LSI sound
sourcé 22. Furthér, it is not necessary to calculate the wave
data by the arithmetic calculating mode othér than the
waveform memory readout mode by the CPU 10, if this sort
of the LSI sound source 22 is installed. Further, the CPU 10
should execute jobs other than the waveform synthesizing, so
that a system load required for the execution of the waveform
synthesizing program should be reduced as much as possible,
especially in case that the processing power:z of the CPU 10 is
not ]:ﬁgh. Thus, in this situation, it is cOnve'_i_;l-ient-tha,t the
CPU 10 generates the percussive wave data ;:i:insuita.ble for the
LSI sound source 22 by the waveform m_emo_i'}'fy readout mode,
while the LSI sound source 22 genera.tes. théifi;iwa,ve data for

other timbres. Thus, the computation load can be reduced



galculated. In this case, the load of the CPU 10 is high, since various

voi ces having various pitches may be concurrently created. Even worse,

ot her processing such as graphics processing nay be done in parallel. If
the FM node is not detected.in step Sd1, it is detected whether the current
operating node is set to the waveform méBory readout node anong the CPU
synt hesi zi ng- nodes in step Sd3. |f the waveform nenory readout node is

detected h : t 5 I | [ egof [ [
a?eelfeid out effp‘g‘rﬁjf%g’ﬂiyvapogﬁ%ﬁgﬁéﬁﬁfﬁﬁﬁé&r SN2 SheR B0t JETe ' 10 PP LT
sanpl es r i hesi zi i red Qi

ThiS data roadOnsyAHRENAE ALY SYATLAPE TA5 VLT 08 SUAGPOME Ry 10, bur
by the DMAC 19. The wave. dat ggs b;le I(%aged to the afea WAVE in, the RAM
13 or 20, or praR PesHabilitystSheqau IF.Ylé’ §4pIq 'u-‘t:?fie &8t Renory

readout node is not detected in step Sd3, it is detected whether the
current oper attnagntained bighastmuah The purpose of the second

embodiment is directed to the very point. The second
embodiment assumes that the sound source 22 is installed as
shown in Figure 1 or 24. With respect tothé waveform
‘synthesizing program, the synthesizing process using the
selected hardware (Figures 15 and 16) is replaced with the
process shown in Figure 18.. More particularly, the
synthesizing process ﬁsing the selected hardware in step Sa34
(Figure 11) is substituted for the process shown in Figure 18.
The substituted process will be described hereunder, while
omitting the expla,ﬁation of the other processes for avoiding
duplicated description.

In f.his second embodiment, upon advancing forward to
step Sa34, the program runs to execute the synthesizing
process using the selected hardware as shown in Figure 18. In
step Sgl, the event detection is carried out as in step Sel. In
step Sg2, system check for voice allocatioﬁ is executed. More
particularly, a device to handie the synthggis is determined
for each voice (timbre) out of the CPU a.nd the LSI sound
source.  The Criteria for this allocation W111 j)e described

hereunder. Generally, the sound source has unique



:harnoni cs synt hesi zi ng node anong the various CPU synthesi zing nodes in
step Sd5. If the harnonics synthesizing node is detected, a set of sanple
val ues required for one sanpling process are cal culated by the CPU 10
raccording to the harnonics synthesizing method in step Sd6. In pol yphonic
node, a nunber of sanples required for §ynthesizing a desired nunber of

voi ces are calculated wth the harnonics synthesizing nethod. In this case,

the | oad of t CPU. ' ' L.ne ' i.ces shawi ' itch

my be-cr oat SHoRRLPRePE PYRTEDIE bREBES o Bk el BRQIAR AR T T S0°°
(O Il el I m | the situati FM oode. Lf: th
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whet her th ti de is set to.ih ' d

Syt hesi 2i mo SoHBPIRRIRR haVIe CORIARHDE e Hdiof Hie thnbresuias of st cp

Sd7. 1f the physical mdel synthesizing npde is detected, sanples required
for one sanpltheypsscussivedones in advance, in order to discriminate

between the tones to be handled by the CPU 10 in case that
the timbre code detected for the relevant event is found in the
table, and the other tones. to be handled by the LSI sound
source 22. However in the present embodiment, the allocation .
criteria may not be limited to the timbre code. It is possible
to setup timbre handling means under the manﬁal mode, in
such a manner that a certain timbre is to be handled by the
CPU, and another timbre is to be handled by the sound
source. Each tone can also be allocated depending upon the
number of the channels which can be used for simultaneous
synthesizing. Further, under a compﬁlsory mode, each tone
can be allocated forcibly by other running pyo'grams.

For the tones allocated to the LSI sound source, vacant
channels are created by the voice allocation process in step
Sg3 as in step Se4 (Figure 15). In step Sg4, the waveform
relevant to the key-on event is synthesized through the vacant
channels. The synthesizing method for this operation is not
limited to the FM mode, the harmonics synthesizing mode or
the physical inodeling mode, but it is possible to use, for
example, PCM mode to read out the wave data from the



cal cul ated by the CPU 10 according to the physical nodel synthesizing
nmethod in step Sd8. I n pol yphonic node, a nunber of sanples required for
synt hesi zi ng a desired nunber of voices are calculated with the physi cal
'model synt hesi zing nethod. If the physical nodel synthesizing node is not
detected in step Sd7, the current operéﬂing node is out of the present
enbodi nent, so that the warning for the wong node setting is executed in

step Sd9 as t S r , . or Sd9,
t he procedur %’Jé’%*ﬁ’:rr@,&a%gﬁﬁg’%t‘ﬁ%ﬁ%‘ﬁnﬁhﬁ’gﬁéﬁé céa%%écréﬂgﬁlrc g,d[g) S
executed. As for. for eqyal al hon wih fshe CPU 10 and
t he co-proces@bé 1’&%%4@3?88& %&Fﬁ%e g?e;ﬁgc e%ﬁbg%mmog @Pﬁ%wn in Figure
14 is executed w th coperation,,of U dt CO- processor 17 so
that the cal cgp\gﬁqﬁga‘ﬁﬂg@g‘?‘i &R %@m &g@ffgﬁyngﬁ@agf i | ed expl anati on
for the operatj,on j.s omtted here,, since the procedure is basically the
sane as the caa]h%%"l” PRORTOFFQUES 1§ Honepn oTdeEs 1o GeReRatRzRRf or m sanpl e val ue
calculation in_step Sal5, the nost influential procegsing on the quality of
the synt hesi cakea cemyppndeto genesate wavs date mitmsx}httﬁetémi ng modes.

In the FM harnoni cs synthesizing, or _
detected event in step Sgb as in step Se7 (Figure 15). If the

allocation command is available, the detection in step Sgb
results in “Yes”, and the synthesizing calculation in step Sg7
is executed to generate a waveform relevant to the allocation
command. The synthesis of the waveform is effected by the
waveform memory readout mode in order to reduce the load
for the CPU as described before. On the other hand, when
the allocation command is not available, the ldetection in step
Sgb results in “No”, and the procedure returns.

In this second embodiment, musical sounds ca,n-. be
allocated selectiveiy to the CPU and the sound source
according to their timbres so that the optimui distribution
of the processing load for thé CPU and the sound source is
possible, and the various timbres can be generated while
retaining the quality of the reproduced sounds. For summa,ry,
the input device provides perforrﬁance information which

- contains timbre information effective to spec;ify a timbre of
the musical sound and timing informa,tioﬁ effective to specify

a timing of generation of the musical sound. One of the first



physi cal nodel synthesizing node, the tinme required for the 52 wave data
cal cul ation, as well as the nunber of voices to be reproduced

- sinultaneously, is the bottle neck of the sound synt hesi zi ng. The wave data
at each sanple point is actually calculated in order to exanmine the
processi ng power. The calculation is reﬁ@atedly done in steps Sal5 to Sal7
for mcycles, and the tinme required for the msanple calculation is

For the. procests heroRtn MAICHRLOE o] ¥k ceBneCiByeRdrnyl BAHEDROT B2 Waver orm
neck ot the soimiERaiad dn E3etbofhEE PIL tnb ARt uftbhatioh i o "poi
St eps Sals to thR ARG BuBBIIRIRE RehORAES e Rri Rl SR ERR D, sample |
requency s ShE Sated: tionbre Abchie SRECIEHBINEne CPU | n St ep Sa2l.
In the first and second embodiments, the synthesizing

process for one tone is executed in the channels provided on

the CPU or in the othef chaﬁnels provided in the sound

source. However, the synthesizing process for a tone can be

executed by both of the CPU and the sound source. In this

arrangement, it is possiblé to use the harmonics synfhesizing

mode in the CPU side, and to use a mode other than the

barmonics synthesizing, e.g., the FM mode in the sound

. source side, so that variational tones can be generated |

because the same tone is synthesized by the different

calculation modes. The purpose of a third embodiment is

directed to the very point. In the third embodiment, the LSI

sound source is assumed to be installed in the system as

shown in Figures 1 and 24. With respect to the waveform

synthesizing program, the synthesizing process using the

selected hardware device '(Figu:res 15 and 16) is replaced with

the pr-oc;esé shown in Figure 19. More particularly, the .

synthesizing process using the selected hardware in step Sa34

(Figure 11) is substituted for the process shown in Figure 19.

The substituted process will be described hereunder, while



The synthesizing by the sel ected hardware, which is executed in the
above-descri bed step Sa34 (Figure 11), is explained hereunder. This

synt hesi zing process is effected unless voices of all the channels are

Synt hesi zed by the CPU synt hesizing node alone. This process is executed to
control the sound source device used fo®9synthesizing the waveform '
according to the allocation node.. First of all in this procedure, event

detection is ' ' sl.en:Sel i Qure 53 .15, The ey.ent includes
a key-on event% %lstgtg%%?ltr? J?%go "s“é‘?ﬁo"fﬁ{e@‘gé’gﬁ T RHOSEREES g‘?’ijﬁﬁﬁl thCIED)IU

I nformation, and.sngl s _of-her events not only associated to the C

synt hesi zi ng ﬁé‘g’ég%cﬁﬁﬁdaﬁ‘énﬁ%i ated to the sound source devi cehm)FIe:
"Upon detecting the kgy-on event, the apparatus ,inifiates the synthesizing
pPocess. I'n s?ep i@zﬁﬁﬁtemgﬁgﬁr&,m& W@ﬂr%@ma@épa&tepg mode

desi gnat es thg ound source synthesizing node or not. |f the detection
result is "No ?Eﬂhé: SYRtReuzme pragearprunsosexecut@ bbew se, the

éynthesizing process using the selected ha,rdwa.re as shown in
Figure 19. In step Shi, the event detection is-carried out as
in steps Sel and Sgl. In step Sh2, system-_ch_écl.{ for voice
allocation is exécuted. More particularly, a device to handle
the synthesis is determined for each voice (tone) out of the
CPU and the LSI sound source. The criterié, for this
allocation may be the timbre code, number of channels
available for simultaneous synthesizing, or the setup

| configured by the manual or compulsory mode, as in the
second embodiment. For the tones allocated to the LSI sound
source, vacant channels are prepared by the voice allocation
process in step Sh3 as in step Se4 (Figure 15) In step Sh4,
the waveform relevant to the note-on event is; s_ynthesized
through the vacant channels. The synthe__éiz_iﬁg_-method for
this operation is not limited to the FM mode or the
harmonics synthesizing method, but it is possible to use, for
example, the physical modeliﬁg mode and the. PCM mode to
read out the wave data from the waveform memory 25
depending upoﬁ the characteristics of the:iﬁgﬁialled sound

source 22. On the other hand, for the tones allocated to the

\



.procedure goes forward to following step Se3, if the detection result is
"Yes". In step Se3, it is tested whether the current synthesizing operation
status of the sound source devices and the performance information
-corresponding to the event conply with a "condition" for synthesis of

wavef orm by the sound source device. |17Q& he present enbodi nent, one
condition is whether the nunber of voices (tinbres) to be synthesized

Si il tancoust ST PhE G U ARYRENARS UEH AR SRACER I AoRECly co “*
current |y bei e tadensEate At alaciting GInSMARELFEFvREL thEBSound sour co
be. used 1 Jﬁeﬁé‘cﬁ%ﬂ&éﬁ&qg%ﬁ%ﬁ 45 6t SBSBaIR BheD G LBIETFR Logondi {1 on’
2t ouch" - spdafprantion:akout the: calclation mathodeis teeludedom thean &

allocation command. The voice allocated to both of the CPU

and the sound source is processed in steps Sh3 and step Sh4

by the LSI sound source, while the same voice is processed in

steps Sh5 by the CPU. These processes are executed in

parallel. If the allocation command is available, the detection

in step Shé résul_ts in “Yes”, and the synthesizing calculation

in step Sh7 is executed to generate a waveform relevant to

the allocation command. Uniike the second embodiment, the

synthesizing calculation is d_one by various modes including

the FM, harmonics synthesizing, physical modeling and so

on. On the other hand, if the allocation command is not

available, the detection in step Sh6 results in “No”, and the

procedure returns.

