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rel ates” to-a' musi cal sourtd generator enployed in conputer applicati‘on
systens using CPU, such as el ectronic game nachi nes, network karaoke
appar at uses, personal conputers etc., and nore particularly relates to a

nusi cal sound —Ganah i i '

according to pgﬁ?ﬁmgm Y 5@&@%?%%%%%@%(5ﬁiﬁﬁggﬁr at us
such as a personal conputer | S n.he_r 0 d by neans of a
speci al i zed hardwar e mM@%@ﬁ%%?ﬁﬁcSQe@héWa sound source
board, and by executinpg prograns to control the installed sound source
device. Recently, performance of CPU in the personal computer is remarkably
i nproved so that the nusical sound can be generated by the CPU in place of
t he specialized hardware nodule. This sort of the nusical sound generation
is called "software soufBAESIGROUNIDE FSHE SENVIENIREDN sound sour ce"

whi ch generates nusical sound by the specific hardware. The CPU conputes
wavef orm data of nusical sound according to a specific program The quality

of the sound generqiRApbYsdriieimRiitich Geloteidt § WhnesiesP8adRd

generator employed in computer application systems using
CPU, such as electronic game machines, network karaoke
apparatuses, personal computers etc., and more particularly
relates to a musical sound generator capable of generating
various musical sounds according to performance information.
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 so
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 computes waveform data
of musical sound according to a specific program. The quality

of the sound generated by the software sound source depends



upon the performance of the CPU executing the program If the CPU has high

performance, the waveform data can be conputed at high speed so that %3 DEC 200

sanpl i ng frequency of the waveform data can be raised high to realize high
qual ity nusical sound generation. However, if the CPU performance is poor,
it is difficult to conpute the data at high speed so that the sanpling

frequency nust be lgqwered, This inevj.ta results in, poor uallt of the
reproduced nusiRan performapeg Aisihg Er:# H)e§9§'t1t‘ﬂg Phgrl%rq Iﬁe

variety in the conflwg atlon of éhe application ysteﬁ such t he
personal conpiteP kigheperfarmaneey the waveforay 138«@ ces.
Cenerally, the optional deV|ce I ncl udes a hard disk, a video card etc., in
br oader neani nepmipaiedeat hightspeast sediliat &raaenpimg frespiensmyt ohdhedevi ce
means an externally connectabl e device involved in the nusical sound
generation. Iwasbform detaehadbt haiséhbighoressalige dghi ¢qyabityt he CPU may
be different in various systemconfigurations. Further, in a situation

where an appl igaisiedl f5@adagericragine Heweverdf tamcmjt perfoxpphhcat i on
programto execute other jobs are sinultaneously invoked in parallel, a
load of the CRY §BYr, 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 optional 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 involved in the musical sound generation.

It should be noted that the processing ability of the CPU
may be different in various system configurations. Further, in
a situation where an application program to generate sound
and another application program to execute other jobs are
simultanebusly 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



vary dependently on the running status of the prograns and on theZ@tBEle?Um
of tasks currently executed in the system In this fashion, the effective
processi ng power of the CPU may vary in the same system Thus, a user must
rearrange basic 2 setup for the

sound generation whenever an environnent of the systemis changed, and that

sound 15 not Yot EeRsBEGT ] ReHeRastort e i HR s BFPAMGE 0™ one 1
any mss andsKki f tong occurs at, [;he, actual .reproduction of the sound.
' ot her wor di1e pYstam; ochanged, aRdatavh Iy ehKdaharions el ey

configuration is reasqnable until the soynd ig act uf”llly re(gr,oduced.
Further, no niXstemfobhe meermanny resiogvee whethem the faameisaotsound
generation hardware may be utilized in nmany cases according to the user's

desire in pragenergtedseonrectlie iihar duerentr confliguzation sefoip cuséd, afyl |  use

of the hardware sound source may cause a problemthat
miss and skip of tone occurs at the actual reproduction of the
sound. In other words, 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 sound 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.

SUMMARY OF THE INVENTION

The purpose of the present invention is to solve the
problems described above, 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



It is inpossible to generate a sound surpassing the limtation of grgaDEC 2000

facility of the sound generation hardware. A variety of
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U§ creates a

waveformto generate a nusical sound according to performange information.

The appar at us @@WﬁmlS@%ﬁtﬁr ﬁaweefombgﬁngmramﬂamegpgr

e for

creating a waveform second wavef orm generat or neans operabl e i ndependent|y
fromthe firstcmatéhgranvwpvefonnnrsaoeads wasref ormageneratoramesfagrsm i nput

means for providing

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 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, 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

waveform generator means and the second waveform

generator means in correspondence with the timbre

information so that the output means generates the musical



per formance information, designating means for designating at |east »3eDEE 2000
the first wavef orm generator neans and the second waveform generator neans

in correspondence with the provided performance information, controller

means for selectively operating the designated one of the first waveform
generator nmeans and the second waveform generator neans to create the

wavef orm accordi n 0o t.he pgrovide rf oy mange, 4 nf or i and out put
neans for genegtoé]tr&% qVHanﬁg(? EREC 8119553(?&01;111‘? ﬁ@egm%@gmgeform
Specifically, the ,_'tgpu neans, conpri ses nmeans 1fé(gr provi di ngr rf.?r mance

i nf or mat i on” whi ch EBRIGSFENALIRE B1¢MDIAAY i1B61ude areRpe QR @E’Z@'l y a tinbre
of the nusical  sound and tinmng |nforpatiqn effective tq specify a timng
of gener ati on dssitert fon cotnc iad.daagma@ng bash dﬁsﬁlﬁu%ﬁﬁg"&ﬁﬁﬁm
conprises neans for designating one of the first waveform generator neans
and the secondgiemeraetor megnaenal thermegond wavefomnpgenieradorvwineanshed t i nmbr e
I nformation so that the output neans generates the nusical

4 sourthatathegonteoBpeanéars operates biothhef shedifstewavefomny.
The designating nmeans may include neans operable if desired for

col e ert st chal e i oty nsecsornenaes, 0 e
of the first RVebREMtrently create waveforms in parallel manner.

The input means may comprise means for providing
performance information effective to command concurrent
generation of a plurality of musical sounds. Further, the
designating means may comprise means for designating one of
the first waveform 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 capacity sufficient to create a
number of waveforms corresponding to the number of the
musical sounds.

The designating means may further comprise means
operative when the number of the concurrent musical sounds
exceeds a capacity of either of the first waveform generator
means and the second waveform generator means for
designating both of the first waveform generator means and

the second waveform generator means to ensure complete

generation of the concurrent musical sounds.



generator neans and the second waveform generator neans to concurr&ﬁtDEﬁ 2000

create waveforns in parallel manner. The i nput nmeans nmay conprise

means for providing performance information effective to command

concurrent generation of a plurality of nusical sounds. Further, the

desi gnating neans may conprise neans for designating one of the first

wavef or m gener at o rmﬁns andse&-he second vvaveformggéanerator. nmeans accordi ng
Thg d

to a nunber of co L3k WAKGIREM BERGTAROTINGANS RIS, COTRRTISE 3 mance

i nformati on suc theit the designated one.has . a capacity sufficient to
create a nunbeterppl Waveirm generatoncmtigpally ernm ledo the nusi cal

sounds. The degj gnating ans y further cgnprise neans operative
when t he nunb%@n’aﬁ)ﬁqxerr@@ﬁtsu%é{% tggﬁe@andswrr@éormxg@mmf@rcnmm y of

either of the first waveform generator means and the second waveform
gener at or nealRY 6pMpESt Grmintrruedtiwaveforne generntonintegmtedneith or nmeans
and the second wavef orm generator neans to ensure conplete generation of
the concurrenthercenépdlleommetns 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 means, the input means,
the designating means and the controller means may be
integrated with each other to constitute a main part
composed of a computer, while the first waveform generator
means alone constitutes a supplementary part which is
separate from the main part and which is optionally
installable in the computer.

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

The second waveform generator means may comprise a

plurality of digital waveform generators which are operable

based on different algorithms to arithmetically create digital
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5 ' The first waveform generator nmeans may conprise an gxat er nal
wavef orm generator optionally connectable to the controller neans while the
second wavef orm generator nmeans may conprise an internal waveform generator
integrated with the controller neans so that the designating neans
designates the internal waveform generator in place of the external

wavef orm gener at or .when_the sa IS not connected to t control |l er neans
even though tH@aEQﬁ@m%tlh%ﬂgf‘gﬁﬂrﬁgﬁ&%ﬁéﬁle%hg:&r&hﬁ i Eﬁ?iqqﬁ@ €spond to
t he provi ded performance information. The second wavef or m gener at or
means, the i nfueamsamny caBIPRISE gna@nﬁéom@}@ctmdyt apeEaiingodNer means may
be integrated with each other to constitute a nmain part conposed of a
conput er, whi |gptiheal bnstofneveidigitay emeveloom gearsabdnaccordimig tves a
suppl ementary part which is separate fromthe main part and which is

optional Iy i nsflad pabvidéd pdroanapetdnhformatidie. first wavef orm generat or
means nmay be conposed of a hardware nodul e driven by the controller neans,

whil e the second V(Fh@fsﬁdaxﬂfw@f@fnﬂggﬁérm Aoy Bese dnefude 9of t ware
nodul e installable in the controller ans. The second wavef orm
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digital 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 according 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 sampling frequency comparable to
the measured operation speed, and means for actually

operating the computerized waveform generator to enable the

same to successively compute sample values of an actual



6 wavef or ms having different qualities. Further, the controf3ePEC 2008
nmeans may conprise means for selectively operating an optinal one of the
digital ‘waveform generators according to the provided performance

i nformati on. The second wavef orm generator neans may include a digital
wavef orm generator of a waveform nenory type operable based on a

relatively sinpl. | gorithmt reate a .digital ef.ar ing a
relatively | oa})ﬁ]‘gﬁfi ewetlgﬁgl Qﬁottclf?eae ‘EIHIBW%(? %@%@&qﬁg&%&or goper abl e
based on a relatively conpplicate | gopithmto.create another digital
wavef or m havREEORIHEY 50t/ PrﬂVlfﬁfcﬁ]I@%qurﬁnance InfOEMAINhG wavef or m
generator neans ney conprise a conputerized waveform gener ator. operable
according to a gi detgominhng éﬁealliiéflﬁéfw@n@ééﬁeam%ﬁﬂﬂ%g@éhmﬁgcreate a

digital waveform by successively conmputing sanpl e val ues of
the sample frequency to one of stepwise predetermined levels,

which is lower than and closest to the measured operation
speed.