In the third embodiment, a voice (tone) can be allocated

to both of the CPU and the LSI sound source so that

different wave data can be reproduced for the same tone

actually. Due to this feature, the third embodiment can also

diversify the tones of the system. For sumniary, both of the

first waveform generator and the second waveform generator

are coincidently designated so that the controller device



predeterm ned value. (2) Wiether a value relevant to "tinbre" specified by
the detected event is higher (or lower) than a predeterm ned value. (3)
Whet her a val ue relevant to a nunber ‘of "parts" in the performance
sinformation specified by the detected event is higher (or lower) than a
predeterm ned val ue. (4) Wether a detgtted M DI-CH val ue (nunber of
channel s) relevant to the detected event is higher (or lower) than a

be- gonor al | 2P %a”a%ﬁe‘?ﬁ@f Gt 53%%63@1?%%%%?%@%@5@ P?' Miance

i nformation i s hi her ag J) t han a deter{_:n ned \i.al ue. I S possible
to inpl enent %&¥ edq.er Bh 0 FROUE FECALE, FANG %msegm t if some
unique tinbre is femfled obe .synt h j zed in the FM node or the

har noni cs syrﬁ’ | RPLRATCIQR Argng B8 source device. This

| npl enent at lon will be described | ater I n anot_her enbodl ment. 1f the
"condition" is fubfiqurh emhodisnent willhbe rﬂxlﬂﬁé@@d shereungleuceweni n st ep

Se4 such that a channel to synthesize a voice for_the key-on event is
al | ocat ed outthstughdhiet veicenaldocationt modoimintmdueediénithe which are
currently not used for synthesizing the sound. In step Se5, the sound
generation i sembedineehtssdescribed spleové,i mbremindplmim@éementation is
| possible. An event which can be allocated to a certain sound
source device is simply allocated to the relevant device upon
- the event detection, provided that the device is installed in
the system. The very implementation is provided in this
fourth embodiment.. The fourth embodiment assumes that
the sound source 22 is installed as shown in Figure 1 or 24, as
in the second and third embodiments. With respect to the
waveform synthesizing progré.m, the synthesizing process
using the selected hardware device (Figures 15 and 16) is
replaced with the process shown in Figure 20. More
particularly, the sy_nthésizing process using the selected
hardware device in step Sa.34 (Figure 11) is :.substituted for
‘the process shown in Figure 20. The substituted process will
be described hereunder, Whilé omitting thé explanation of the
other processes for avoiding duplicated des@iption.
In this embodiment, upon advancing féiward to step
Sa34, the synthesizing program runs to exeéil_te the

synthesizing process using the selected hardware as shown in



.hardware, in which the actual synthesizing of the waveformis 55 done
for the issued event in the allocated channel. If the "condition" is not
fulfilled in step Se3, it is tested whether the flag ENBLFLGis "1" or not
“in step Se6. In this stage, the value "1" of the flag ENBLFLG i ndi cates
that the steps Sal3 to Sa25 have been &2ecuted already, and indicates that
the sanpling frequency fs for the CPU synthesizing node is already set up.

Thus, the CPU.synt hgsi zhn de.i 5 avail able. Therefore,. i.f the test result
of step Se6 518 §6bé¢]§g§ﬁﬁl7\/§%éﬁ"e¥% Kaﬁtep%-lé)# F%&%SQF?E? voi ce '
al l ocation prqcedure,to the CPU synthesi zing de is gxecuted in step Se7
so that the u%i@ﬁg)r@peﬁmsmﬁeﬁﬁiwméﬁmsf@ SHo WIERt whi ch' does
not conply wi tﬁl the copdition for synthesizing by the soqund squrce device
is carried owrllogaiipa wrexegrias § Aregtesd vacamt chomnel|ip the L% ocati on

command is issued_to calculate sanple values of the waveformrelevant to
the event i n adind @Geursentnestep Sg?p,athemvdmrm celatamd. to the

detected event is actué.lly_ synthesized using the vacant
channel. The synthesizing metﬁod for this 0pe;‘ation is not
limited to the FM mode or the harmonics synthesizing mode,
but it is possible to use, for example, the physical modeling |
mode and the PCM mode to read out the wave data from the
waveform memory 25 depending upon the characteristics of
the installed sound source 22. After the synthesizing, the
procedure returns. Thus, in the fourth embodiment, an event
which can be allocated to a cértain sound source device is
simply allocated to this device upon the event detection
provided that this device is installed in the system.

Figure 25 shows an additional embodiment of the
inventive musical sound generating apparatus. This
embodiment has basically the same constrﬁétion as the first
embodiment shown in Figure 1. The same components are
denoted by the same references as those of the first
embodiment to facilitate better understanding of the
additional embodiment. The storage unit 15 can store various
data such as waveform data and various progra.ms including

the syst"e_zm control program or basic program, the waveform



-The command i ncl udes desi gnation of conputation node to be executed by the
CPU 10 (any node out of the CPU synthesizing nodes), and designation of the
tinmbre, pitch, touch, volune and channel assignnment. Further, the command
includes note comands such as key-on or key-off. During the allocation
command is valid, the conputation devidds including the CPU 10 execute the
wavef orm synt hesi zi ng. conputati on process in order to generate the 56

50 1 net udecs Rt Brbdfaf By b BBeRRaRlon BRoRraBiiL o T The-
value 0" of “Nesgiai FaeROM 1 Laviay RerBi By Seies s eimics zing
Furn of £ sounHOMEesa it Eiom 3556 PROBEATOIAY Qealbrlohanen & botfeBiast | n
step Se8, to make a, vacant channel, forcibly. Tgia truncati,ng process nmay be
included in O else in the storage unit 15. The loaded program is

transferred to the RAM 13 to enable the CPU 10 to operate
the inventive system of the musical sound generating
apparatus. By such a manner, new or version-up programs
can be readily insf.alled in the system. For this purpose, a
machine-readable media such as a CD-ROM (Compact Disc
Read Only Memory) 51 is utilized to install the program.
The CD—ROM 51 is set into a CD-ROM drive 52 to read out
and download the program from the CD-ROM 51 into the
storage unit 15 through the bus 12. The machine-readable
media may be composed of a magnetic disk or an optical disk
other than the CD-ROM 51.

A communication interface 53 is connected to an
external server computer 54 through a communication
network 55 such as LAN (Lépal Area Network), public
telephone network and INTERNET. If the storage unit 15
does not reserve needed data or program, the communication
interface 53 is activated to receive the data or program from
the server computer 54. The CPU 10 transmits a request to
the server computer 54 thorough the interface 53 and the

network 55. In response to the request, the server computer



.the allocation process executed in step Se4. In step Se4, the rel evant
event is allocated to the vacant channel nade by the forcible note-off, and
t he synthesi zing of the waveformrelevant to the event is carried out by
-the all ocated channel in step Se4. If nmultiple sound source devices are
installed to the system channels of thmt different sound source devices may
be allocated to synthesize a single tinbre. By the way, if the sound source

e the CPU sciLeraprRutRihg TRMESErd dabanar HOGTaUe tortuhAEpaTRE e
synt hesi zing npde is set tqgether with the sound squrce synthesizing node.
Thus, the pr ciEhemr@nsmwéﬂgﬁa@ oT YFogFA jip atpge;i énitthe hardndisksotp Sel |,
it is tested whether the current state of the CPU synthesizi ng node and the
per f or mance itlfeostonagenunit d%ato therebye dosspletectlendovomoading. 57 with the
"condition" for synthesizing by the devices including the CPU. Various
factors may be cdFheiivadniive heusicahdotindngenerating apparatus can be
| implemented by a personél computer which is installed with
the needed data and programs. In such a 'ca,:s_e, the data and
progréms are provided to the user by means of the
machine-readable media such as the CD-ROM 51 or a floppy
_disk. The machine-readable media contains instructions for
causing the personal computer'to perform the inventive
musical sound generating method as described in conjunction
with the previous embodiments. Otherwise, the personal
computer may receive the data and programs through the
communication network 55.
In the embodiments described above, thé optional
devices including the co-processor 17, DSP 21, sound source
22 are referred to as exemples, but the optional device is not
limited to these devices. The pfesent invention can be
utilized in the application systems such as personal computer,
eléctronjc musical instrument, game machine and so on in
which'the musical sound is generated.
As shown in the foiegoing, according to li;he present
invention, various effects can be derived. It is:;ﬂ':possible to

generaté various musical sounds and to reduce a processing



.for synthesis by CPU as in the case of the "condition" for synthesis by the
sound source device (step Se3). In this enbodinent, the condition is

whet her a nunber of voices (tinbres) to be synthesized currently is within
=~a maxi mum nunber of voices which can be synthesized sinultaneously with the
CPU synt hesi zing node. More particular?y, in step Sell, it is tested

whet her the nunber of channels (CH currently being held.in note-on status

and being all tedfor computiat i ony V|ce i_nc in CPU is |ess
t han or equal18 M@f&?&s%n Jr?éjr smﬁgﬁu be used for

si mul t aneous synthesi z of the,wavef orns,. nt he5|2| node. |f
the "condi t i SRUB JQ ﬁe?&e@&r%t?d-v%vaﬁ ?@et%t ﬁssﬁﬁageﬁﬂvg Gis "1
or not in st Sel 2, As descr d above, of the flag ENBLFLG
here indi cat zﬁetmﬁg%a@yntﬂﬁgﬁg %PPW%V %ﬂ&ﬁ vre fepy synt hesi zi ng

node is ready to be stajted. Therefore, the allocatign procedure is

execut ed for gemerabing she wowe idatisso ﬁyhﬂmwlomm tanlidgy the CPU 10 in
step Sel3, and the procedure further goes forward to step Se9. The detail
of the all ocasignifiqanitysimplified: &hsepmlity obthexgémenadddhmusieahi n, since

the procedure is eventually the sane as in step Se7. On
sound can be retained even in low performance hardware.
The musical sound can be generated according to the

performance information even if the volume of the

performance information becomes large.



,the other hand, if the "condition" for synthesis of the 58 wavef or m by

CPU i spr@t hyd kN step Sell, or the devices including the CPU 10 are

notrmmmmg&mg&mp the allocation procedure is executed in step Sel4d
e O Llat the processing relevant to the event is done by the

ext ernal sound source device. The synt Aési zi ng using the specified hardware

Is.done in step Sel5 as in step Se5. After step Sel.3,

commnd e, ot ARt i AAE

*as i n*step

detected, th

in step Sel O
synt hesi zi ng
har dwar e devi
synt hesi zi ng

.ce

Eigdag& it is detected whether the all ocation
l

waye
perfioimeé(ggg %Efdor?r{atmn, comprising:

first waveform generator means operable for creating a
Wa,;reform;

second waveform generator means operable
independently from the first waveform generator means for
ci'eating a waveform;

input means. for. providing performance information;

designating means for designating at least one of the first
waveform generator means and the second waveform
generator means in correspondence with the provided
performance information; | |

 controller means for selectively operating the designated
one of the first waveform generator means and the second
waveform generator means to create the waveform according
to the provided performance information; aﬁd
* output means for generating the musicé,l sound based on

the created waveform.
2. A musical sound generating apparatus according to
claim 1, wherein the input means compriées;mea.ns for
providing performance information which cdﬁtains timbre

information effective to specify a timbre of the musical sound

steps Se9 and step

Ve data by the CPU. |If the command is not
procedure returns imedi ately. Ot herw se, the waveformis

cal cul at ed advor di iy TrsieR) Satind BorcratiDe,anparatus et STESLHENG by the CPU
Thu%’g in the external sound source sel,ect precedi ng node,

M dshBenerRtaa musieal sgrad a¢sordiBg tnt hesis by the

t.he sound source in step Se5, while the



~process V\/m ch does not ‘conply with the "condition" i-s executed by the CPU
10 1 uﬂwmm ,ﬁg he other hand, if the designated node is not the sound
sour- m l ct node, the process conplying with the ' ‘condi tion”
-for synthesﬁs"byst he CPU 10 is executed by the software nodule in step

Sel O while the synthesizing process wHi’ch does not conply with the
“condition" for synt hesis by the CPU is executed by the hardware sound

sour ce devi c @@ﬁ?ﬁrm&h&ﬂ é@é&wé Qoﬁ?ﬁy‘%‘hmg%fng t he sel ected

hardware, if e syn SI'ZINg Process éxcee procgs ng power gf t he
h i ,
part of the ORIt I HRE e %Y%ﬁﬁn@é g ﬁé@%&-‘%ﬁ?&%@f DAY 0Ehar 1t s

possible to s nthe5|zea |uralit oi ce m)reth full nunber of
Voi ces whi ch SRS Fot G SIERANE e, OF ReBEe i { hout

enhanci ng har dwar setup In general , v&é&the I nput devi ce such as the I/0
14 provi des p¥a¥ EeneTRé pﬁéﬂﬁ@ﬁseﬁﬂ jeygecond waverorm

generator means in correspondence with the timbre

information so that the output means generates the musical
sound having the specified timber at the specified timing.