The controller means may further 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 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 repioductively create the
digital waveform.

According to another aspect of the invention, 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



the digital waveform Further, the controller neans nmay conprise rre%r:\ss
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for

provisionally operating the conputerized waveform generator to carry out
trial creation of a nodel digital waveformwhile neasuring the operation
speed at which the trial creation is carried out, determ ning nmeans for

optimally determ ning a sanpling frequency conparable to

t he neasured

operation speed, ang for actual aperating the .conputeri.zed waveform
Gonerator ¢ Ao RBSed A roBiat allo Bl b A va IR P B CVAiaBS of  an

i gital, waveform at the

act ual

. 7 d
det er mi ned safREsdhFor erantena digitad ovavetprig hynsugeessively sempwhiaece

The determ ning nmeans may conprise neans for fixing

i nformati on.

t he

sanpl e frequesampple valuesfofsthe Wightapreareeform ntrial aveans fomhi ch is | ower

than and cl osest to the neasured operation speed.

may further cprpvissenallgngpexpting 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
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

The controll er

neans



means operative when the determ ned sanpling frequency falls below a
critical level which is defined to ensure a mninmal quality of the diﬁééa,}
wavef orm'for changing the algorithmto raise the operation speed & 3t 000
conput eri zed wavef orm generator so that the sanpling frequency can be
redeterm ned to exceed the critical |evel. The changi ng neans may

conprise neans for chapging the al ithmfroma complicated.one,to a
sinplified on&e&%ﬁ%e t%ﬁgtwg’?f@%] _ @F‘? f@HSWQ\TeﬁO&I}FYpM?QEWZ% %t es
based on the s'hgplif'ed one of . the al gortiag[nhto successively read out

prest ored onedhéfperiosmance wmtorraatbion:. o TRl gngl grgand eI
wavef or m Accordi ng to another aspect of the _invention, a sound

gener ati ng apgengrator meaaes adediigferent iaoni easht othrmigt dheim  nusi cal
sound according to performance informati on. The apparatus conprises input
means for prowtricigimesé dhatnideeir iprfomessinigohnad enpliichniraeterasbies afm
gener at or neans 8
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 optimal creation of a certain timmbre. The
preferred waveform generator means to generate the
waveform of the musical sound relevant to the performance

information is determined according to the timbre specified

by the performance information in the invention. The timbre

10



oper abl e based on a given algorithmat a variable operation speed t2)3cgﬂ‘atmm
a digital waveform by successively conputing sanple values of the digital
waveform trial nmeans for provisionally operating the conputerized waveform
generator to carry out trial creation of a nodel digital waveformwhile
measuring the operation speed at which the trial creation is carried out,

determ ning neans_for. optimally. detgrnii.ni a s ling frequency conparable
to the neasurgii%cgwfdppoﬂwypbgd{mﬁﬂa?a‘o‘lq gﬁerﬁ%ﬁ& ’crﬁglr{“}aféﬁgr ating

t he conputerized, wavef orm generator .o .enabl e tthe sane tq. successively
conput e sa'rrlel\cglalF’Lﬂéhve@ftl gt‘? &FCd &Flt% OYay SU6r ¥R gﬁ‘ét‘i@%ﬂ?@!’&ﬁim ned

sanpl i ng frquency, arld %tgut ans for geperating the nusical sound based
on the act ual Petyeen! thaissbamdasecnnr Wavelorhe generatier Ipeans, Maace

i nformati on. In the inventive apparatus, the input means provides the
per f or mance i gharaeteristicanll theemisi¢ajnsoind meyndifferceivends thiei ch of the
wavef orm generator neans should generate a waveform of the nusical sound

rel evant to tsameepeoforanarce nhiformatiom isTpeowided .olm gtdrezr wopdsyreans
specified by the designating neans is controlled to generate the waveform

of the nusi cebrivasndravefeasiofl thd heusiesl ebumac eahbomeprbdmcedlhus, the
performance information itself can specify which of the tfirst and second
wavef orm genewfiidl gBRepstingothé waveforms of the musical sound  ©

simultaneously by both of the first and second waveform

generator means according to the same performance

information, variations of the musical sound can be realized

for a common timbre by using the different waveform

generator means.

Due to conditions of the musical sound 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 primary waveform generator means should

deserve to generate the waveform according to the

performance information. For example, this substitution may

take place when the sound generating capacity of the primary

waveform generator means almost reaches its maximum

ability. In the invention, in addition to the performance

information, the number of the generated waveforms of the

musical sound is taken into account for determining which of

the waveform generator means should generate the musical

11



generate the waveform of the nusical sound characterized by the DEC 2000
performance information. The first and second waveform generator IZE:?A
different fromeach other in their structure so that their processing |oad
and characteristics of the generated sound may differ in the waveform
generation bet ween the first and second waveform generator neans.

the first weABrhIBRRIG bY THEIRBL BT BN PRET6NWGRolHB wave or m of the-
nmusi cal sound relevant to a certain event of the performance information,
‘and by sel ectqqmmté@e-ond wavef orm generator nmeans for generation of the
waveform of the nusical sound relevant to another certain event of the
per f or mance i nf orlyt tloe wayrite first anidsseensd raveloraujgeserater processing
| oad by controlling the allocation of the waveform generator nmeans to the
performance imfamsaarebhe samelin ilseipredeefrne gemetetorgrifunctiongsof t he
waveterm that the user may not use both, but may use only one. For

example, the first waveform generator means is detachable

while the second waveform generator means is permanently

installed. In the invention, if the first waveform generator

means exists and the waveform of the musical 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 .musica,l

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 originally 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

12



generator neans to generate the waveform of the nusical sound ac&o .ng to
a tinbre of the nusical sound to be generated, because a certain t:{/%[’of?ﬁm
t he wavef orm generator neans deserves an optimal creation of a certain
tinbre. The preferred waveform generator neans to generate the waveform
of the musical sound relevant to the performance information is determ ned

acoordi ng 10 LS hiTr 8¢ SREGHISSh Budde FEL LYo S Rbgr, 1 Lhe

may be included in the rformance information in the invention. As
described aboldne FEATTERd HET diier SRGamck VERYGEER ERBETAYQR THRNS 8 ond
wavef orm generator neans, the characteristics, of the nusical sound may
differ even i genpeateahie sgeaveforamef the musicabsonsdpr bhiegsamplingt her

wor ds, various waveforns of the musical sound can be reproduced. Wth

gener ati ng t hfrespeafay is detetrnin ed siccardsog e shentimanemasuyedybpot h of the
first and second waveform generator neans according to the sane performance

information, theiteidlonseanfs. tThusysheanusicaldsmand e & gerdrdted atcomon
tinbre by using the different waveform
the optimum sampling frequency for the system
configuration. 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.

13



gener at or neans. Due to conditions of the nusical sound generating,
there may be a situation where a waveform of the nusical sound shdd (Biﬁegugﬂ
generated by a substitute waveform generator neans, even if a primary

wavef orm generat or nmeans should deserve to generate the waveform according
to the performance information. For exanple, this substitution may take

pl ace when the sqund erati capaci of ..t he pripary wavef orm gener at or
neans al nost reaiﬁgélrgt lﬂﬁxﬁ?rlgﬁ’magfﬁ H@{?k 41%{??1151 FII& %131135?5 &n addition to
t he performance, inf o‘ra‘;ri!atgon, gh .numper, of the_generated waveforns of the
musi cal soundariiiaRept the srabegimentoshewneiy ABHgCwhi ch of the waveform
generator nmeans should generate the, nusical . . .
11 sound Higused®is vos¢chemaitic bleek diagoam mdusknading m conput ati on.
By the way, the first and second waveform generator nmeans are the sane in
t hei r wavef orangéreerwisiationuof thenembodinhent shewusén Figuneol. use bot h, but
may use only-one. For exanple, the first waveform generator neans is
det achabl e whi | &igheeseAoiRds Wrhehesticdsierialtigrmandlustragngaaant | y
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 map 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 program executed in the first embodiment.
Figure 10 is a flowchart illustrating the waveform
synthesizing program executed in the first embodiment.

Figure 11 is a flowchart illustrating the waveform

synthesizing program executed in the first embodiment.

14



installed. In the invention, if the first waveform generator neans egd&tts? o
and the waveform of the nusical sound relevant to the performance2 2000
i nformati'on shoul d be generated by the first waveform generator neans, the
first waveform generator neans is designated to generate the waveform of

the nusical sound relevant to the performance information. O herw se, the

second wavef or m gener at or. pean be.desjgnated,to generate the waveform
of the nusical soﬁﬁ@uﬁéﬂé’v}ﬁn@ fi‘b"r"?ﬁ@m P$fi¥|a1trﬂ?ﬁé7hien?v@ﬁ’ﬁ£@]ir@nsamlﬁﬁe first
wavef orm generator _neans is incidentally detached fromthe apparatus. The
wavef orm of t Walusitoading pragess egenlatqecijl indhee wesredprme gynyhesiging i r st

wavef orm generator neans can be generated alternatively by the second

wavef or m genepavgrameans. Thus, even if the first waveform generator neans
does not exist, the waveform of the nusical sound is safely generated.

In the invention, Fifaréil3sis antowehant iMayefasing dbrewaiveformassmgds
respectively conpute sanpl e val ues of the 12
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 embodiment.

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

15
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wavef orm of the nusical sound. The trial means neasures a tinme required
for the second waveform generator nmeans to generate the waveform of the
nmusi cal sound. The sanpling frequency is determ ned according to the tine
nmeasured by the trial neans. Thus, the nusical sound can be generated at
the opti mum sanmpling frequency for the system configuration. Cenerally, if

the sanpling_frequency is varj,.ed_ contjnuousl.y, an art¢.angenent to handl e
the frequency@IH¥ Qpnel%g(fsli‘]&ﬁ t}%(?\cli?e?%n{bé’eg%tlégnﬁl ?‘EEL@Q; However, in a
specific form of _the i ntion, the sanpling,.frequency . determ ned by the
dgt erm ni ng nean 1&”@222&% dds¢hermatia g&@lgghgg% ﬁﬁ%ﬂ@&lmﬁvel S. | f

t he sanpling frequency . determ ned by the determ ning, neans is |ower than
the critical anatdier varmatiomte whith theresentiinvesation és epplied.changed
since the quality of the generated sound is not retained by the original
wavef orm gener atiiigurat23 he adstleemiatbd béeclpldiagréme illestrpting o hi s case, it
Is preferable to change the conputation process such as to sinply read out
sanpl e val uefupthéheariutedorie whithehe 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 INVENTION

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 controls
various units composing a computer system via a data bus
12, according to a basic program stored in a ROM 11.
Numeral 13 denotes a RAM temporarily storing various
registers, flags and data. Numeral 14 denotes an I/O port of
the multi type which receives and transmits MIDI
information, key information provided upon key operation of

a keyboard (not shown), and other miscellaneous information

16



nusi cal sound in order to raise the sanpling frequency.
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic bl ock dlagram
illustrating a first enbodi ment of the inventive nusical sound generator.
13 Figure 2 is a schematic block diagramillustrating a
variation of the embodi ment shown in Figure 1. Figure 3 is a schematic

bl ock diagramillustrati.n not arjation hown in
Figure 1. Vl@r.vgm%uaAng%rfg:C@%Eva?a( 8W1)d|'—§%‘re Y XPﬁgﬁ/ (ﬁg an

arrangenent in which a sound source devj ce and its, peripheral (hﬁw ces are
i ntegrated wi Peréachrecedies performangeeinfprmationcietheifors edkths agr am
illustrating an__arrangenent in which a DSP and i ts]ferl pheral devi ces are
integrated wi MIBddnforimstion or the key information KBD. In the

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 generated 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 computer 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 keyboard 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
executed 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 application programs and
data. Numeral 16 denotes a display which is composed of

CRT or LCD (Liquid Crystal Display). The display 16

17
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Figure 5 illustrates operating nodes in the first enbodi nent accc&éipl%ct@m

t he present invention. Figure 6 is a nenory map of a RAM provided in
the first enbodi nent. Figure 7 is a flowhart illustrating an overall
process executed in the first enbodi nment. Figure 8 is a flowhart

il lustrating a waveform synthesizing programexecuted in the first
enbodi nent . Fi

igure 9 is.a, flowhart illuystrat,.l eform
synt hesi zi ng P6§FA yasansedata yndes Ftlgtc%#ﬁeiiimg@ HﬁUWTéI gure 10 is a

flowchart illustrating the waveform synthesizing programexecuted in the
first embodi m%umeral 1 Fidgmodes an opiianaleeproqesses iwhichngxedetegayef or m
synt hesi zi ng program executed in the first enmbodi nent.

14 floating point computation instead of the CPU 10. The rest

of data processing is carried out by the CPU 10. Numeral 18
denotes a timer which counts time in timer processing
described later. Numeral 19 denotes a DMAC (Direct
Memory Access Controller) which transfers 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 embodiment.
Numeral 20 denotes a RAM which has a structure similar to
the first-mentioned RAM 13 with respect to its hardware
construction. However, 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 converter which is enabled when a

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

18



Figure 12 is a flowchart illustrating the waveform sanple value | o2& BEC 2000

process executed in the waveform synthesizing program Figure 13 is a
flowchart "illustrating the waveform sanpl e val ue conputation process
executed in the waveform synthesizing program Figure 14 is a
flowchart illustrating the waveform sanple value conputation executed by
CPU in the wave ynt Zi ng gra ure 15.i | onchart

i 11 ustratingath %u%e ‘é€§g§“ﬂ}/ i aérmlgﬂ pmvad@aeaﬂ%et he
wavef or m synt hesi zj ng pro gure 16 is a flowchart illustrating
t he synthesi Aae Cﬁatac@fweaym IﬁhesEIE@t tuirerd dwer st i satplingef or m

synt hesi zi ng program Figure 17 is a flowhart illustrating a tiner
process in h@qmmeydsmﬁsﬁterﬁém B/ qomwrser 23, an LiRE €L6® Pass
flowchart illustrating a synthesizing process by a selected hardware in a

second enbodiFi#t¥r) 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 memory 25 and the RAM
20 is slightly different in a manner that the waveform
- memory 25 1s 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 memory.
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

19



Figure 19 is a flowhart illustrating a synthesizing process by aZQeDEEt@mm

hardware in a third enbodi nent. Figure 20 is a flowhart illustrating
a synthe5|2|ng process by a selected hardware in a fourth enbodi nent.
Figure 21 is a schematic block diagramillustrating a variation to
whi ch the present invention is applied. Figure 22 is a schematic bl ock
dlagran1lllustrat|n ot her variation..t l.ch the present .pnvention is
appl | od. THary 53 ey net %}s%@llsadﬁﬁlm SeRER WW& 22ﬁsn@na

further variakhgn to mhlch the pres i nvention is ap L Figure 24
is a schemati£ M| Berthasy eV iaeFh Ja@hrﬂgelwr@tt% 2 Tasikal SpERdbYon 1o

whi ch the present invention is applied ure 25 is a schematic bl ock
d|agran1shomnPQIQHIH§£®Mﬁ$bﬁanQWW6dd@éﬁm'Eheﬁa WUnlrecogniagsi cal sound
gener ati ng apparat us. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

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 address 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 recognizes the existence of the corresponding

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.
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Details of enbodi ments of the present invention will be described h
with reference to the drawings. Figure 1 is a schematic bl ock di agr
a first enmbodi nent of a nusical sound generator according
invention. In Figure 1, nuneral 10 denotes a CPU, which co
units conposing a conputer systemvia a data bus 12, accor
program stored_in a ROM 11. Nuper al ,13,d§i10t ei a RAM t enpo

showi ng ’
pr esent
vari ous
a basic
storing
of the

vari
mul ti

ddeweveg; $hereonneetjenapeortdia not Nimih

togt
type which receives and transmts MDI infornation,

i nformati on pr2wiTise opoon iledevpmesatiagh bef corn éehedoaial senistl/ proak]
ot her m scel | aneous i nformation 16

via various iinterfazess thtbughowhitlowarh déeiceutairiesy patidataport 14
receives performance information in the formof the MDI informatio

key i nfor mat ifan€Betidm nhfitually with the CPU 10. In other words, any

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 interface 27 may be
provided with an additional D/A converter 28. Otherwise,
the sound source 22 may be provided in the form of a discrete
LSI chip, or mounted on the daughter board. The 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 provided 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
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present enbodinent, it is assuned that the perfornmance informatiogmb? Uﬁ'
generated by an automatic performance program In this case, the t'g
performance program neans that the performance infornmation is generated in
time series by a certain automatic sequence program Therefore, the
arrangenment shown in Figure 1 works not only as a nmnusical sound generator

but al so a seguencer. The ty, L/ F be. a,serial o ral |l el port,
RS- 232C, RS- 58 sound sougge gp@ﬁﬁd@?“ﬁ&%@ B#aI%gﬁf?f{:,tBt conput er
system conmmupicates with a host station thrgugh_a publi el ephone
network by a Wﬂﬁﬁt%h&ﬁﬁromﬂ the Eﬁlﬁ ﬂigdtn Eé&&%"e %&]If)ﬂ‘ée sf or mance
information may be the keyboard in case that the keyboard operation

i nfor mati on ithepdata ¢am berdistribaxedr divectilyyotdhromgde the exfieasiont he 1/ F
in case that the MDI information is provided, or a sequence program

execut ed by thterfRee] if tlas DFPaR1tdresaundnedurcep? fisrimsbakedi nf ormation is
provi ded. Nuneral 15 denotes a storage unit, which is conprised of FD

(Floppy DisktheoupR {igrsdcles lor thdkktehsionommtertaceld further stores

application progranms and data. Nuneral 16 denotes a display which is

conposed of 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 transferred to and from a CPU system 30
without using the data bus 12. The CPU system 30 is
composed of a standard arrangement 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 operators. 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,
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CRT or LCD (Liquid Crystal Display). The display 16 23 OEC 2000
17 presents various data under the control of the CPU 10. Nuneral

17 denot'es an optional co-processor which executes floating point
conputation instead of the CPU 10. The rest of data processing is carried

out by the CPU 10. Nuneral 18 denotes a timer which counts tine in tinmer

Acocss Cont r SoaiZnnel, SRR e ar %‘3’33@3%@& o R éa%ee ATy

wi t hout the control by CPU. Novva ays t he sor tiyrer 18 and
DVAC 19 may @@mﬁwmwamna@atwoa STHEh @Scnug?uco @E O Jﬁlﬁf‘@ﬂC 10, though
these are discrete devices in the present enbodi nent. Nuneral 20 denotes a
RAM whi ch hasnayshe ursedr as ghei data icomimiicasionrenedimed RAM 13 with
respect to its hardware construction. However, the RAM 13 is used as a
work area for tHg ghogframgexeent shovway itﬂl@igﬂ?@ 4Mhi flee sbendt seurdAM

device 22 may be integrated into a single chip, or into a

printed circuit 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

upon 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

generate 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

creating a waveform. The I/O 14 provides performance

information. One of the first waveform generator and the

second waveform generator is designated in correspondence
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20 is a waveform nmenory which tenporarily stores a waveform reprefggbﬁs by
wave data. Numeral 21 denotes a DSP (Digital Signal Processor) for n2000
digital signal processing required for nusical sound synthesis. Nuneral 22
denotes an optional sound source which constitutes a first waveform
generator of one chip LSl for generating a waveform of the nusical sound