3. A musical sound generating apparatus according to
claim 1, wherein the designating means includes means
operable if desired for coincidently designating both of the
first waveform generator means and the second waveform
generator means so that the controller means opera,tes both
of the first waveform generatdf means and the second
waveform generator means to concurrently create waveforms
in parallel manner.

4, A musical sound generating apparatus according to
claim 1, wherein the input means comprises means for
providing performance information effective to command
concurrent generation of a plurality of musical sounds, and
wherein the designating means comprises means for
designating one of the first waveform generafof means and
the second waveform generator means a.ccorﬂ.i‘ng to a number
of concurrent musical sounds specified by thé performance

information such that the deéigné,ted one has a capacity



-to corrmand concurrent generation of a plurality of mnusical sounds, the
mveﬂumﬁ\uﬂmmm ﬂm signates one of the first waveform generator and the
seco “ Etor according to a nunber of concurrent nusical

- sounds” sffectfi*®d by *t he performance information such that the designated

one has a capacity sufficient to creat®a number of waveforns corresponding
to the nunber of the nusical sounds. \Wen the nunber of the concurrent

Tnd the secotEIEER R RreARP Gttt WaiveRlrbed i b ol Bl 2ot or e

t he second form ene Qr_are desi ted to ensure conpl ete generation
of the conc\l,ﬁ%g f%g‘ a% ‘&“ﬁ% process will be described
hereunder. The tingr pracess is an int LIup rocess executed at a 60
pr edet er m ned-i nt auuﬁtt:aﬁgﬁa EPRETGHAE AR ASHILBES Or ogr am
descri bed beff Figure 17|5£flowchart i1lustrating

aim 4, wherein the designating means urth er compnses

means operative when the number of the co_n_gurrent musical
sounds exceeds a capaéity‘ of either of the ﬁrét waveform
generator means and the second waveform generator means
for designating both of the first Wa,vefofm geﬁerator means
and the sécond waveform generator means to__; ensure complete
.generation of the concurrent musical sounds. |

6. A musical sound generating apparatus ._a,ccording to
claim 1, wherein the first waveform generator means
comprises an external waveform generator optionally
connectable to the controller means while the second
waveform generator means comprises an internal waveform
generator integrated with the controller means so that the
designating means designates the internal waveform generator
in place of the external waveform generator when the same is
not connected to the controller means even though the
external waveform generator should primarily correspond to
the provided performance information.

7. A musical sound generating apparatus i':é,ccording to
claim 1, wherein the second waveform geﬁer'a@br means, the |

input means, the designating means and the .c-ontroller means



.the ting.nroc ail. In step Sf1, it is tested if the flag BUSY is
B m”ﬁw e counting up of the tiner is enabled. If this
detecti : ative, the procedure skips to Sf3. Ot herw se, the
*routine goes forward to step Sf2, where the register TCOUNT is increnented
by "1" if the detection result is posit/®ve. In step Sf3, other

m scel | aneous tinmer processes are executed to finish the tinmer routine.

Thus, the ti oce hNCE nts the register., TOOUNT by "1" if the flag
BUSY is "1". FeiqieRiSEeR R Earl ottier (O cBRBtithle 3 LB St eps a0 to
Sall so that the contient of the regist.er NT 1 ndi cates the i,nvocation
" cycl es of thecqmmsegr BsCOTRNYeR, Fﬂf&ﬁ? itL\?C%JEﬂuW@é’@%?HP gereraut at i on or

readi ng of- one waveform The | apse tine can be derived py _ multiplying
TCOUNT by Tt .I€3ns omgﬁgétmge%nowppfemcgm parh|whigh:1%pt i onal
devi ces such as the co-processor 17, DSP 21 and external sound source 22
are fully i nsseparage frons thermainspartr andewhich isioptibaabyer ati ng nodes can
be designated with respect to the synthesizing node and the allocation
nmodeé. |f the imsbéaHable indthe congmitero t he sound source sel ect node at first
priority, a part of the process exceedi ng the processing

: 8. A musical sound generating apparatus according to

claim 1, wherein the first waveform generator means is
cqmposed of a hardware module driven by the controller
means, while the second waveform generator means is
composed. of a software module installable in the controller
means. |

9. A musical sound generating apparatus according to
claim 1, wherein the second waveform generator means
comprises a plurality of digital waveform. generators which are
operable based on different algorithms to arithmetically
create digital waveforms hé,ving different qualities, and
wherein the controller means comprises means for selectively
operating an optimal one of the digital waveform generators
according to the provided performance infdrmé,tion.

10. A musical sound generating apparatus according to
claim 9, wherein the second waveform generator means
includes a digital waveform generator of a waveform memory
type operable based on a relatively simple é.lgorithm to create

a digital waveform having a relatively low quality, and



-power of—the-external sound source is allocated to the CPU, - 61 and the

CPU handl es theiRbRGRaS P 't hat the nusical sound can be generated beyond
t he Ilmt‘gmnﬂmamnﬂﬂamgr nal sound source device, and various tinbres can.
~be generated.c Furters -various tinbres can be generated also in the CPU

sel ect node given first priority. Si ncéf he sanmpling frequency fs is always

set to the optinumvalue at step Sa2l, the quality of the generated sound

can be nai nt aj ' : i ' L , e optional
devices are fu %&nggglt%y%@megﬁ%%ﬁ§éeﬁ%§§€%ﬁ,04 e hgr dwar e
setup of the r sonal ter eorqthe. electroni ¢ nmusigal ijpstrument varies
depelrcl)di ng on ﬁ?’@%egbtcﬁgﬂnﬁﬁcgt%&@égpytﬁﬁg&& F’é%?.c’“%ﬁ‘i%oﬂ%"a‘? fié%‘l%@f operating
node of the nusical sqund synt hesj.zi rogram.i s different dependi ng on
the har dvvare@@Yﬁ%rmﬂ%a“ﬂgétﬁ’ﬁﬂé‘vﬁrythagﬁ%ﬁg% - sound synt hegi zi ngg
programin other hardware, %irange nts which are different fromthat in
Figure 1 willlbe ded: inpsical sound generating apparatus according to

claim 1, wherein the second waveform generator means
‘comprises a computerized waveform generator operable
according to a given algorithm at a va.ria,blé operation speed
to create a digital waveform by successively computing sample .
values of the digital waveform, and whereih the controller
means comprises means for provisionally dpera,ting the
computerized waveform generator to carry out trial creation
of a model digital waveform while measuring the operation
speed at which the trial cfea.tion is carried out, determining
means for optimally deterxhining a sampling frequency
comparable to the measured operation speed, and means for
actually operating the computerized waveform generator to
enable the same to successivély compute sample values of an
actual digital waveform at the determined .s-é,mpling frequency
according to the provided performance information.

12. A musical sound genera.ﬁng apparatus according to
claim 11, wherein the determining means cbmprises means for .
'ﬁxing the sampling frequency to one of stepwise
predetermined levels, which is lower than and closest to the

measured operation speed.



-hereunder ~The hardware setup shown in Figure 21 |acks all .the optional

' deV|ce “HIB“HEH“QH“EE“ﬁO processor 17, DSP 21, and LSI sound source 22. O
cour se, e synthesis mode i s not avallable in this setup,

- because ‘theé det €tti’on’in step Sa4 (Figure 8) becones "Yes", and only the

CPU synt hesi zi ng node can be utilized. 8However, if the processi ng power of
the CPU 10 is not very high enough, the real-ti me . 62 wave data

ot inetall ed S mhust: PReREehEdiRd B Ee R bR SRR ARG o m memory
oo Shown oL MErRR' Bl SoA G LR R LR SRR ol
af f or dabl o, SUGREIBELeo, GRETAAVE P BEB s E GRed gprialBes ~ves'. The
CPU synt hesi ?r&fi’ugx?%? fgﬁs%elowa\é,aérlﬂ?i%laf lewlr_blWe 1ch 1s|(ieﬁned to ensure

a minimal quality of the digital waveform er‘ changing the

algorithm to raise the operation speed.of the computerized

waveform generator so that the sampling ffg_(iuency can be

redetermined to exceed the critical level.

14. A musical sound generating apparatus according to

claim 13, wherein the changing means comprises means for

changing the algorithm from a complicated one to a

simplified one such that the computerized waveform

generator operates based on the simplified one of the

algorithm to successively read out prestored ones of sample

values to reproductively create the digital waveform.

15. A musical sound generating apparatus according to

claim 14, wherein the computerized waveform generator

successively reads out prestored ones of sample values which

are provisionally computed according to the complicated

algorithm before the same is changed to the' siimp]iﬁed

algorithm.

16. A sound generating apparatus for creating a digital

waveform to generate a musical sound according to

performance information, comprising;:



.the CPU_synt hesizi-ag nodes are possi bl e, becaus.e hi gh speed real tine

arithmetic” operatio possi bl e by the co-processor 17. The act ual
wavef or mm‘\i‘m m&‘m@m@ Sa9), as well as the trial waveform cal cul ation
“(step SalbRRRSERX sed +0y both of the CPU 10 and the co-processor 17 in

this setup, since the co-processor 17 B¢ avail able. The hardware setup
shown in Figure 23 includes the co-processor 17 and the DSP 21 as opti onal

devi ces. The pur of 1 P J 0, e .high .cal.cul ation of
t he wave dat a. Iﬁﬁf)ﬁ%; Mlgispf&gﬁﬁgg %&E’gg’a@g{%m@%é%ﬂ% 'source, the
sound source synthesis,nodeyis_avail able br#rreans of the P.on e&ﬂe second
I nvocati on of th&OQRPﬁ%%‘?Qﬂn‘é’aﬁ?ﬁb‘ﬂﬁrﬁﬁe 8F 49FPBF ORSL etbﬂés tection
in step Sad4 (Figure 8 ecopes "No". However, the purpo of the DSP 21 is
to facilitat OTid EIVER algORAM 2k VRRIaRIEODERAIOhSpeed Hocreates
gener ated by ,heq\i/avef O{m r‘r&gyory reacjo‘g{M met hod,, but is_generated by the
various pur e @8itanvavelorsadyy sUcRessv computing sample values of

the digital waveform;

trial means for provisionally operating the computerized
waveform generator to carry out trial creafiqn of a model
digital waveform while measuring the operation speed at
which the trial creation is carried out;

determining means for optimé,liy determining a sampling
frequency comparable to the measured operation speed;

controller means for actually operating the computerized
waveform genera,ﬁor to enable the same to successively
compute sample values of an a,ctﬁa.l digital waveform at the
determined sampling frequency; and

output means for generating the musical sound based on
the actual digital waveform according to the provided
performance information. = |
17. | A musical sound generating method of creating a
waveform to generate a musical sound according to .
performance information, comprising the steps of:

preparing a first waveform génerator operable for
creating a Wa,Veform;.

preparing a second waveform generator operable



-node, ‘harnoni.cs. synthesis node and physical nodeling node. Further, the CPU
synt eWEE [INoNePeE gy avai | abl e depending on the allocation node. The wave
datammnmnglwmmmosm bl e, but the waveform nmenory readout node is not
~avai 1'abl.& . st nce -the~DMAC 19 and RAM 20 are deleted. It is possible to

utilize only the FM node, harnonics syfthesizi ng node, and physical nodel
synt hesi zi ng node, where the real-tinme high speed wave data calculation is

execut ed. The_act ual eform cal cul ation £(step Sa8 as wel | the trial -
wavef or m cal ¢8 e&ﬁie\éﬁ:&ﬁﬁgﬁ?cﬁl@ eW@Xﬁf(g@tgﬁ%) OBEOFF%'G@&%%O and the
co-processor 17 in his setup. The hardware setup shown in Figure 24
i ncl udes onl y'*f"f?éfqggﬁrbound source 22 as an optional device. In this setup,
t he sound source synthesis rTEde_ i s avai ] abl e ,on the second invocation of
t he synt hesi zi ng BHOY3HERE REriPENaRCeIOEMALé0ORhe det ection in step Sa4
(Figure 8) becones "No". Further, the CPU synthesizing node is avail able
dependi ng on t he designatinghatdeast poecokthe tirst swauefaren geyiarasioron in
whi ch the waveform nenory readout node cannot be utili zed, since DVAC 19
and RAM 20 arandiithe secorfd wanesforid geheratarc s corgegpowdente twighCPU 10 i s
not very high enough, the _ -

the provided performance information;

selectively operating the designated one of the first

waveform generator and the second waveform generator by

means of a controller to create the waveform according to the

provided performance information; and

generating the musical sound based on the created

waveform.