Whi ch i o enadTa themiaviedy Hiter@bnes WP Rlptidn Bhb SRl A
(not _shown) Relecsively gpprakesddie designaled REoLthe drsPvAKEA 0 | o read
out at a sanpling frequency fs. After the D/A converter 23, an, LPF (Low
Pass Filter) genenstomnlangd pﬁexﬂe@@ad( Waveipmngenerat@rofe creatfithey of the
LPF is set to about half of the sanpling frequency fs. The LPF iis an out put
devi ce of thevaveforat ascondingherthteoprovidedrpsrformengeednformafiotuced
through an anplifier and a speaker. Nuneral 24 denotes a RAM which is
structured $ThHelPAG 23 gehersWd (i3e anudidalisounddpsed on the hardware

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 waveform 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

24



construction. The RAM 24 is utilized as a work nenory for the arithnetic
operation of the DSP 21. Nuneral 25 denotes a waveform nmenory whi 02 itﬁfces?
wave data of basic or typical tinbres in case that the sound sourc 008
generates a nusical sound according to a waveform nenory readout et hod.
The role of the waveform nmenory 25 and the RAM 20 is slightly different in

a manner that the veform nmenory 25 igeused mai nly by ihe sound source 22

and is provi Jousical; spnnd ganpraten Gan JCRUPBOEFZ85b A% SDAMT et he RAM 20 i s
utilized by the CPU 10 as a waveform nmenory. Cenerally in the
arrangenent abige §pmeteléwocsajorcgrasps,oone efegbich relatespt@1, sound
source 22, RAM 24, and waveform nenory 25 are often optionally installed

accordi ng to demghatmmwiofe syhthedizRiMmdéthed pand tise dthed, ofawddehai n area
of the RAM 13 is allocated for the DSP 21. The waveform

19 mardaes?bo rAloditioReofl Aialbedtd thehdiffedend wavefam2 is an FM

synt hesi zi ng devi ce which generates a nusical sound by pure conputation of

e oL TRl SRS a (o R SprEes e,
existence of ghecific 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.
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the optional devices according to one of nethods |isted bel ow o

(1) A port address is reserved for a correspondi ng device connec{glm. 2000
The CPU 10 accesses the port address inmediately after power - on

or reset of the system If the CPU 10 detects a predeterm ned sign
fromthe port address, It recogni zes the existence of the

correspondin devi cey, . ...A junper switch js provided for

si gni fSi ng %‘Mtﬂé‘)é&;i@‘@@ ﬁ%m%@?ﬁﬂ%%au"g%{tmxﬁr@ esqk 88h on

at the time of Lml i ng, the correspondi ng, devi ce. (3) If the
systemis inple §0HQ1CBSQBF%I£@I Synthes;@mgtaes@unde ‘Obei waxe devi ces are
registered in a configuration file in terms of corresponding device
drivers or in a hatehis generated bysreahtioie WVemodulationgoveres t he devi ces
t hrough these files. Al'l these optional devices are fully installed
and connected t dbddie sineawhve b2 meandefwhes@RUet®odi ment .

Harmonics synthesizing mode: The harmonics
synthesizing mode is such that a fundamental waveform
and its harmonics are synthesized altogether. With the
real-time operation by the CPU 10, a fundamental
waveform and its harmonics are calculated to synthesize

the waveform.

Wave form memory 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 accessing RAM or ROM to read out wave
data. 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
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20 However, the connection port is not limted to the data bus
12. The optional devices may be connected via serial/parallel interfaces,

t hrough whi ch each device carries out data transaction nutually with the
CPU 10. In other words, any kind of interface is possibly provided for the
optional devices, provided that the device can communicate with the CPU

t hrough the inter

fiace., For .exanpl e, the sound sourc 2 ctually be
provided as a sodl %ﬂ(ﬁgl%ﬂn‘é"%ﬁe éﬁ%ﬁrf’m@xtsé’n&‘%ﬁ S§85f%g{%§)%s"?‘lom in
Figure 2. In this. case, th 0 1.L,s ipserted,into a slot on a nmain
board or not her ﬁ%&reawﬁtﬁ%%gl\zfobﬁ% QQMY4?e&ﬁHﬁﬁfcat es with the CPU
10 through the bus 12, 1/F controller 26, and extensi on@%ﬂerfa e 27. The
wavef orm nenory ZCBCQ?@}'OD@HYngﬁ‘}@W,eﬂlQ W@Yﬁéﬁrﬁl 1RSIy prafeWednofdet he sound

source board 41 in this arrangenent. Additionally, the extension interface
27 may be may not be used preferably under some situations

dependently on total RAM capacity and CPU addressing

volume.

Physical model synthesizing mode: In the physical
model synthesizing 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 source 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
different qualities. The inventive apparatus selectively
operates an optimal one of the digital waveform generators
according to the provided performance information.

Specifically, the second waveform generator includes a digital
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provided with an additional D/A converter 28. Otherwise, the soumw%m
22 may be provided in the formof a discrete LSI chip, or nounted on the
daught er board. The chip or daughter board is installed through a socket
provi ded 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 commgi cg{% wth the CPU 10 vi (iph xt ensi on
interface 27.W&YHOIR SENHRLOD Vray eH 1 BYATRELY i hP AR ﬁYPr?of a

di screte LSI chip,l t he

I kewi s . . . 21
sound source Oi’zﬁr&hl@ﬁi’@ﬁ%f oga2 Felativelnsiteple @lgerithan ty areatfdrter 23

t hrough the bus 12 in Figure 1. However,, iﬂ?ﬁ data can be disiributed
directly or tdigtiednwenefarradraviag airelatively low qpﬁiltmspnzllo eSound source
22 is installed through the socket or the_extension interface.

digital waveform generators 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 channel 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 realize concurrent
sounding of the plural voices. Since the wave data can be

synthesized by both of the CPU 10 and the sound source
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(3]
As shown in Figure 3, a first waveform generator or sound source sglgt QEIY\SQDM
conpri sed of the sound source 22 or the DSP 21 can be connected to a | ocal
bus 33, through which the data is transferred to and froma CPU system 30
Wi t hout using the data bus 12. The CPU system 30 is conposed of a standard
arrangenent including the CPU 10, ROM 11 and RAM 13, whil e peri pheral

devi ces 31 inc]ude Lti ,type I/O port 14, storage .unit , and

m scel | aneous AG|ERr: é’ésﬂ]&nﬂr%‘ifé}ta?%ﬁ%qiim@lgoiﬁigcgﬁ'ﬁrQg%gﬁst em32 is
specifically conposed of the discrete sqgund, source 22 or DSP 21_in the
enbodi nent .~ H¥RVelorm generatars ta mﬁm%h‘am BnPashast Assuendnpusi cal
sound generation are involved in the sound source system 32. The sound
sour ce systemth2 ppgsend einhadiraent] optimom cnsaphithd waveiamme CPU syst em
30. Further, the connection interface can be provided at either of " the
CPU si de and tgemesabors $odesignebede acsortingNeorthy, vaive allonation on

I nterface may be enpl oyed according to the inventive system setup.
Additional Iy tpéherde§rin@usnoddon 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 sound source select
mode, the waveform synthesizing is effected by the
hardware sound source at first priority. However, if the
capability 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 exceeding the

capacity of the sound source device 22 is carried out by
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sort of interface/protocol conbination such as MDl, 23 DEC- 2000

22 RS- 232C/ 422, | EEE P-1394, or SCSI may be enpl oyed. Al so,

comuni cation network such as public tel ephone network rmay be used as the
dat a communi cati on nedi a. In an arrangenment shown in Figure 4A the
sound source device 22 nay be integrated into a single chip, or into a
printed circuit b &liggf ether with the waveform nenory 25 and the
D/ A converter 23.F es%%d $oulif€qure 4B, the DSP 21, RAM 24,

and D/ A converter 23 nmay be |nt egrated altogether into a single chip.
The arrange s_shgwn in Fi s 1to 3 are,nothin but _an anpl e. The
style of the pua Bﬁﬂ@& g(h g‘@ %uglcﬂflevhtél? Hgﬂ/irﬁﬁgl a;@stem set up.
Further, two or nore ﬁ )

specifies either of the software and the hardware sound

sources. Further, a specific synthesizing mode is

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 user’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 or 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 areas as shown in Figure 6. In Figure 6, an
OS area is occupied by the operating system as in the general
personal computer. The application program areas (1) to (n)

accommodate various application programs other than the
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the functional elements shown in Figure 1 may be integrated into a single

chi p.

According to the invention, the above constructed nusi

generating apparatus creates a waveformto generate a nusical sou

according to performance information.

t he sound

second wavef Qrm gener at or.r.conpesed of the U 10_is__operabl e independently
fromthe i r SVAVEPERb A beSrRRE Prdkhraiey dEhng Anels slBiveSind | 0 14
provi des performance informatio e qf the first waveform generator and

the second WP 4§
w th_ the provided perfornmance infornmation.

23

ata

RErdrenyak 1GaddOn PEQETERH0

sel ectivel y @l atberimaserdlanpmrsedabaerss stared in e dabs erepmwhile

the wave data is loaded into a wave data area WAVE when
the synthesizing is carried out by the waveform memory
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
synthesizing 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
synthesizing 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 applications
(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
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A first waveform generator such as
source 22 or the DSP 21 is operable for creating a waveform A

The appar at us



generator and the second waveform generator to create the waveforﬂ3 OEC 2000
according to the provided performance information. The DAC 23 generates

t he nusi cal sound based on the created waveform The first waveform
generator conprises an external waveform generator optionally connectable
to the apparatus while the second waveform generator conprises an

I nternal wavefQrm genes-ator . j g it 1 y qpnal |y, the
i nt er nal mv@r‘ﬁm@zﬁ%ﬁ‘%& r¢§és§eé€5ﬁ§t(2’§ gn&e%f@(::éted 'o?n Fﬁ&éﬁ% e(rB[r%aI

wavef or m gen tqr when.the sane is n copnected.to the ar.at us even

t hough t he egirﬁhq anﬁm%%mmgh)sﬁﬁmWaﬁféf%ﬂiﬁw@fﬁ%%@%nd to the
provi ded performance information, The second waveform gener_atfr S
i nt egr at ed winnegrasm crodithe @primtwmlér%rmdn pare respeeldwalvft a
conputer, while the first waveform generator alone constitutes a

suppl enent ar yexeautedhi Thei wavefsanatsynithesizing peograparis execuiteidchoi s
optionally installable in the conputer. The first waveform generator is
conposed of gdnwrdtarcnemduigedvalenobyheheate\daie, amﬂeacyt?eoesecond

wavef orm generator i s conposed of a software
the program invocation. The application programs (1) to (n)
do not include the waveform synthesizing program. These
application programs may be related to music performance,
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. Otherwise, if there is a change in the execution
status of the application programs, such a change is detected
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
execute a new application program is added in the loop, and
the whole loop is executed repeatedly. Thus, 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 situation of the

application programs, one sample value of the wave data of
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nmodul e installable in the conputer. Vari ous operating nodes i 'ZBhBEC ?ﬂﬂﬂ
present enbodinment will be described hereunder. The operating nodes of the
i nventive . 24 nmusi cal sound generat or
can be categorized, as shown in Figure 5, into two mgjor groups, one of
which relates to designation of a synthesizing nethod, and the other of
which relates, to aIIoca[tion f. a.tinbre to the different, K wavefor
generators. ThB€tTYSH &Olg?‘gdﬁsalwsdg%m%e nP8L r]f‘BPB-s‘e}e?ﬁrW%O des.
First of all, the nodes to specify the synthesizing nmethod will be

descri bed her thadample values ase [genesated montinmeausly by seperbiggneration is
carried out by synthesizing a waveformor wave data of a nusical sound
according to the lpepf to masabe ianflesiradi wayefortn byl hosyHr thagenterabed an

anal og signal. The wave data can be generated in various nethods. The used
met hod is det erdvenddtadewidiply tonvosedpaitatl andanaldy signdli ¢chet he

synt hesi zing nethod is specified. In the present enbodi nent, CPU

synt hesi zi g gpasp e feriscRndarCSe MM ietdr enapribcy e theur ce

synt hesi zi ng node byt first waveform generator are assumed by sel ecti on.

nes 5 by ! . . h
Icgut 18’ OE Egi’%ﬁiﬁ’gﬁﬁgﬁﬂo@gf‘caﬁlﬁsedﬁﬁd.caﬂ‘hé‘El‘é{tﬁ baffeysvARddoBeoy the

the D/A converter 23 in order to temporarily 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 personal
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 be eliminated.

The waveform synthesizing program executed 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 predetermined operation. In step Sal,
the synthesizing mode and the hardware setup are checked.

In the hardware setup check, optional devices are recognized
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CPU 10 and the co-processor 17. Further, the CPU synthesizing modeachDEC 2008
roughly be divided into the follow ng four subnodes. The gener ated waveform
is converted into an anal og signal by the D/A converter 23 for acoustic

r epr oducti on. 25 FM node: This FM

node utilizes a software rmdul e of an FM sound source for synthesizing

a sound. The wave ener g r eal EM nmodul ati on over a
basi ¢ sine waly bl ‘:ﬁﬁ'}f( descrl ec(ji glﬁf@ﬁ@n|6§ @rﬁhfégpﬂfﬁ&n(ﬁ)de The
har noni cs - sy nt hesi zi n% node i s such that a fundanental waveform
and its harrmmodeaﬂa@thynf bei syt hesizipgt morde wndhtheaeroice allecationne

operation by the CPU 10, a fundanent al waveformand its harnonics are
cal cul ated torsgdehess zhecked tasewellv ROt resypece tioothe Imjm'a\,tmgadout mode:

In this node, the
mode setup, if other application programs are executed before
invoking the waveform synthesizing program, the voice
allocation mode may be turned to the compulsory mode.
Otherwise, the synthesizing mode and the voice allocation
mode may be set up according to the user choice via a
displayed menu to input desired settings. Further, 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 program.

In step Sa2, waveform loading process is executed. In the
waveform loading process, typical or basic 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 sampling frequency fs is
set up in step Sa2l, or if the waveform memory readout mode

is designated in a backup waveform computation mode. The

procedure advances forward to step Sad4 if the flag SETFLG
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sound i s synthesized by accessing a waveform nenory. Prior to tige3 DEC 2000

synt hesizing, the CPU 10 |oads a plurality of basi ¢ waveforns into the
RAM 20. Upon a synt hesi zi ng command entry, the CPU generates the wave
data of a specified tinbre at a specified pitch and vol une by
readi ng out the waveform In the waveform nmenory readout node, it is
ossible to sy es] z a soun ve with a Io erformance CPU, since
![Dhe synt hesi 2§ EI& therwigey i ﬁﬁgb»‘i'EéEEL&uﬁ Qi’AMhﬁ PR@Wdureead out
wave dat a. Thus a work load of the CPUin this node is smal | er
than that injumpsFionsiep oad.tlecase thatddhe Wavéthﬁmlﬂwagzn@e However ,
t he RAM shoul d be al | ocat ed

with a wave gabgraneas eseecuiat ishbhe dgepash@wn in Fﬁgaeeé?r ed thfe fihst RAM 13
or 20 may be caused
"~ time, the flag 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 is recognized 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 Sab, a flag ENBLFLG is tested if it is “1” or not, in
order to detect a nonoperable state. The nonoperable state
means that the sampling frequency fs is neither set up in the
waveform generation procedure, nor the backup waveform
computation mode is enabled. Therefore, 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
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DEC 2000

occasionally. Thus, the waveform nmenory readout node may not geaused
preferably under sone situations dependently on total RAM capac
CPU ‘addr essi ng vol une. Physical nodel synthesizing node: In th

physi cal
of an actual

nodel synthesi zi ng node, the sound generation mec
nmusi cal instrunent, such as air flowin a tube, is

sinmul ated by an el ectronic nodel in order .to synthesize the squ
wave data is convepdemce of descriptéan. tThe epenahlestase M@anﬁetshatn@ﬁu
the CPU 10. An exanple of the algorithmfor the hysi cal node

synt hesi zi ng ithedpsepasetdon for the UPB- §pntldddiging is alveady sted above, the
CPU- ai ded software sound source or the second waveform generator in
a plurality Ofco(ﬂh?léb%ﬂ. Mavhiostates tdleap oo Seditie Adaasces doablagdbts ed

different algori

hnms to arithnetically create digital waveforns hav

di fferent qUa'sitéj)@aG,T%éréVﬁfBéééﬁiI?@Mrﬁéﬁérﬁﬁrﬁﬁ inflrymation 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 contained
in the keyboard information KBD, MIDI information or
performance information fed from the I/F under the CPU
synthesizing mode. If the CPU waveform 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 synthesizing 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-off,
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 waveform generation and
termination of the waveform generation. If no CPU waveform

generation command is detected in step Sa7, the waveform
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operates an optimal one of the digital waveform generators accord?n’b DLEQ ?ﬁﬁﬁ
t he provided performance information. Specifically, the second waveform
generator includes a digital 27

wavef orm generat or of the waveform nenory readout type operable based on a
relatively sinple algorithmto create a digital waveform having a
relatively low qualjty, and other digital wavefqQrm generators operable
based on a r dyatheslzingcepmpuiatien angwent Aadtis P ,anBeadhedegi t al
waveform having a relatively high quality. . . On the other hand, in the
har dwar e sourid m@jobeto denerestitachglnmstiep 34, ruis tedtedowdetbersynt hesi zed
using a specific hardware such as the LSI sound source 22. As a matter of
course, in tHesrmwdging epdratitmarcd thedulareforin spnthesizing program

is conducted by the user or not. If the termination of the

program is not indicated, the procedure immediately returns

to prepare for a next CPU waveform generation command.

On the other hand, in case that the termination command is

inputted, the waveform synthesizing program is terminated

by setting the flag SETFLG to “0” in step Sal0.

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 and 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 “1”.