18. A musical sound generating method according to

claim 17, wherein the providing step comprises providing

performance information which contains timbre information

effective to specify a timbre of the musical sound and timing

information effective to specify a timing of generation of the

musical sound, and wherein the designating step comprises

designating one of the first waveform generator and the

second waveform generator in correspondence with the timbre

information so that the musical sound having the specified

timber is generated at the specified timing,.

19. A musical sound generating method according to

claim 17, wherein the designating step includes, if desired,



————

-real - tijmagave data cal cul ation is inpossible since the: 64 co- processor
17 Iackmmiﬂm!m)ﬁ, ﬂJ y be a situation in which all the CPU synthesizing
modes ar< 1ot pavgt M A second enbodinent will be explained hereunder.
“CGenerally, it is difficult to reproduce the realistic sound of the
percussi ve tones such as a rhythmor d@dminstrument by the wave data

conput ation according to FM node or harnonics synthesizing nethod. -Thus, if
e Lt Rt S B e M M L1
FM node ot her than the wayeform nmenory readout de, it is t adequate to
reproduce th ARG ISCancE Wayelopuh gensrakar QQ.tggGr hfbﬁ?ntfoqﬁ)@' not
necessary to cal cul ate the wave data by the arithnmetic cal cul ati ng node
ot her than t eperaies dothrofdhe fizgtdwaveforra generadocrand dhe seeand sort: of
the LSl sound source 22 is installed. Further, the CPU 10 shoul d execute
j obs ot her t vaavefoemaerferatos yotdorsiuirentlys create waveforms in

parallel manner. .:

20. A musical sound generating metho&j-a},jl'c(':ording to

claim 17, wherein the providing step comprises providiﬁg

performance information effective to command concurrent

- generation of a plurality of musical sound‘s_,_:._a{l___;td wherein the

designating step comprises designating one of the first

waveform generator and the second waveform generator

according to a number of concurrent musical sounds specified

by the performance information such that the designated one

'haé a capacity sufficient to create a number of waveforms

corresponding to the number of the musical sounds.

21. A musical sound generating method according to

claim 20, wherein the designating step further comprises

designating both of the first waveform generator and the

second waveform generator to ensure complete generation of

the concurrent musical sounds when the nur-_@l_ﬁer of the

concurrent musical sounds. exceeds a ca,pa,cn'.yof either of the

first waveform generator and the second Waveform generator.

22. A musical sound generating method according to

claim 17, wherein the preparing steps compﬁ_se preparing the



.that a system-Load required for the execution of the waveform synthesi zi ng

program; “mmwm m' mpas much as possible, especially in case that the
processij-'-_;ﬁ HH HE U 10 s not high. Thus, in this situation, it is

~convenientthatt:t e -€PU 10 generates the percussive wave data unsuitable
for the LSI sound source 22 by the wav8Por m menory readout node, while the
LSl sound source-22 generates the wave data for other tinbres. Thus, the

sour Eteatz‘z°§o' ﬁa@ﬂ%@?ﬁ %"ezg%ﬁﬁﬁgg ic?iné%ﬁg@s%é%@zﬁagﬁfﬁ@ ESEES -
2% : ity . ,

mai nt ai ned ngpesesanap iRl htittble e Uik SR PR s di rect ed

to the very point. The second enb(%di ment assamsé t_ggﬁ; tga‘e,( sound source 22

is installed Sﬁgogﬁomvﬁfp%%erﬁ 8F COFIDAFER (loaPdBLCTRA: WaNFAQEor m

synt hesi zi ng program ,the synthesi zing process using the sel ected hardware
(Fi gures 15 ge@ershor integnage dwikh ﬁﬁgr@ntro er so Ehat the internal

waveform generator is designated in place of the external
waveform generator when the same is not connected to the
controller even though the external waveform generator
should primarily correspond to the provided performance
information. o |

23. A musical sound generating method according to
claim 17, wherein the preparing steps comprise preparing the
first ﬁa.veforrh generator composed of a hardware module
driven by the controller and the second waveform generator
composed of a software modulé installable in the controller.
24. A musical sound generating method according to
claim 17, wherein the preparing step comprises preparing the
second waveform generator copmosed of a plurality of digital
waveform generé,tors which are operable based on different
algorifhms'to arithmetically create digital Wa.zveforms having
different qualities, and wherein the operating:_step comprises
selectively operating an optimal one of the digital waveform
generators according to the provided perform'%c\,nce
information. |

- 25. A musical sound generating method aécording to

Ly R4
s ad



.process sh \AﬂTT\‘FTQUf%—l% -More particularly, the synthesi Zi ng process

using the ¢ hed re in step Sa34 (Figure 11) is substituted for the
process st nm gﬂ \ﬂ@l The substituted process will be described
* her eunder;: ahid e he expl anati on of the other processes for

avoi di ng ddpllcated description. In thP& second enbodi ment, upon advancing
forward to step Sa34, the programruns to execute t he syntheS|Z|ng process

ot eia| oy PEESARTGRAG MG VA Entbuitd 2 e, O
Synt heai 5 1 < SHEPRHRPAYEING LerlGFafof 3@5}@‘@ a{d}ﬁ?{.ﬂgf%*a&%é&%aﬂndet he LS
sound source._ The r|t r| a for this alloc desgri bed hereunder.

e
oo A o € el Tetatth oot i, oflssebls BRSEH B | nol <
f:l)gg_r e?_hu:o ! h q.tgv%]yls gidrlgﬂg %Tgorﬁ:ﬂ?n %océirrea ea %eéit‘;h %ncria\l?gfo%n% nique timbre

having a relatively low quality, and another :dlgital waveform

generator operable based on a relativ’ely complicated
algorithm to create another digital waveform having a
relatlvely high quality.

26. A musical sound generating method according to
claim 17, wherein the preparing step comprises preparing the
second waveform generatof composed of a computerized
waveform generator operable according to a given a.lgoﬁthm
at a variable operation speed to create a digital waveform by
successively computing sample values of the digital waveform,
and wherein the operating step comprises steps of -
provisionaliy operating the computerized waveform generator
to carry out trial creation of a model digital waveform while
measuring the operation speed at which the trial creation is
carried out, optimally determining a sampling frequency
comparable to the measured operation speed, and actually
operating the computerized waveform generator to enable the
same to successively compute sample values of an actual
digital waveform at the determined sampling frequency

according to the provided performance information.



-t o |rrplﬁm\ a table containing the list of the tinbre codes of the

per cuss ,’WM nce, in order to discrimnate between the tones to
be hand Iw in case that the tinbre code detected for the

“rel evant event i & fbun’d in the table, rJI ‘the other tones to be handl ed by
the LSI sound source 22. However in the ‘present enbodi ment, the allocation

criteria may not be limted to the tinbre code. It is p055|ble Lo setup
Loron e AN 2, TR ey SR Bl SN BB RRNIER 2 2
handl ed by t one. can so _be:al.l ocat ed dependi ng upon
t he nunbe?/ o?ﬁ%@%&ﬂ’ r?%%@hgﬁéﬂ%age %FOQFW[}P?%%@%H& t hesi Ei ng.
Further, under_a | sor , eac one.can be all ocat fqrcibly by

ot her runni n§2fB ﬁpgpnﬁ'e %@BYYH{'%EF? e'iﬂ?énLIEﬂf‘fi%Yfﬁéa sour ce,
“vacant channel re creat %ﬂ 0| ce al | ocation. process in step Sg3 as
in step Se4 C’ﬁ’é‘i’r@ GWET | a@t@-ﬁ Foses éom@maﬁmedeoanraﬁ1om he key-on
event is synthesized through the vacant channels. The synthesizi ng net hod
for this opeﬁ@@ﬁdn is not linmited to the FM node, the harnonics

synt hesi zi ng node or the physical nodeling node, but it is possible to use,
for 28 A musical sound generating method -according to

~claim 26, wherein the operating step further ‘comprises
changing the algorithm to raise the operatién speed of the
computerized waveform generator so that ﬁhe sampling
frequency can be redeterminéd .to exceed the critical level

* when the determined sampling frequency falls below a critical
level which is defined to ensure a minimal qua.hty of the
digital waveform. .
29. A musical sound.generating method according to
claim 28, wherein the changing step comprises changing the
algorithm from a complicated one to a simplified one such
that the computerized waveform generator operates based on
the simplified one of the algorithm to successively read out
prestored ones of sample values to reproductively create the
digital waveform. |
30. - A musical sound generating methodé,t_:cording to |
claim 29, wherein the preparing step comprisgs preparing the
comi)uterized waveform generator which successively reads |

out prestored ones of sample values which air§ provisionally



. exanp - .PCM: rmde to read out the wave data fromthe 67 wavef orm menory
25, depgmmm" mm n haracteristics of the installed sound source 22. On
the oth ﬂ ﬁmtl nbres all ocated to the. CPU, the CPU synthesi zi ng
<all ocation’ pr o'ted'uré is$ done in order to generate an allocation conmand to
generate wave data relevant to the det86ted event in step Sg5 as in step
Se7 (Figure 15). If the allocation conmand is available, the detection in

step Sgb I es\dgiphiled cordhlf {d'6heHIBHCALSY dlbFithh IKTore tHeeP SO7 i

execEt ed tof gene ate a wave mrelevant™to t | ocat1 on commgd Th ed
T order to faeds Gl TRt Hrifliied AR %Zémbgfg?éy o the of her
Sa6 T esul t's. o °%a§ﬂ§ﬂ@ﬁ85%€‘%‘é¥éh§r®e%@9§f‘?£%rbéa?ﬂptsf‘aicﬁ d enbodi rent

nmusi cal sounds c be ,al | ocat %d sel ect Ia\i 0}(1 (f t he é:PU nd the sound source
wavetorm to generate a music nd.accor

performance information the method, cbmprising the steps of:

providing performance information; |

preparipg a computerized waveform gén'erator operable
based on a given algorithm at a variable operation speed to
create a digital waveform by successively computing sample
values of the digital waveform; |

provisionally operating the computerized waveform
‘generator to carry out trial creation of a model digital
waveform while measuring the operatio.n'speed at which the
trial creation is carried out;

optimally determining a sampling frequency comparable
to the measured operation spééd;

actually operating the computerized waveform generator
to enable the same to successively compute'-Sample values of
an actual digital waveform at the_detemfline__d sampling
frequency; and |

generating the musical sound based. on the actual digital

waveform according to the provided perfiﬁi'ﬁiéﬁce information.