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

procedure shown in Figure 11 is executed. Otherwise steps

Sab to Sall are executed if the waveform synthesizing is
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| | UkG 2006
the LSI sound source 22 nust be installed in the system The LSI #ound '
source 22 synthesizes the wave data by the FM node or the waveform nenory
readout node (likewi se the software sound source). The synthesi zi ng et hod
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

t he present enfodi t, muj ti of voice channels are provided. One
channel is alqr%@é@gggngbhé ?dﬁtﬁi]ﬂ either of the CPU synthesizing node
and the sound source _ synthesizing node.. A plurality_ of nusical sounds are

generated in the Qul thelasher hardcmererelit is clateated dhasndig rent  sounding

of the plural voices. Since the wave data can be synthesized by both of
the CPU 10 arallo¢atisnumbdous etther of the CPU or sound source sel2gt

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 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 D/A converter 23 to prevent sound
generation during the trial waveform computation described
later. After step Sal3, registers SCOUNT and TCOUNT are
reset to “0”. The content of the register SCOUNT indicates
loop cycles of the following trial waveform computation. The
register TCOUNT incrementally counts up while the flag
BUSY is switched to “1”. Thus, this register indicates a lapse
time required to generate one waveform by m cycles of the
synthesis computation. In step Sal5, one sample value for
one sampling period is generated by the execution of a

predetermined wave data generation algorithm. The detail of
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device 22 in the present enbodi nent, selection of the waveform gen g;gﬁﬁ oy
to be utilized is an inportant issue. In the present enbodi nent, o?i ?DUD
one of t'he waveform generators is designated according to the voice

al | ocati on upon accepting a note-on command. The all ocation node includes
the follow ngs: CPU select node: In the CPU sel ect node, the waveform
synthesi zing i s effected by the CPU synthesi zi ng,_node at first

priority. Hovdeeprocessing imaptep Dalp willibe deseplhedhdater. Injstepes

including the CPU 10 is not enough, the nunber of voi ce channel s which
can be used f3al6htheywegier SCHUNT issindreimented bysiith whenswer a part of

t he wavef orm synt hesi zi ng operation exceeding the capacity of the

conputi ng devﬂheesairgﬂkeuamm@ tompiation iis exadited onite. In digpt BalfFar dware
sound source. Sound source select node: In the sound source sel ect

node, the V\’a\i%figrﬂ@s%’@ti!ﬂﬁbﬁezfé'%stéc SU@UNT PYaths c?/cl_e HardwWaf ¢ sound
However, 1 f the

source at first priority. , capability of the hardware

sound source &&@F@gd%ﬁd,Stlrf€h)ro.cedu%% nk% 8215 Oferhasgel s which
can be used or the synthesizing is limted. 'n such a case, a part of
the vavefor mﬁ?’en%)?g%'eéﬁ?g PR SS e e) rﬁ%ef)hgam in Figure 10 in

case that the check result is YES. Thus, the steps Salb 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 is 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, considering 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.
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capacity of the sound source device 22 is carried out by :
29p y' the CPU software sound source. Manual node: In the rza%upﬁc 2000
node, the user nmanual ly specifies either of the software and the

har dwar e sound sources. Further, a specific synthesizing node is
designated if the CPU aided software sound source is speci fi ed.

Compul sory node: |n the conmpul sory node, the sound source to be used is
forcibly determ nEbuacébedraguency Fs lagedt by ¢ her egppriagndl drispr ogr ans

ot her than the sound generation programw thout regard to the user's
intention. the #reqgeremcy ofithefwamefday sdnplingy) amd|theecdrstaited

her eunder. The arrangenent of the inventive nusical sound generator is not

so different ‘marggeheetectethennlocessiig powerrof therhatdwagenetap. per sonal
conput er can be used as the nusical sound generator provided that it

executes operati qassteld S, i@ ishbeteRyed ArRetlat BRI Galctidied t he content of
the RAM 13 or 20 is not so different fromthat of the personal conputer.
r

The memory Sg?gﬁugﬁ%{_rr]f% ?é:ﬁ‘ééét&gtﬁgﬁi 52 dRy BionbB! TRiPEMERIAILY of areas

as shown in ure 6,

frequency “32 kHz” is employed considering the minimum
quality of the musical sound to be generated. If this detection
result is positive, which means that the processing power of
the CPU is evaluated as sufficient for maintaining the
minimum quality of the sound, the procedure advances
forward to step Sa2l. In step Sa2l, 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 Fs is selected because the constant
margin does not make sense if the sampling frequency 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 indicates that the

sampling frequency fs is set up. Consequently, the
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OS area is occupied by the operating systemas in the general per"zagamc Fa
conmputer. The application programareas (1) to (n) accommodate var4 Bus
application prograns other than the

wavef orm synt hesi zi ng program These areas are allocated one by one for

t he invoked application prograns. Song data and ot her m scel |l aneous data
are stored in a data aJyea Ve ta is lhqaded,into a wave data
area WAVE VWerﬂl?HBPQ?I{)fFegF%enbs F@a’egmﬁi%gﬁﬁtoIfﬁlratkﬁ &f orm menory
readout net hod. desi g ed ope of wavef orm s nt hesi zi rograns
is stored in a \/va\a/.@%1 %&% %étaﬁﬁaoﬁpﬁﬁ peaext W@B&ﬂ?ﬁ%n of

t he nmusi cal sound generator according to the invention wll be described
her eunder. Thewawefern sytitesizingepeogram, heskeolistepy Sak pesiktsdan
application programof the personal conputer, nanely, the waveform

synt hesi zi ng ptbigraso tBalberlvd senthésizimgy &f domeslynttthesprooessipgadreavmmmay be
I npl emented as a facility of the OSin the formof a transient program

which is autongt Riglhty 11n$f ¢hé edavéforhe syinthesizikgathdildobetdrrisdt em Even

t hough the nenory address and execution perm ssion of the waveform

synt hesi zi ”9 P ﬁ9 F\T%E%?na[‘ seod g5nAéd dRvite.t bﬁtk@vﬁ@é' IPBH@W , user
operati on, er application prograns, operating condit lons étc., the
wavef orm

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”, which means that the minimum quality of the sound
cannot be retained, the procedure advances forward to step
Sa23. In the step Sa23, the 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 memory readdut 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 Sa25, where original

waveforms are prepared by the primary computation mode
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synt hesi zing programis executed as one of the applications (1) to %n Bﬁﬁt
Upon_power-on or reset of the nusical sound generator, as shown iqz iQE@J
7, various registers and flags are set/reset for initialization in step Sl.
In step S2, system 31 adm ni stration
process of the OSis executed. In steps S3 to S5, the application program

(1), the wavefar § 2] | cat (n) are
respectively é‘ﬁé%f%gwﬁiwan@]e%oﬁm%% ﬁggzl[;ﬁga‘ r%%?%mmgtgég’%l ed to
gener ate one sangl e. valfe f the gave datla a ong cye¢l e of.the.program

i nvocation. TRSUAFIS GYHRILY gepgpdmsed, ey %]ﬁ‘? SEErELVARHTHE B he wavef or m
synt hesi zi ng program Thtz_fe apqlic tion pro%rajﬁ_I may.be related to nusic
perf ormance, &¢agOwhat tdie sSaMplne Arequency 2 7erW§1t1‘§|?31§5, t he procedure
returns to S2. If there is no change in_execution status of, the

appl i cati on prugoamatically detrnainesk Thuss; the wayeborul syrthesizing

O herwise, if there is a change in the execution status of the application

programs, suchs affebbederirtusldy ewithdthatwahefosys asnesly pésdoati on process
in step S2. If the change of the status is of programterm nation, the

Change of the St ar e | 80t pr eor e mrat B e eR e ecu oa new

appl i cation peafrBaivetapiktBeven #fhd ReR péfrmance 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 calculating 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 finishes, by clearing
the flag SETFLG to “0” in step Sa27. In case that the
calculated frequency F's is smaller than 32 kHz, and the
backup waveform calculation mode is neither specified nor
the program termination is commanded, 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
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the whole loop is executed repeatedly. Thus, the executing period of the

| oop changes dependently on the running situation of the appli caiisg)rﬁEL ?_ﬁ%
prograns and the system | oad. However, regardless of the running®situation
of the application prograns, one sanple val ue of the wave data of

32 the nusical sound is always generated per |loop. A series of the
sanpl e values_are generated continueus|y by repeating ?ﬁp 00p to create a
desired vvavefwo’?%fse,a(tq‘uqtﬂéo n i’é&%&aﬁggﬁgﬁﬁ?aﬂ%%di 1% onverted into
an anal og signal,_the sanpling,pet i s,varied, .so that jitter occur
in the reproducedF RS FSuridie d@(’fdﬁ‘ﬁﬁ?@@#di‘é’aﬁ? Fﬁﬁﬁl}féﬁgﬁ’g the DA
converter 23 in order to tenporarily store the generated ve data of the

sound. The datQIUpURses ai compadeswed Wavelerpogeneationo lgata at a fixed
sanpling frequency fs. If the nusical_ sound generation is conducted by a
fixed progranateomling taiangieare algerithnhatsy sesipblesoperataopespenthl

conputer but a stand-al one electronic nusical instrunent, sound source

nmodul e, or anjo erbate aydigital mamiefigrim bacsuddegsiviedy gmmapattengound, the
execution period of the | oop process can be fixed. In other words, the | oop

D act el to rargae pilnss RN dIERel Qe RrRC IR, PORUIGIECd S of the

sanpling freauaReyofd gonéldor! BeprigidhdliFopfctatbd & batRAL:
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 the sampling frequency can be

redetermined to exceed the critical level. The algorithm is

changed from a complicated one to a simplified one such that
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The wavef orm synt hesi zi ng program executed in step S4 is described 3 DEC 7000
hereunder referring to Figures 8 to 11. The programis executed aft%r

| oadi ng thereof fromthe storage wunit 15 according to a predeterm ned
operation. In step Sal, the synthesizing node and the hardware setup are
checked. In the hardware setup check, optional devices are recognized

33 by,the check method described he o] tin

node, both oﬁhﬁh%olgmﬂﬁ%& Wﬁa%g%ﬁ%%ﬁq%ﬁ@g@ﬁ%@g%?@rg)qpn{@!}g arg
checked as wel|l. Wt respici]&t t he .0 e£ati ng node, setup, if other

appl i cation Byl 0 Ok &6t Oé”étflﬁfrf)]e ? fY6 ?%V?]&’erﬁ% '8t m synt hesi zi ng
program the voice allocation node may be turned_to the conpul sory node.
Ot herwi se, t lpresyord sinssnof saaxplandlues %I@Iéf(bdlﬂ%aﬁbbﬁr%%tﬁﬁy be set
up according to the user choice via a displayed nenu to input desired
settings. Furdigiral whvefoimuslhewamplavetueemaedeairitiaddpgni zed in the
har dware check, it is possible to set either of the CPU sel ect nbde or the
sound sour ce gaghpettedody. thEhosmplicateel ahgorathmy Ficts ,sdtaipainplet ep Sal
the operating node is set up and recogni zed before executing the waveform

synt hesi zi'ng {]ag5 &fe storednirsthe waveforaw ahenmotyo fici agtnabases is

executed. In the waveform |l oadi ng process, typical or basic waveforns are
under the simple algorithm of the waveform memory readout
mode. Thus, the inventive sound generating apparatus for
creating a digital waveform to generate a musical sound
according to performance information, comprises input means
for providing performance information, computerized
waveform generator means 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, 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 successively compute sample
values of an actual digital waveform at the determined

sampling frequency, and output means for generating the
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| oaded into the area WAVE allocated in the RAM 13 or 20 in case th t@f{: 0
basi.c waveformis used in the waveform nenory readout node. In ste?tga ; iZ(U
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 sanpling frequency fs is set up
in step Sa2l, or if the waveform nenory readout node is designated in a

backup wav | ) .

Sa4 i]ICO thee]: %gsi%% ﬁléig?ltd rzlise dgn t];r(]aeag{t?é:leg{Jgrfalagv\é%%%&?nf gé(‘:’@f(ﬂp?-- it ?p

O herwse, if the flag, SEJFLGis "O', the procedure junps to step Sa5. In
case that théovﬁlﬂapﬁﬁm@dnmﬁmycﬁr PEMAtEoRxecut ed in the | oop shown
in Figure 7 at the first tine, the flag SETFLGis "0", and the procedure
uncondi tional | y &yaheewafpifibherd is debecteaba posaibée usenef theocess of step
Sa4 is also described here, for convenience of description. In step Sa4,

it is testedhardivhere sbendosourceydénies fomthe wavefobm sgnthesdizang entirel y
by the CPU synthesizing node or not. It is possible to use the result of

the hardwar ejghsgp Sa4iheFi§@il~ef 80 tHet peocadeid Brranslies toestep Sa@8nd source

device is recognized or not: there is possibility of using any sound

source ot her iﬁ@ﬁ}ﬁ%ul% 922%%%;’ plgggt Eh%]Llﬁ;{%tDmENBL 84 erifddedtanches to

"No" direction. ste Is tested Iif it is "1" or not,

In order to dqbegl 3 HAWK BP)K bV Eter B POMRG A Re YR, In

step Sa29, any termination command for the sound
synthesizing program is detected. If the termination of the
sound synthesizing program is commanded, the synthesizing
program finishes by clearing the flag SETFLG to “0” in step
Sa31 through step Sa30. On the other hand, if the
termination of the sound synthesizing program is not
commanded, the operating mode is checked whether it is the
sound source synthesizing mode or not in step Sa32, if the
detection result of step Sa29 is negative. When the sound
source synthesizing mode is detected in step Sa32, existence
of the hardware required for the specified mode is detected in
step Sa33. This mode is specified upon the recognition with
the hardware check in step Sal. If the relevant hardware
exists, the synthesizing procedure is executed by the relevant
hardware in step Sa34. Otherwise, the lack of the relevant
hardware is issued in step Sa35, and the synthesizing process

is continued using the current hardware setup, if the relevant
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means that the sanpling frequency fs is neither set up in the wavef &DEE ?B“ﬁ
generation procedure, nor the backup waveform conputati on node i s enabl ed.
Therefore, the CPU synthesizing node is not yet ready in the nonoperable
state. When t he waveform synt hesi zing programis executed in the main

| oop shown in Figure 7 at the first time, the flag ENBLFLGis "O' so that

t he procedure V. o) t e t r ss under an
oper abl e st at ﬁ%ﬁ@éﬁ% i%égméﬁgﬁ?@gﬁzﬁﬁ@%@%%é?g Eg%%?:’r ?@gd here j ust
for 35 . . _conveni ence scription.

The oper abl e REAEIHIEEetuTES. F Pemthesizing PHICRSIE Rettrtigynt hes 2i ng
Is already conplete In.this state, the praocedure advances forward to step
Sa6, where pro"@i%%qe%glwd&@'rﬁoWhﬁh%‘fedieﬁFB%f %Ti s done. In step Sa7,

exi stence of a CPU waveform generati on conmand is checked. The CPU waveform
gener ati on conmandlhe wewefarmadonding gpmvess taxeguted-gnstarmaZont ai ned in
the keyboard information KBD, M DI information or performance information

fed fromthe I(Figurde8) widl bPldesowilhed lwreyndedewitlf referegrd tamvef or m
generation command is detected in step Sa7, the procedure responsive to the

command is exdeighae 19. dhethSavavdforihtodiageprbeesy, ittispdSaktetine wave

data is generated by a specific synthesizing node sel ected out of the

%}’ ii Lgﬁl/gr tCErU x%i@%ﬁ@ﬁ il MEDIRE8Sple dienpcntihad i fdreived ShiroRgted to the
the 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 Sb1l and Sb4 result in “No”, an access reading event for

the storage unit 15, namely the request to read out some data
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via the bus 12. Thus, the sound generation is acconplished according to
synt hesi zed wave data or waveform In broader definition, the CPP3
wavef orm generati on command nmay i nclude a key-off event commandi ng

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

event is omtted here.

0 o008

These note-off procedures are very sinple process

such as rel ease of it he,wavefor eration,and term patd o f the waveform
BB aL SR, SRR ol Ehe

generation. |fI{& ) SHaTag o ! St Lt

t he waveform

BER

synt.hesi zi ng

in step Sa7,

. . 3 ..
conput ati on i Request samatsisguedpihe ‘gaﬁe@rmgp@di%gﬁ@ tesmipated execut ed.

In step Sa9,

it

Is tested whether term nating operation of the waveform

synt hesi zi ng progediatelycund dbecprosedure teiairns; siee there he nemereati on of
the programis not indicated, the procedure inmmediately returns to prepare
for a next CPibhehcetlor fDgetlee atthen lramdpnmchen thet decessheveritandeursy case

that the termnation conmand is inputted,

t he wavef orm synt hesi zi ng program

is term natedthy datd regdtdet ftag hdstérdge Wit i1 ¥ ehefaedin stepg f the

wavef orm synt hesi zing programis executed at the

first tine in the nain

| oop of i gur 856, FhetheAdrEMYFIRT Sit'i6tesTadwhethe SheSakdd e i S test ed

whet her the allocation node is either of the CPU sel ect nbde and t he sound

'source sel ect guders {fle Wigv@da630: A3t IHRheSrdtE cTR YAt a T HotOthe

wave data, the waveform loading is terminated immediately

and the procedure returns, since there is no more job to do.

Otherwise, if the wave data is 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 loading, 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 process the wave data with the

waveform memory readout mode according to a simple

algorithm in order to synthesize the actual waveform. In

order to reproduce the wave data loaded 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
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.37

conpul sory node, the detection result is "No" so that the procedur23 DEC Zﬂﬁ&
advances,forward to step Sal 2, where the flags ENBLFLG DACENBL, and
SETFLG are all set to "1". Then, the procedure returns. The flag 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 cheglfl HieRe 2 1E3hAvbRtiQNEN mAldene ghedhelrsn Sad

results in proce ure |s execut ed.

h h h
O herw se stei ) Sa6 to Sahgﬁ%]gdexec%to%% Oilﬁgem Ifh %éﬁlﬁ[ng IS

det ect ed that the aI I ocatlon node is either of the CPU or sound source

sel ect node iSPuCepTEt havee pewparary Wavahas MeIery tooregepe sal 3. The
processing in steps Sal 3 to Sa27 shown in Figures 9 and 10 nay be done if
the wavef or migenkeadedrwavegtatm. i Thei GRIletust exesutier the wane diadat hi s
process, the sanplin frequency fs is determned for synthesis only by the
CPU. In step t3an3fert heorhl Hye BNRMILIG the swavefoadn tmehdsry. aHioveeyer,

in the present embodiment, the basic wave data is loaded to
RAM 13 or 20 under the control of the CPU 10. Therefore, it
is not necessary to provide the temporary memory 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
reproduction 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 installed. However, this device 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,
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BUSY is set to "1", and the flag DACENBL is set to "0" explicitly.
flag BUSY is set to "1" to enable counting up in timer process desc
| ater. Setting of the flag DACENBL to "0" is done in order to disable the
out put operation of the DA converter 23 to prevent sound generation
during the trial waveform conputation described later. After step Sal 3,

registers S

7 8o A0

i ster

d TCQU .0 70", T, f.th
SCOUNT i ndi catB8 Q%EBBI%W@E‘Q_%%{@EC{I S%’&flgdw%% Wﬂﬁaﬁ?m%aﬁ tﬁ’ﬁsﬁr gt i on.

The register TCOUNT increnentally counts up
" a5 thEnge; progesseediirstepdr e d&fﬂ“&ﬁ@et

switched to

iIe_thelfIag BUSY is
1€ SRNPeRui r e

generate one waveform by mcycles of the synthesis conputation. In s
Sal 5, one sanphbue aaleufadion daecagainul ong ek sdthsthefdPbl 0 iy step

execution of a predeterm ned wave data generation algorithm The detail of

38

Sc3, if there is no co-processor 17. After step Sc2 or Sc3, 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 parallel. If the FM mode is not
detected in step Sdl1, 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
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the processing in step Sal5 w | be described later. In step Sal &3&@5 200
regi ster SCOUNT is increnented by "1" whenever the sanple value conputation
is executed once. In step Sal7, it is tested if the register SCOUNT reaches
cycle "nm. If it is detected NO the procedure returns to step Sal 5.