32. A machme readable media contammgg instructions for

causing said ma,chme to perform a method of creating a

- This Sheet Has Been Re ﬂ
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.according to tTheir tinbres so that the optinumdistribution of the

processi ng laad nfin e 3 mand the sound source is possible, and the
various ti} gm! “m ‘“ ated while retaining the quality of the
* reproduced . sourds: Fbr-Surfmary, the input device provides perfornmance

i nf or mati on "whi ch contains tinbre infoBBation effective to specify a tinbre
of the nmusical sound and timng information effective to specify a timng

gener at or andraysiobi Biceirats  Ryrinl o aebfding 68 i n- cor respondence
with the tinbre.i nformatiagn so . that, the outpyt device generafes the nusical
" sound havi ngﬁnggﬁéacpi ormation gfhe ngglbg i GATEPTISt e SYERHOLf i rst and
The channel s pr oBTSEATEE SHATTWABICLPRIL BEGYSHOr EPEHPLLas: ovi ded [ n ¢ he
sound source. However, the synthesizing process for a tone can be executed
by both of tkge@Rugaacvareforsand source. In this ;
preparing a second waveform généra;to.f_. operable
independently from the first waveform geﬁerator for creating
a waveform; -
providing performancé information;
designating at least one of the first waveform generator
and the second waveform generator m coﬁespondence with
the provided performé,nce_ information;
selectively operating the designated one of the first
waveform generator and the second waveform generator by
means of a controller to create the waveform according to the
provided performance information; and |
generating the musical sound based on the created
waveform.
33. A machine readable media according to claim 32,
wherein the providing step comprises provitﬁng performance
information which contains timbre information effective to
specify a timbre of the musical sound and tu:mng information
effective to specify a tim.ing of generation ofthe musical
sound, and wherein the desigﬁa,ting step compnses

designating one of the first waveform generéi;or and the

This Sheet Has Beer R.
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arrangerrent | t e to use the harnonics synthesizing node in the
CPU si de, “ m’ e other than the harnonics synthesizing, e.g.,
the FM m) *

ource side, so that variational tones can be

- gener at ed- because the sane tone is synthesized by the different cal cul ation
nodes. The purpose of a third enbodimef® is directed to the very point. In
the third enbodi nent, the LSI sound source i.s assuned to be installed in

the system agg éBﬁWaﬁreE&ﬂﬂ ér i%%ox‘%%gohﬁ%?ﬁ%t gﬁgg@@% ar dvar e

synt hesi zi ng program eS|2|ng process using

Nor e par i CutBiPy A &%@g i¢ x@glﬁfe@‘é%oeri@%ﬁﬁ%ﬁ%%ﬁ%ﬁ@ﬁi&%i2 n
Sa34 (F 1 Fi 19

The subst | { ut BHRTORLEERA o0 et dLEcrpBfieA O, . while 69 om 11 ng

t he expl anat |3c2£ of the ot hienre Ipeaﬁgﬁfeeﬁlé&[a gc\:/(%rcam% 1glour(): éﬁgtse(ﬂ descri ption.

wherein the designating step includes, if desgred, coincidently

designating both of the first waveform genel'_-‘;e,tor and the
second waveform generator so that the coﬁtr.e]ler operates
both of the first waveform generator and the second waveform
generator to concurrently 'cr_'ea,fe waveforms m parallel

" manner. |
35. A machine readable inedid according to claim 32,
wherein the providing step corhprises providing performance
information effective to command concurrent generation of a
plurality of musical sounde,_ and wherein the designating step
comprises designating one of the first waveform generator and
the second waveform generator according to a number of
concurrent musical sounds specified by the ﬁerformance
information such that the designated one has a capacity
sufficient to create a number of Waveforms correspondmg to
the number of the musical sounds. |
36. - A machine readable media accordmg to claim 35,
wherein the designating step further comp',:' ses demgnatmg
both of the first waveform generator and t e eecond waveform

generator to ensure complete generation of the concurrent

heet Has Been RTlaced
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.I'n this enbediment, upon advancing forward to step Sa34, the synthesizing

progr adidssmit t he synt hesi zi ng process using the sel ected

har dmﬂmugm“mmwnmgure 19. In step Shl, the event detection is carried
“out ds kl_stepsSels and Sgl. In step Sh2, system check for voice allocation
is executed. Mre particularly, a devi ¢ to handle the synthesis is

determ ned for each voice (tone) out of the CPU and the LSI sound source.

The criteria hkiddll ol de SPhén RPN RS &NGS thiDésn boent iRl channel s

avail abl e for sinmultaneous synthesizing, or the setup configured by the

manual or CO@Bﬁﬁgngeag&s a88aj ggitcpeof@&p@ STPREETR P twad@orhiie tones

al | ocat ﬂj to the sound so , Yvacant channel S are prepared by the
: . . . . Fi 15) .
Sha. “the vav@<OraRef 29 e P ERod SRR bEReR o 1 PocT 2ot hrough the

vacant chann . The synt,hesi zi n t hod,.for this operati.on s not limted
to the FM.no® -or t afhie E@@%ﬁf%gﬁ%ﬁc%‘ﬁﬁ&%ﬁimm dg possible to
use, for examp]e, .the physical nodeling node and the P% ngde to read out
the wave dat 3VRPERHD: hee DICPREINE SEEDF FOPBDEISEPRENAFING Jare Hest
characteristics of the installed sound R

waveform generator composed for an external waveform

generator optionally connectable to the,'c'oﬁj:;pller and the
second wavéform generator composed of a.nmterna.l waveform
generator integrated with the controller so that the internal
waveform generator is designated in place of the external
waveform generator when the same is not connected to the
controller even though the external Wa,vefo_ri_m generator
should primarily correspond to the provided performance
information. ‘
38. A machine readable media according to claim 32,
wherein the preparing steps comprise preparing the first
waveform generator compésed of a hardware module driven
by the controller and the second wavefonﬁ generator
composed of a software module installable in:the controller.
39. A machine readable media according_'to claim 32,
wherein the preparing step comprises prepanng the second
waveform generator copmosed of a plura].iﬁ_j;.' jj"ﬁf digital
waveform generators which are operable ba.sd on different

algorithims to arithmetically create digital v‘fé)ireforms having

——

—
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.asource 22 Qn t-he hand, for the tones allocated to the 70 CPU, the
CPU synlmﬂlm M\B%tlon procedure is done in order to generate an '
al I oca _ vant to the detected note-on event in step Sh5 as in

T step Se? (f:| glre“15). I nformation abouhzt he cal cul ati on nethod is included

in the allocation command. The voi ce aFffocated to both of the CPU and the
sound source is processed in steps Sh3 and step Sh4 by the LSI sound

o ocosses ar SRR TRAUMES ATIPRERFERPEht hrieEiing Reiodulbriids, T1POF

he d _

E: i’irc u F;'? F tf) In ° %ﬁle&%%a%hlsg Egéﬁ'%gjc%ﬁ e@gyﬁeﬂg? ao[}dﬂi\é] %ﬁ%\r&l%ﬁfy&d&ént to the
Y Lo

cal ol at ?25%?15‘&2%%%'95%%@% TBLE PREYCABo IR BRRS ar moni o5

synt hesi zi ng., BhﬁSl nodel i ng and so on. On the ot her hand, if the

al l ocation céd 0ot avail abl e, the detection in step Shé results in

"No",-and th -
o e40. A machine readable media according to claim 39,

wherein the preparing step comprises prep_a.x:ing the second
waveform generator including a digital Waveform generator of
a waveform memory type operable based '0]'.,1' .a, relatively
simple algorithm to create a digital waveform having a
relatively low quality, and another digital waveform generator
operable based on a relatively complicated algorithm to create
another digital waveform having a relatively high quality.

41. A machine readable media according to claim 32,
wherein the preparing step comprises prépa.ri_ng the second
waveform generator composed of a computerized waveform
generator operable according to a given algorithm at a
variable operation speed to create a digital waveform by
successively computing sample values of the digital waveform,
and wherein the operating step comprises steps of
provisionally operating the computerized Wa\;g-form generator
to carry out trial creation of a model digita,l_in;raveform while

measuring the operation speed at which the. jti:ial creation is

carried out, opt1ma.11y determining a sa.mphng frequency

comparable to the measured operation speed a.nd actually

This Sheet Has Been Relp

L] IIIIH llll bl



ool M 75" 1 ovna’sonres 2o ht U1 Frerent wove datacar

be repr*odlﬁc.e-ﬂ.ff-:-br_ ther sane tone actually. Due to this feature, the third
= enbodi nent. can al so diversify the tones of the system For sunmmary, both of
the first waveform generator and the s@&3ond wavef orm generator are
coincidently designated so that the controller device 71 operates both

;C’Eniﬂir feirnifg_035?%‘2{@%@%?@é%&Jﬁt&ﬂ&%ﬁaﬂ%ﬁ%@ﬂﬁ%&%ﬁ%%r@sqq ﬁ%ﬁ%ﬁ? o A
al L ocat § on mSEEN 40 SHocRaRAD SotiRutE manpte vl Aot A B teE o o e

certain soundiEHAoERYEIES Hatas dsterineH e Dins HeCAIant devi ce-upon
the event det f cordmg To’the provided performance information.
42. A machine readable media mcoidiné-?_to claim 41,
wherein the determining step comﬁrises ﬁxmg the sampling
frequency to one of stepwise predetermined _":_l_eVels, which is
lower than and closest to the measured' opeiation speed.
43. A machine readable media according to claim 41,
wherein the operating step further comprises changing the -
algorithm to raise the operation speed of the computerized,
waveform generator so that the sampling fre_Q_uency can be
redetermined to exceed the critical level when the determined
sampling frequency falls below a critical level which is defined
to ensure a minimal quality of fhe digital waveform.
44. A machine readable media according to claim 43,
wherein the changing step comprises changing the algorithm
from a complicated oné. to a simplified one such that the
computerized waveform generator operates based on the

simplified one of the algorithm to successively read out

prestored ones of sample values to reproducﬁ_ijz_ely create the

digifal waveform.
45. A machine readable media a(.:cordin'g_-_.:.;t_;:o claim 44,

wherein the preparing step comprises prepaffﬁg the

This Sheet Has-Been Reilaced '
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.t he syst The very inplementation is provided in this fourth enbodi nent.
The fou W’ "”ﬂ unmes that the sound source 22 is installed as
shown .in mamfas in the second and third enbodi nents. Wth
respect to the vva'ﬂlefsorm synt hesi zi ng program the synthesizing process

usi ng the sel ected hardware device (Fi gﬁﬂges 15 and 16) is replaced with the
process shown in Figure 20. Mre particul arly t he. synt hesi ZI ng process

ure .11 ubstituted -

i ntghtehgrigles@fiﬁ"%%%ﬁ $o65 bonetElpsich Suf esEs Wﬁ Sbe
t
o i e e B E@t%ﬁeﬁgﬁﬁf Stnple vaifes 'a” Shbish a rovEoetdbanci ng

forward to step Sa3 t he synt hesi zi ng programr.u ‘0 .execute the
synt hesi zi ng df @ﬁ@oﬁd}@&w& %tﬁﬁé?ﬁd algom%hm before theFi gure
20. First of all, the event detection |s carried out though this process is

not il ustrat espMerissehanged $ovthe simplified algorlthm

46. A machine readable media conta,i __-ng mstructions for
causing said machine to perform a method of creatmg a
digital waveform to generate a musical sound according to
performance information, the method compnsmg the steps of:

providing performance information;

preparing a computerized waveform generator operable
based on a given algorithm at a variable operation speed to
creaﬁe a digital waveform by successively computing sample
values of the digital waveform;

provisionally operating fhe computerized waveform
generator to carry out trial-éreation of a model digital
waveform while measuring the operation speed at which the
trial creation is carried out;

optimally determlmng a sampling frequency comparable
to the measured operation speed;

actually operating the computerized _vféﬁ(eform generator
to enable the same to successively compui:__é;' ?.mple values of

an actual digital waveform at the determin

frequency; and S
generating the musical sound based onthe actual digital

This Sheet 1.
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ﬁallbcatio_ i create a vacant channel in the LSI sound source.
In step: SD!‘Immﬁ Mr el evant to the detected event is actually
synt hesi ze s nt channel . The synthesizing nmethod for this

- operation is not limted to the FM node or the harnonics synthesizing node,
but it is possible to use, for exanple2Xhe physical nodeling node and the
PCM node to read out the wave data fromthe waveform nenory 25 dependi ng
upon the characterd stics of ;the,installed.sound source 22. After.the
synt hesi zi ng, WALFIORHR &GPLding o e pravided, Rorlotanch Tnfobmatsn, an
event which can be allocated to a certain sound source device is sinply
allocated to this device upon the event detection provided that this device
is installed in the system Figure 25 shows an additional enbodi nent of the
i nventive -nmusi cal sound generating apparatus. This enbodi ment has basically
the sane construction as the first enbodi nent shown in Figure 1. The sane
conponents are denoted by the sane references as those of the first
enbodi ment to facilitate better understandi ng of the additional enbodinent.
The storage unit 15 can store various data such as waveform data and
various prograns including '

U
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.the systemcontrol program or basic program the waveform 73

- synt hesi zi ng program and ot her application prograns. Normally, the ROM 11
“provisionally stores these prograns. However, if not, any program may be
-l oaded into a hard.disk or else in the storage unit 15. The | oaded program
is transferred to the RAM 13 to enabl e9%he CPU 10 to operate the inventive
'*Systen1of t he nusi cal sound generatin ar at us. such a nmanner, new or
ver si on- up pro@@MMERIZ]%ﬂMﬁSIét&%pSQFEM &G SOFIWARE

pur pose,. ‘a nmachi ne-readabl e nmedi a such as a CD-RONI(Conpact Disc Read Only
‘Menory) 51 is utilized ANDHARDWARESOUNDSQURCHES 1 is set into a

" CD-ROM drive 52 to read out and downl oad the programfromthe CD- ROM 51

~knto the:storage unit 15 through the bus 12. The nachi ne-readabl e nedi a my
be conposed of a magnetic disk or an optical disk other than the CD ROM 51.
A comunication interface 53 is conf&BSTRACT

- A musical sound generating apparatus creates a waveform
to generate a musical sound according to performance
information. In the apparatus, a first wavefdrm generator is
operable for creating a waveform. A second waveform
generator is operable independently from the first waveform
genefétor for creating a waveform. An input device provides
performance information. A designating device designates at
least one of the first waveform generator and the second
waveform genetator in correspondence with the provided
performance information. A controller selectively operates the
designated one of the first waveform generator and the second
waveform generator to create the waveform according to the
provided performance. An output device generates the musical
sound based on the created waveform. The second waveform
generator, the input device, the designating device and the
controller are integrated with each other to constitute a main part
composed of a computer, while the first waveform generator
alone constitutes a supplementary part which';iis'z separate from the

main part and which is optionally installable in the cdmputer.



“external server conputer 54 through a comrunication network 55 such as LAN -
(Local Area Network), public tel ephone network and | NTERNET. |f the storage
_unit 15 does not reserve needed data or program the conmunication
d:nterface 53 is activated to receive tResggta or programfromthe server
z'conputer 54. The CPU 10 transmts a request to the server conputer 54
thorough the interface 53 and the network 55. In response to the request,
the server conputer 74 54 tr@nsnits the requested data or programto the
apparatus. The transmitted datazpr programis stored in the hard disk of
the storage unit 15 to thereby npl ete the downl oadi ng. The inventive
-nusi cal sound generating appara can be inplenented by a personal
‘conputer which is installed 'tﬁDThe needed data and prograns. In such a
‘case, the data and progranscare pfovided to the user by neans of the

machi ne-readabl e medi a such ds\the RA 51 or a floppy disk. The
_machi ne-r eadabl e nedi a cont ai ng i‘;és uci dons for
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. causing the personal conputer to performthe inventive nusical sound
~..generating method as described in conjunction with the previous
- ‘enbodi nents. O herw se, the personal conputer nmay receive the data and

= programs through the conmunication netﬁggﬁ%SS._ln t he enbodi nents descri bed
~:.above, the optional devices including o- processor 17, DSP 21, sound
".source 22 are referred to as exenples, but the optional device is not
limted to these devices. The present invention can be utilized in the
.application systens such as personal conputer, electronic nusical
__instrument, gane machine and so on in which the nusical sound is generated.
. +*As shown in the foregoing, according to the present invention, various
“.effects can be derived. It is possible to ggperate various nusical sounds
“sand to reduce a processing. 75 load requi®™ed for nusical sound -

.generation. The nusiggl sounqacan be g neraﬂed at the« opti num sanpl e
frequency for ) I~ ’ﬁ E
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-the configuration of the apparatus. The structure for generating the wave
data of the nusical sound can be significantly sinplified. The quality of
t he generated mnusi cal sound can be retained even in | ow performance
“hardware. The nusical sound can be gengr gd according to the perfornmance
i nformati on even if the vol unme 1& Eg Ofd18N I nf ormati on becones

| ar ge. 76 What is clained is ﬂ Ej [tal Jyound generating appar at us
for creating a waveformto generate a nusical_sound according to

per f or mance i nf or3Ghtd-an, isiack, i
operabl e for creatiHSQ37&g3ZR§Y$#&§@§

i ndependently fromthe first Ver or m gener af or Sqqﬂggnpr creatlng a
wavef orm i nput ﬂéﬁna\igr provi|di ng perEﬁyna :
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desi gnating means faor designating at | east one of the first waveform
.generator nmeans and the second wavef orm generator neans in correspondence
Wwith the provided performance information; controller neans for selectively
‘operating the designated one of the firég, vef orm generator neans and the
-second waveform generator neans to create the waveform according to the
provi ded performance information; and output nmeans for generating the
musi cal sound based on the created waveform 2. A.nusical sound
generating apparatus according to claim1, wherein the input neans
conprises neans for providing performance information which contains tinbre
~information effective to specify a tinbre of the nusical sound 77 and
timng information effective to specify a timng of generation of the
nusi cal sound, and wherein the designating means conprises neans for
-desi gnating one of the first
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. . wavef orm generat or means and the second wavef orm generator means in

correspondence with the tinbre informati on so that the output neans

- ~generates the nusical sound having the specified tinber at the specified

=timng. 3. A nusi cal sound generatiggﬁggparatus according to claim1,

“wherein the designating nmeans incl ude ns operable if desired for

~coi ncidently designating both ? LGhUR]Eavﬁor m gener at or neans and the
second wavef orm generat or neans s ot confrol |l er means operates both

of the first waveform generator neans and the second waveform generat or

~means to concurrently create waveforns in parallel manner. 4. A nusi ca

- sound generating apparatus according to clai-m1l, wherein the input neans

conprises neans for providing perfornmance information effective to conmand
“concurrent generation of a plurality of nusical sounds, and wherein the
~designating nmeans conprises neans for designating one of the first waveform
“generator neans and the second waveform generator neans according to a
-nunber of concurrent mnusi cﬂ sounds specifi-ed by the ptrformance
-information such. that the dlesi gnapg AREAAs a capacit

'WAVEFORM SYNTHESIZING
PROGRAM AREA

APPLICATION PROGRAM
AREA (1)

APPLICATION PROGRAM
AREA (n)

DATA AREA |
WAVE DATA AREA " WAVE”




.78 sufficient to create a nunber of waveforns corresponding to the nunber
of the nusical sounds. '5. A nusi cal sound generating apparatus according
to claim4, wherein the designating nmeans further conprises means operative
“when t he nunber of the concurrent rrusiézgqs]ounds.expeeds a capacity of
either of the first waveform generator s and the second waveform
generator neans for designati ng(Fcl’:Qc{JBeEl wavef or m gener at or neans
and the second wavef or m gener at sufe conpl ete generation of

t he concurrent nusical sounds. 6. A nusical sound generating apparatus
according to claim1, wherein the first waveform generator nmeans conprises

an external waveform generator optionally connectable to the controller
means whil e the second wavef orm generator neans conprises an internal

wavef orm generator integrate = means so that the
desi gnati ng neans desi gnhat est@ﬁnémm | gener at or

.

INITIALIZATION .——— St

SYSTEM 1 _s
ADMINISTRATION (OS) ‘“’

' -

APPLICATION(1) | S3

Y

WAVEFORM 1 s
SYNTHESIZING —
PROGRAM

[

APPLICATION (n) |~' Sb




.1 n place of the external waveform generator when the sane is not connected
to the controller neans even though the external waveform generator should
- primarily correspond to the provided performance information. 7. A
*. musi cal sound generating apparatus aﬁ‘?org'gng to claim1, wherein the second
-wavef orm generat or nmeans, the input { t he desi-gnating nmeans and the
~control |l er neans 79 are int eFtt@uHE W@ot her to constitute a main
part conposed of a conputer, ef orm gener at or neans al one
constitutes a supplenentary part which is separate fromthe main part and

“which is optional{f WANMERORM SYNTHESIZINGt S . , 8: A nusi cal sound
. generating apparal PROCFOANI ng to claim1l, whg¢rein the first waveform
‘generator neans i ule driven by the controller

means, while the second wavef o¥m generator neans .i s conposed of a software
modul e install abl ¢ OPERATINGr MOBE SETUP Sat
AND HARDWARE CHECK |— ©@

1 —
WAVEFORM LOADING | _-Sa2

¥
——N°—<fF SETFLG= 1>/333

S
ves Sed
IF CPU SYNTHESIZING \NO
MODE | -
YES Sab
£ NO
QF ENBLFLG+#1 } Sab
) 1
531\1 - YES PERFORMANCE
IFF ALLOCATION MODE {:%%%%%ﬁﬁlém
No / IS EITHER OF CPU
SELECT MODE AND sSal
SOUND SOURCE SELECT [g /TF CFU WAVEFORM
Saf2 MODE _ GENERATION
\ Vs COMMAND IS ISSUED
\_| VES Sa8
ENBLFLG =-1 - | -
DACENBL =1 | ‘SN&V’[E}I{?I?SI}%NG
SETFLG~1 COMPUTATION
¥ =
E j | NO IF PROGRAM IS
- O TERMINATED
| ~ IS Sal0
| SETFLG<——O

E@



. eans. 9. A nusi cal sound generating apparatus according to claim]l,
wherein the second wavef orm generator nmeans conprises a plurality of-

di gital waveform generators which are operable based on different _
~algorithns to arithnetically create diaglégﬁl wavef ornms having different
~qualities, and wherein the controller ™ s conprises neans for selectively

operating an optimal one of thf'ﬁwﬂﬁfo generators according to

t he provi ded perfornmance i nfornat . i A mMsi cal sound generating

apparatus according to claim9, wherein the second waveform generat or neans

i ncludes a digital waveform generator of a waveform nenory type operable

based on a relatively sinple algorithmto create a digital waveform having

arelatively low quality, and 80 another digital waveform generator
~operabl e based on a relatively conplicated algorithmto create another
digital waveformhaving a relatively hi gal ity.

ENBLFLG <— 0
DACENBL ~ 0

" TCOUNT =—0
SCOUNT~—0 }— Sal4
TIMER START

TRIAL SAMPLE ' Salb
VALUE CQMPUTATIQN

!
SCOUNT=—| _sa16
SCOUNT +1




. 11, A nusi cal sound generating apparatus according to. claim1l1, wherein
t he second wavef orm generator means conprises a conputerized waveform
"generator operable according to a given algorithmat a variable operation
- speed to create a digital waveform by Eyﬁgessively conputing sanpl e val ues
-~of the digital waveform and wherein 9 ontroll er neans conpri ses neans
: for provisionally operating thfbrﬁuﬁg fyorm generator to carry
out trial creation of a nodel rmWhY |l e neasuring the
operation speed at which the trlal creation is carrled out, determ ning
means for optimall eterm ning a sanpling frequency conparable to the
‘nmeasured operatio jeed, and neans for actually operating the conputerized
~wavef orm gener at or to enable the sane to successively conpute sanple val ues
~of an actual pmavefgrm at the determ ned sanpling frequency
“according to thJSEb¥+d9d derf @atBce information. 12. A nusi cal sound
~generating appesei-se—aeeerding to claimll, wherein the determning nmeans
-conpri ses ns for¥ fixing the sanpling frequency to one of stepw se

_predet erm ne¢d cilis r than and cl osest to the neasured
. &éed: ¥ekSnarki 318 _
’FCCHHWT><T1 - -

oper ation sj

SELECT Fs OUT OF | |ALARM AND ]
(?}‘I}‘)”%&{ %%S) COMPUTATION
1 IMODE _ Sa24

Sa26

/

~NO

COMPUTATION MODE

¥ .
<IF BACKUP WAVEFORMY
IS SPECIFIED

- ) \ :
YES IF PROGRAM IS
Sa25 TERMINATED NO
\ - ~_|YES

WAVEFORM COMPUTATION BY.,
PRIMARY MODE, AND WAVEFORM
MEMORY READOUT MODE "
AUTOMATICALLY SELECTED .
FOR SYNTHESIZING

Saz2r
P | {SETFLG=-0
ENBLFLG =1 -] . I
|L—-Sa22
DACENBL =—1]" | @
SETFLG=—1 | |

RET



.81 13. A nusi cal sound generating apparatus according to claim 11,
wherein the controller nmeans further conprises changi ng neans operative
when the determ ned sanpling frequency falls below a critical |evel which
“is defined .to ensure a mninmal quality 3%he di gital waveform for changi ng
the algorithmto raise the operation SH@/ of the conputerized waveform
generator so that the sanpling frequency can be redeternmned to exceed the
critical level. 14. A nusi cal sound generating apparatus according to
claim 13, wherein the changi ng nmeans conprises neans for changing the
algorithmfroma conplicated one to a sinplified one such that the
conput eri zed wavef orm generator operates based on the sinplified one of the
algorithmto successively read out prestored ones of sanple values to
reproductively create the digital waveform 15. A nusi cal sound
generating apparatus according to claim14, wherein the conputerized
wavef or m gener at or
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&

successively reads out prestored ones of sanple values which are
provisionally conputed according to the conplicated algorithm before the

sane is changed to the sinplified al gorlthm 16.

- apparatus for creating a digital mav
--according to performance |nfornat|on
provi di ng performance i.nformati
operabl e based on a given al gorkt

a digital waveform b_
wavef orm trlal-=
- generator to

F‘Lﬁﬁﬂﬁ

A sound generating

g%to generate a nusical sound

rising:

zegl

82 input neans for
mvef orm generator neans
operatlon speed to create
succeSS|ver conmputing sanple values of the digital
aBBOV|S|onaIIy operating the conputerized waveform
on of a nodel digital waveformwhile

- neasuri ng t eW@gVEE@RMsmADiN@\h' ch the trial creation is carried out;

det er m ni ng\ MPROCESSopti mal |y detgrm ning a sanpling

Sb1
IF_MIDI SAMPLE /NO '-
DUMP COMMAND Sbh4
IS RECEIVED /
~ IYES -
IF WAVE DATA IS\ no
TRANSFERRED FROM Sb5
DATA 1/F
' YES ' , /
IF ACCESS EVENT \ no
Sh? IS DETECTED FOR
DISK
savpLE powp | T ES | gopg
" RECEIVING /
SROCESS DISK DATA CHECK
PINT SHE A ‘ <F WAVE DATA EXISTS
— s YES S8
" [RET READOUT AND TRANSFER
. WAVE DATA
WAVE -—DISC
] P
NO /1 ROADING FINISI—IES)
Y&ES

[RET



. frequency conparable to the neasured operation speed; controller neans for
actual |y operating the conputerized wavef orm generator to enable the sane
to successively conmpute sanple values of an actual digital waveformat the
* determ ned sanpling frequency; and 0ybp, means for generating the nusical
;. sound based on ‘the actual d| gital waveform according to the provided
" performance i nformation. frﬁgﬁg (]ggeratl ng nmet hod of
creating a waveformto generat cording to performance
information, conprising the steps of: preparing a first waveform generator
oper abl e for creating a waveform preparing a second wavef or m gener at or

oper abl e 83 indep ngE the first wavef orm generator for creating
a waveform providi ng Foﬁé%@ i nformation;

SAMPLE VALUE

COMPUTATION

B o Sel

IF CO-PROCESSOR \NO
EXISTS

SAMPLE VALUE T SAMPLE
%V(%’I}/IPI;%’LI‘-J%TION gow%%X%ll{rE
'CO-PROCESSOR || WITH CPU ONLY

_
lRETl



.designating at |east one of the first waveform generator and the second
wavef orm generator in correspondence with the provided performnce

i nformation; selectively operating the designated one of the first waveform
*generator and the second waveform gen m by neans of a controller to
‘create the waveform according to the ﬁ ed perfermance infornmation; and
generating the nusical sound baFcI Gcll.gﬁfat Jﬁ.'_;; veform 18. A nusi cal
sound generating method accor di t .ei-n the providing step
conprises providing performance informati'on which contains tinbre
information effective to specify a tinbre of the musical sound and tim ng

i nf or mati on ef(SﬂfEPeScS)spem fy a timng of generation of the nusical
sound, and wher ei n the deS| gnating step conprises designati ng one of the
first wavefORJRIIIG st he second wavef orm generator in

corresponglen it I NTDre)information so that:the nusical sound having
t he speci\i PIS generated at the specified:tining. 19. A nusi cal

sound generatd et hod accodi ng to claim 17, vvherel n the designating step
i ncl udes, Sdldesi req,

NO  sd3
YES| /TF WAVEFORM _ \ no
S®? MEMORY READOUT }—  Sdb
N MODE IS SET | /
[FM wavEFORM| |5 /i HARMONIéé
SYNTHESIZING SYNTHESIZING NO
COMPUTATION Sa4\MODE S SET Sd7

IF:} PEYSICAL
MODEL

WAVEFORM MEMORY
READOUT PROCESS
USING WAVE DATA. SYNTHESIZING
LOADED IN AREA MODE IS SET
WAVE” OF RAM OR YES
STORED IN ROM Sd6

SAMPLE VOLUE
COMPUTATION BY
HARMONICS -
SYNTHESIZING MODE|| Sd8

SAMPLE VALUE
.COMPUTATION
‘BY PHYSICAL
"MODEL
'SYNTHESIZING
MODE




. 84 coincidently deéignating both of the first waveform generator and the
- second waveform generator so that the controller operates both of the first
- waveform generator and the second mavefornfgenerator to concurrently create

- wavefornms in parallel manner. j cal sound generating nethod

- performance |nfornat|on effect

Irrent generation of a
plurality of musi.cal sounds, de5|gnat|ng step conpri ses
- desi gnating one of the first mevefornfgenerator and the second waveform
generator accordi 4P TER Badder of concurrent nusical sounds specified by

.- according to claim17, wherein th érOVI ﬁé ste conprlses provi di ng

s the perfor NRREeAkorIRti-0n Hed-that—tle designated one has a capacity

- sufficien
. the nusi cd
,:clain120,

5 corresponding to the nunber of
Sotig generating nethod according to
rther conprises

L . Al '
EVENT DETECTING /Se1
_ADIM_INISTRATION Se2

IF SOUND SOURCE S NO ()
SELECT MODE

TVES 5%

IF_SOUND SOURCE NO Se6
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CPU:- WAVEFORM
SYNTHESIS

YES

_ A
WAVEFORM SYNTHESIS| __ge10
COMPUTATION
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. designating both of the first waveform generator and the second waveform
" generator to ensure conplete generation of the concurrent nusical sounds
“when the nunber of the concurrent nusical sounds. exceeds a capacity of
“ either of the first maveforn1generat § t he second wavef or m gener at or.
L 22. A nusi cal sound generating neth according to claim17, wherein the-
. preparing steps conprise prepa(rF[PSSI'tJB)E f|r . wavef orm gener at or
- conposed for an external wavef opt" aIIy connectable to the
. controller and the second wavef orm generator conpgsed of an internal
- waveform generator integrated with the controlle d that the interna

.~ waveform generator is designated in place of the\g Sedk or m

" generator when the sane is not connected to the cgn even though the
. external waveform gener at or sho&l d pr| : provi ded
(/

* performance information. accordi ng
o Sel4 N o
\ 1 - . Sel2

VOICE ALLOCATION
TO SOUND SOUCE

SYNTHESIS USING - |VOICE ALLOCATION
SELECTED HARDWARE TO CPU

Selb

FIGURE 17

TIMER PROCESS -
(INTERRUPT)

IF BUSY=1
YES
TCOUNT<TCOUNT+1 | —Sf2

¥

OTHER MISCELLANEOUS | Sf3
TIMER PROCESSES :
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generators according to th

. claim17, wherein the preparing steps conprise preparing the first waveform
generator conposed of a hardware nodul e driven by the controller and the
second waveform generator conposed of a software nodule installable in the
controller. 24. A nusi cal sound gengy I/a bng met hod according to claim 17,

. wherein the preparing step conprises preparing the second waveform

-~ generator copnosed of a plural |gEy! %RE %orm generators which are
oper abl e based on different al t ith ically create digital
waveforms having different qualiti erein the operating step :

- conprises selectively operating ar(m?ngﬁ%ne of the digital waveform

: tion. 25. A

SNNTHESIZING WAVEFORMc| & m 24, wherein the
FWEFHHSEUM’FEDJWM enerat or including

“ operabl e based on a

nmusi cal sound generating
. preparing step conprises
a digital waveform generat

EVENT DETECTING © |__ sgi
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< provisionally operating th
“trial creation of a nodel

~relatively sinple algorithmto create a digital waveform having a
- relatively low quality, and another digital waveform generator operable
- based on a relatively conplicated al gorit hm to create anot her digital
» waveform having a rel atively high qual_(?é?) A nusi cal sound generating
= method according to claim 17, wherei prepar| ng step conprises
- preparing the second vvavefor_m Frﬁm R)g f a conputerized waveform
generator operable according t ritheat a variable operation
~speed to create a digital wavefor mﬁ’{y SUCCESSI vely conputing sanple val ues
. of the digital waveform and wher & at| ng-step conprises steps of
M-geagrator to. carry out
: ng the operation
: speed at which the trial "EE@I‘EI? |1y determining a
~sanpling frequency conpar e 1o the neasure OQELatI speed, and actually
. operating the conputerized vvaveform generator to.enabl e the sane to
~successively conpute sanpl e pratdes—ef—at—actuak J‘&g%* al waveform at the
“det erni ned sanpl i ng frequenoy a@‘c%EBﬁ'Iﬁ EdEGEINGS &Hipr mance
“information. ADMIN ' Sh2

/

SYSTEM CHECK F OR VOICE ALLOCATION

SYNTHESIS
N WITH BOTH OF CPU
SOUND SOURCE - 'CPU AND SOUND SOURCE
Sh3 ..,“
AN o |
VOICE ALLOCATION TO VOICE ALLOCATION | _sh5
SOUND' SOURCE |TO CPU _
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Sh6~_ |
IF ALLOCATION COMMAND \ NO
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. 27. A nusi cal sound generating nmethod according to claim 26, wherein the
- determ ning step conprises fixing the sanpling frequency to one of stepw se
predeterm ned | evels, which is | ower than and cl osest to the neasured
< operation speed. -28. A nusi cal sou rating nethod according to claim
; 26, wherein the operating step further ‘conprises changing the algorithmto
. rai se the operation speed of thE E@%Ed g f:or m generator so that

t he sanpling frequency can be redet ed the critical |eve
when the determ ned sanpling frequency falls belowa.critical |evel which
. is defined to ensure a nminimal quality of the digital waveform 29. A
. nmusi cal sound generating nethod according to claim28, wherein the changing
step conprises changing the algorithmfroma conplicated one to a

~sinplified one such that the conput%§qﬁ?§ orm gener at or oper ates based
~on the sinplified one of the algorit uc e55|vely read out

SYNTHESIZING PROCES.S_—
WITH SELECTED HARDWARE

VOICE ALLOCATION = |—Si

SYNTHESIZING WAVEFORM | _Si2
WITH SELECTED HARDWARE

RET




prestored ones of sanple values to reproductively create the digital
waveform 30. A nusi cal sound generating nethod according to claim?29,
_Wherein the preparing step conprises preparing the conputerized waveform
“generator which successively reads outq@r ored ones of sanple val ues
~which are provisionally conputed according to the conplicated algorithm
‘before the sanme is changed to the sinplified algorithm 31. A sound
generating nethod of creating a digital waveformto-generate a nusical

. sound according to performance information the method, conprising the steps
t of: providing performance infornegi on; preparing a conputerized waveform

' ‘gener ator operabl é based on a gi al gorithm at a variabl e operation speed
.to create a digital waveform by ssccessiyely conputing sanple val ues of the
.digital waveform provisionally ratid! the conputerized waveform
‘generator to carry out trial creation of |Ja nodel digital
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-waveform whil e neasuring the operation speed at which the trial creation is
carried out; optimally determ ning a sanpling frequency conparable to the
_measured operation speed; actually operating the conputerized waveform
‘generator to-enable the sane to succe y conmpute sanpl e val ues of an
‘actual digital waveform at. the deternifed“Sanpling frequency; and
generating the nusical sound based on the actual digital waveform according
to the provided performance information. 32. : 'nenory medi um r eadabl e
: by a conputer machine and contai rfng instructions for causing sai d conputer
© 89 machine to performthe nusi caIE’_lsound generating nethod according to

. claim 17, the nmethod conprising the steps of: preparing a first waveform
.. generat or operable for creatlng %gmavefg{nj prepari:ng a second waveform

‘generator operable
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i ndependently fromthe first waveform generator for creating a waveform

“providing perfornmance information; designating at |east one of the first

wavef orm generat or and the second waveform generator in correspondence with

“the provided perfornance infornation; @gl@gtively operating the designated

~one of the first waveform generator and the second waveform generator by
means of a controller to create the waveform according to the provided

performance i nformation; and generating the nusical.'sound based on the

. created waveform :33: A nmerdyry nmedi um accordlng to claim 32, wherein

" the providing step conprises pro dlng per formance -i.nf or mati on mhlch

© contains tinbre information effeddive to specify a-tinbre of the nusical

. sound and tinmng information effggtive tp specify a”tlnlng of generation of

t he nmusi cal sound, and wherein thg desi gfjati on step:conpri ses designating
one of the first maveforn1qgnerat§r and|fthe
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90 second waveform generator in correspondence with the tinbre information
7. so that the nusical sound having the specified tinber is generated at the
~specified timng. :34. A nenory nedium according to claim 32, wherein
“the designating step includes, if desi%%9ﬁ§foincidently desi gnati ng both of
-t'he first waveform generator and the s wavef orm generator so that the °
control | er operates both of the first waveform generator and the second
wavef orm generator to concurrently create waveforns in parallel manner. 35.
A nenmory medi um according to claifm 32, wherein the providing step conprises
© providing performance informatio ffective to command concurrent

+ generation of a plurality of nu5|$al sounds, and wherein the designating

. step conprises designating one of= he flﬁst wavef orm generator and the

second wavef orm gener at or accordlﬁb to g )nunber of €oncurrent nusica
sounds specified by the performange infgrjmati on such. that the designated
one has a capacity suffici ~3 ateld nunber of."waveforns corresponding
to . @) ne S
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t he nunpber of the nusical sounds. 36. A nmenory nedi um according to
claim 35, wherein the designating step further conprises designating both
~of the first waveform generator and the second waveform generator to ensure
: conpl ete generation of the concurrent musi cal sounds when the nunber
© of the concurrent nusical sounds exceg§§/ capacity of either of the first
- wavef or m gener at-or and the second maveforn1generapor 37. ' A nmenory
medi um according to claim 32, erein the preparifig steps conprise
preparing the first maveforn1gggérator conposed . of :an external waveform
gener at or optlonally connectabl 8<to the controller and the second wavef orm
~ generator conposed of an intern wavef orm generat:or integrated with the
~controller so that the internal veforn1generator 4's designated in place
of the external waveform gepratof when the same i's not connected to the

_‘_%'UII‘P

control ler even though the e Frar] waveg€ or m gener.at or
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- A nenory- redi-um-according.to claim32, wherein

. . W77 xrae
should prrnarrly correspond to the provided performance information. 38.
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to claim 32 V\/nerer n: the preparing step conprisgs piep /}Sr

wavef or m generator copnosed of a pluraligg of dirlgr-"?:{‘srr(l?gﬁgt R8edrs
whi ch are operable based on different al goritwms to arrthmetrcall create
di gital waveforns having 92 different qual 5T GRIRROEIRT n AEH1.. ..
operating step conprises selectively operati ng an optr mal one of the

di gi tal wavedemputedacedrlingdothe dongplicattdalgodthimdstfoss floy mance

i nformation. 40. A nenory nmedium according to claim 39, wherein the
preparing stsameadsphangsd po ¢hasimplified ﬂgomml@n

: prepari the first Waveformgenerator corrposedi_{ofmgﬁ
by the G@
i

"\

31. A sound generating method of creat‘i_hg a digital
waveform to generate a musical sound according to
* performance information the method, comprising the steps of:
| prov1d1ng performance information;

preparing a computerized waveform generator operable
based on a given algorithm at a variable operation speed to
create a digital waveform by successively computing sample
values of the digital waveform;

provisionally operating the computerized waveform
generator to carry out trial creation of a model digital
waveform while measuring the operation speed at which the
trial creation is carried out;

optimally determining a sampling frequency comparable
to the measured operation speed; | )

actually operating the computerized wevefo_r'm generator

to enable the same to succesSively compute sample values of

%

an actual digital waveform at the determined samphng
frequency; and |
generating the musical sound based on the actual digital

* waveform according to the provided performance 1nformat10n
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wavef or m qenerator I ncl ud| ng a digital waveform generator of a waveform

menory type operable basedion a relatively si nple algorithmto create a
di gi tal ml m rel ativel y low quality, and another digital
wavef or mvrm (rmm] mmmm e based on a relatively conplicated algorithmto
creat e andt hér “di'ghtat -wavef orm having a rel atively high quality. 41.
A nenory medi um according to claim32, wherein the preparing step conprises
preparing the second wavef orm generator 8@nposed of a conputerized waveform
generator operable according-to a given algorithmat a variable operation
speed to create a digital waveform by successively conputing sanple val ues
of the digital Waveform and V\/nerel n the operatl ng step conpri ses steps of
provi si onal | mmach@ { Ll 110 & € ifih g enethaldor to carry out
trial creation of a rmdel d| g| tal vvaveformwhl l'e measuri ng the operation
speed at whi gdcordéng to elajet ¢d; themieshod congsrisiup, theptepmof:y determning a
sanpling frequency conparable to the measured operation speed, and actually
preparing a first waveform generator operable for

creating a waveform,;

preparing a second waveform generator operable
independently from the first waveform generator for creating
a waveform;

providing performance information ;

designating at least one of the first waveform generator
and the second waveform generator in correspondence with
the provided performance information;

selectively operating the designated one of the first
waveform generator and the second waveform generator by
means of a controller to create the waveform according to the
provided performance information; and

generating the musical sound based on the created

waveform.

33. A memory medium according to claim 32,

wherein the providing step comprises providing performance
information which contains timbre information effective to
specify a timbre of the musical sound and timing information___
effective to specify a timing of generation of thé musical

sound, and wherein the designation step comprises

designating one of the first waveform generator and the
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1
93 operating the corrputerl zed waveform generator to enable the sane to
successi vel'y conpufe sanpie values of an actual digital waveformat the

determn ency according to the provided perfornmance
' | nf or mat: ﬂmmmm“'mmnﬂmrrermry medi um according to claim4l, wherein the
term ni ng step - .conpri ses fixing the sanpling frequency to one of the
stepvm se predeterm ned |l evels, which is |ower than and closest to the
measur ed operation speed. 43. A meg@®ry medi um according to claimd41l,
wherein the operating step further conprises changing the algorithmto

rai se the operation speed of the conputerized waveform generator so that-
the sanpling frequency can be redeterm ned to exceed the critical |evel

when the detssovniedavaforn pentratar émcyriespbadeeteowith the timbre | evel which
is defined to ensure a mnimal quality of the digital waveform 44. A

nenory medi uinfesmatidnw that thaimusidal sdweicthavinpethehsprgifigd st ep conpri ses
changing the algorithmfroma conplicated one to a sinplified one such that

t he conput ertimsbbningeheratedab ¢hespecidied itminghased on the sinplified one of
the algorithmto successively read out

34. A memory medium according to claim 32,

wherein the designating step includes, if desired, coincidently
designating both of the first waveform generator and the
second waveform generator so that the controller operates
both of the first waveform generator and the second waveform
generator to concurrently create waveforms in parallel
manner.

35. A memory medium according to claim 32,
wherein the providing step comprises providing performance
information effective to command concurrent generation of a
plurality of musical sounds, and wherein the designating step
comprises designating one of the first waveform generator and
the second waveform generator according to a number of
concurrent musical sounds specified by the perfomi-ance
information such that the designated one has a caﬁ%apity
sﬁfﬁcient to create a number of waveforms corresponding to
the number of the musical sounds. :

36. A memory medium according to clairh-35,
wherein the designating step further comprises de51gnat1ng
both of the first waveform generator and the second waveform

generator to ensure complete generation of the concurrent
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presto_t;ed_anes%&nop#e values to reproductively create the digital

wavefarm 45, ry medi um according to claim44, wherein the

- prepari’ gﬂlﬂlﬁmi ! [Breparl ng the 94 conputerized waveform
gener at ely reads out prestored ones of sanple val ues
whi ch are’ prow siona 'y conputed according to the conplicated al gorithm

before the sane is changed to the sinplified algorithm 46. A nmenory
medi um readabl e by a conputer machi ne anglj contai ni ng instructions for
causing said conputer machine to performthe sound generating method
according to claim 31, the nethod of conprising the steps of: providing
performance information; preparing a conputerized waveform generator

71 1 Lol waerOr T by SLCeaa yely ComRutI g Sanp e B ues of ‘the digital

waveform  sounds exceeds a capacity of either of the first waveform
generator and the second waveform generator.
37. A memory medium according to claim 32,
wherein the preparing steps comprise preparing the first
waveform generator composed of an external waveform
generator optionally connectable to the controller and the
second waveform generator composed of an internal waveform
generator integrated with the controller so that the internal
waveform generator is designated in place of the external
waveform generator when the same is not connected to the
controller even though the external waveform generator
should primarily correspond to the provided performance
information.
38. A memory medium according to claim 32,
wherein the preparing steps comprise preparing the first
waveform generator composed of a hardware module driven
by the controller and the second waveform generator
composed of a software module installable in the controller.
39. A memory medium according to claim 32,
wherein the preparing step comprises preparing the second
waveform generator copmosed of a plurality of digital
waveform generators which are operable based on different

algorithms to arithmetically create digital waveforms having
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1 .
provi sionally operating the conputerized waveform generator to carry out
trial creation of a nodel digital waveformwhile neasuring the operation
~sp eed at“whi ch*t hetrial-creation is carried out; optimally determining a
'sarrpll “ﬁMjmmuug:MEr able to the nmeasured operation speed; actually
operat| ed waveform generator to enable the sanme to
successwely corrput :sanpl e val ues of an actual di gital waveformat the
det er mi ned sanpling frequency; and genergging the nusical sound based on

t he actual digital 95 wavef orm according to the provi ded performance
i nfor mat i on.

different qualities, and wherein the operating step comprises
selectively operating an optimal one of the digital waveform
generators accof.}'i-ing to the provided performance information.
40, | A memory medium according to claim 39,
where-in the pre'p_aring step comprises preparing the second
waveform 'gén_era'tor including a digital waveform generator of
a Waveform memory type operable based on a relatively
simple algorithm to create a digital waveform having a
relatively low quality, and another digital waveform generator
operable based on a relatively complicated algorithm to create
another digital waveform having a relatively high quality.

41. A memory medium according to claim 32,
wherein the prepa;ing step comprises preparing the second
waveform generator composed of a computerized waveform
generator operable according to a given algorithm at a
variable opetation speed to create a digital waveform by
successively computing sample values of the digital waveform,
and wherein the Qperating step comprises steps of
provisionally operating the computerized waveform generator
to carry (_)uf trial’ t_:i_‘eation of a model digital waveform while
measl-_ii'i;ng the opération speed at which the trial creation is
carried out, optirin_'éll_y determining a sampling frequency

comparable to the measured operation speed, and actually
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operatiin'g-rthe computerized waveform generator to enable the
same tiq__s_'.uc_c:essively compute sample values of an actual
digi't?alé waveform at the determined sampling frequency
accortiiihg to the provided performance information.

42. - A memory medium according to claim 41,
whereip'_'thc determining step comprises fixing the sampling
f'requeﬁcy to one of the stepwise predetermined levels, which is
lower than and closest to the measured operation speed.

43, A memory medium according to claim 41,
whe;ciﬁ-thé operating step further comprises changing the
algori-tﬁm to raise the operation spéed of the computerized
wave_fo%rm generator so that the sampling frequency can be
redeterénined to exceed the critical level when the determined
sampl-‘irilg frequency falls below a critical level which is defined
to ensure a minimal quality of the digital waveform.

44, | A memory medium according to claim 43,

' whereiré;_ the changing step comprises changing the algorithm
from a complicated one to a simplified one such that the
computéeriZed waveform generator operates based on the
simpliﬁée‘d-phé of the algorithm to successively read out
pre_sto_r.ei'd ones of sample values to reproductively create the
digital \évay_ef_or_m.

45, A memory medium according to claim 44,

wherein the preparing step comprises preparing the
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computerlzed waveform generator which successively reads
out prestored ones of sample values which are prov131onally
computed accordmg to the comphcated algorlthm before the

same 1s changed to the s1mp11ﬁed algorithm.

c_lalm_ll., the method of comji)rising the steps of: .

providing performance' information;

preparmg a computenzed waveform generator operable
~ based on a given algonthm at'a variable operation.speed to
~ create a digital waveform by successively computing sample
_ values of the digital Evaveforrh;
prov1sxonally operatmg the computerized waveform
_ generator to carry out tnal creatlon of a model digital
waveform while measurmg the operation speed at which the
tr1al creatlon is camed out; |
_ optlmally determmmg a samphng frequency comparable
-_to the tieasured operatlon speed
actually operatmg the computerlzed waveform generator
to enable the same to. successwely compute sample values of
an actual d1g1ta1 waveform at the determmed samphng
.frequeney, and '

generatmg the musmal sound based on the actual digital
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