O herwi se, the procedure advances forward to step Sal8 in Figure 10 in
case that the check result is YES. Thus, the steps Sal5 and Sal 6 are
repeated unti lsaphple sepues cequied: for enﬁpﬂeénphmgepombaﬁame@d p¥éiches to

. In step Sal 8 of Figure 10, the flag BUSY is switched to "0" to
di sabl e the cduoti theuwpavéfdrne miemeory. Themolyphenep sSathesmwifhgequency Fs is
cal cul ated by the follow ng equation (1) . Fs = (m

nar gi n) / ( TCOUNAuTEiple sabd: %les|lfé(iﬂtéd€fﬁv%yrﬁhesiiiﬁ g" aatgfired nmrabeenst ant
set smaller than value 1 to provide the Conputation devices including the

CPU 10 with s ri r N Vi ces.
Qﬁev@i%g 'dbe FOIS r?gft THid ARt REREAE SN AIEE s eFahbferdg

As descri bed before, cates invocation~ tines of the tinmer during

the period requiy edlind 'y SYPLES GPTI NG, BEEYY Ple DMAT PR ue

cal cul ati on |nd|c prtch @ the product of

TOOUNT and g SRR oA, AWV IS S KRS
39 or 20, or provisionally stored in the ROM 11. If the waveform
memory readout mode is not detected in step Sd3, it is
detected whether the current operating mode is set to the
harmonics synthesizing mode among the various CPU
synthesizing modes in step Sd5. 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, similarly to the
situation under the FM mode. If the harmonics synthesizing
method is not detected in step Sd5, it is tested whether the

current operating mode is set to the physical model

synthesizing mode among the various CPU synthesizing
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Thus, the frequency Fs cal cul ated by the equation (1) is the frequency of

the wavef orm sanpling, and the constant "(margin" reflects the procgsgsiiy 290
power of the hardware setup. In step Sa20, it is detected whether thé
cal cul ated frequency Fs is greater than 32 kHz or not. This critical
frequency "32 kHz" is enpl oyed considering the mninmum quality of the

nmusi cal sound to .be.genera . Jf . .this detectiqgn, result, i.s posi{ive, which
means that t h&fAEEdBsTLeR Sg&erffcﬁwcﬁ yeieg ir’élog\%lsﬁéﬁgﬁs%ngﬂlﬂ Eht for
mai ntai ning the mninumquality of the sound, the, procedure advances
forward to steleteatrd, samgep regniredifomvguearapimgpoint faréquency fs

smal | er than and closest to the cal culated frequency Fs is sel ected out of

32 kl Hz, 44.1celmlatadkbiy,tlenCPB01QHzcorflingdocthe platsidak negdehcy Fs is
47 kHz, the sanpling frequency fs is set to 44.1 kHz, which is closest to

and smal | er tkgnthéskhidg rhieehvd irestemISdS. Ihayolyiphordtavoategch f requency Fs
I s sel ected because the constant nmargin does not nmake sense if the sanpling

sl the 11 e A B b Bt B e e op
, gs , and SETFLAG are all set to "1" in step
Seza, end e o Al OB TR RSpISRIG SR BIER IR
| odi cates that, e, 32T thiIphy SEAT 1RY def sy hitheliiRy MRReRRoL' Y- the

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

present embodiment, so that the warning for the wrong mode

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

steps Sd2, Sd4, Sd6, Sd8, or Sd9, the procedure returns, and

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

As for the waveform sample value calculation with the

CPU 10 and the co-processor 17 executed 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

Sald, the most influential processing on the quality of the

synthesized sound is carried out by one of the CPU

synthesizing modes. In the FM, harmonics synthesizing, or

physical model synthesizing mode, the time required for the

51



nonoper abl e state is changed to the operable state. Under the Pgeﬂﬂblﬁ]gﬁ
state, upon the next execution of the waveform synthesizing program check
of step Sa4 results in "No" so that the synthesizing is done by the
processing shown in Figure 11 if the waveform synthesi zi ng shoul d be
carried out by the external sound source device. Oherwise, if only the CPU

I's used for the wayeform synthesi zi-n chegk of sie a4 .resylts in "Yes"
and check of W8P dats FALTHIALI, Sxgrll 3% thh Smebel o iaicss tg Be' carri od
out through steps Sa6 io, Sa8. the other_ hand, in Figure 10, if the
result of thé@é@dw@tﬁlmﬁ anrgualyy bdthe haféhe peck ¢§the§|@usec Ois turned
out "No", which neans that the m ninmumquality of the sound canpot be
retai ned, thesymtdestring. abhenveveidatmat eashs samdezpointnis actwaldy Sa23,
the user is warned that the mninmumquality of the sound is not avail abl e,

and t he backumlvalstfedt im crdert tad ezarmmeethes praickesingTheweacKkllhewavef or m
conputation node is the waveform nenory readout node which is selected as a

secondary chagleuldiont xerepautedly dené iy stepkBaBdupdSas7 el @f f or dabl e

with the primary synthesizing node sel ected out of the avail able CPU

synt hesi zi ng nc“}ét%@?,-sagxﬂ PRER] ﬁgqﬁi&eﬂsﬁo?e%ﬁl;é’%gﬁ R chitGilaefda!Rs Wavef or m

conput ati on esl gnhate not . rocedure goes forward

‘(‘:8 n;Ltegt isgﬁ‘:”n%l‘é%‘%ﬁ?e&rﬂ)ﬁitﬁ%' ti?ﬁ&efo?)%?ﬁti%hetcﬁ)rs%@ﬁfeds%ﬁlﬂ?g primary
frequency fs suitable for the processing power of the CPU in
step Sa2l. Similarly in the waveform 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 examine the accessing speed. The readout
process is done in steps Salb 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
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and are stored in the RAM 13 or 20 in advance. Further, the sound i 3 DeC 7000

actual Iy, reproduced when the stored waveformis read out at the sanpling

frequency 32 kHz, which is automatically determ ned. Thus, the waveform

synthesizing is effected virtually with the waveform nmenory readout node,

so that the mnimumquality of the reproduced sound can be retained even if
n_the s stemq, After that, the process

the | ow perfaor e CPU s

in step SaZZ%mEY]?Ie ltgﬂ@ﬁp%péﬂ‘%é’nn‘é}ﬁ% i éltlzftegpf)gsfahé) oper abl e
st at e, andt ce returns a i f the, backup

wavef or m cal 9(RSP matiqy | m%l%fgéﬁl@d&@; b procedure goes
forward to step Sa26, in which a term nati on, command_for _the sound

synt hesi zi ng 1pcbgrleﬁmtber evenss atbt only weseeiratedate dhedHUe sound

synt hesi zing programis conmmanded, the operation finishes, by clearing

the flag SETRy@AtheslZihgi mtﬂieed)ﬁha‘tso assoemdethtd theesowad moated f requency
Fs is smaller than 32 kHz, and the backup waveform cal cul ati on node is

nei t her SpeCIdexﬁdermbdéteU@famdemettﬁngl tid kew-08 eantyrttedappheatas ni ng
alarmis continued. Thus, the waveform synthesizing is done with the

initiates the synthesizing process. In step Se2, it is tested

whether the current operating mode designates the sound
source synthesizing mode or not. If the detection result is
“No”, the procedure branches to step Sell. Otherwise, the
procedure goes forward to following step Se3, if the detection
result is “Yes”. In step Sed, it is teeted 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 embodiment, 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 synthesizing 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 than or equal to the full number of the
channels which can be used for simultaneous synthesis of

voices by the device. The “condition” may include other
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conput ati on devices such as the CPU 10. The sanpling frequency fsez"ﬁ DEC 2000
optimzed with respect to the CPU performance. Further, if the p or mance
of the CPUis low, the synthesizing is executed by switching to the

wavef or m 42 menory readout node,

whi ch can reduce the CPU | oad. For summary, the CPU ai ded second

wavef orm geneyfator ;.C i ses a; co tari zgd wavgf gr m,gener af or oper abl e
accor di ng toe{@c P%Hsg%cheflmdaﬁr' aWj% eroﬁer]aﬁlcgh glf)é‘edh)’t1 create a
di gi tal waveform. Ry ,successivel y conputing. .sanple val ue f the digital
wavef orm TheS aeleby dekede W@éﬁéﬁbﬂ&ﬁ@"{%ﬁ@%ﬁ@fﬁdﬁbﬁn@ operated to
carry out trial_creation of a npdel digital waveformwhile neasuring the
oper ation speeeedatenmined: value.i () ¥Whathen a vabue relevasgtto The sanpling

frequency is optinally determined in conparable to the neasured operation
speed. The “timbre” 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” to 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 described later in
another embodiment. If the “condition” is fulfilled, channel
assignment process is conducted in step Se4 such that a
channel to synthesize a voice for the key-on event is allocated
out of vacant channels in the sound source device, which are
currently not used for synthesizing the sound. In step Se5, the
sound generation is executed using the specified sound source

hardware, in which the actual synthesizing of the waveform is
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conput eri zed waveform generator is actually operated to enable t@e s{}iﬁezgm‘
successi vely conpute sanple values of an actual digital waveform at the
determ ned sanpling frequency according to the provided perfornmance

i nformati on. The sanple frequency is fixed to one of stepw se

predeterm ned levels, which is |lower than and cl osest to the neasured

operation speed. en,the determ ned mpling fr enc falls below a

critical | eveCfC’%?@gFl he 1ssHedevs E‘hzgﬁea Ogﬁﬁﬂf%ﬁ@lﬁiﬁi ity of the digital
waveform the initial algorithm_ is change Q raise_the, operatiopn speed of
the conputerized vaﬁl%f‘@ﬁﬂd@@ﬁ@?’alsdﬂoggum&tlﬁes%ﬁleangt fi§ &486k8fty can be

redeterm ned to exceed the critical level. The algorithmis _changed froma

conpl i cat ed ombetben thienfbag FIERBLHEE.Guish“har not in step Seb. In this
43 '
stage, the value “1” of the flag ENBLFLG indicates that the

steps Sal3 to Sa25 have been executed already, and indicates
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 which 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 computation
devices inciuding the CPU 10 execute the waveform

synthesizing computation process in order to generate the
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the conputerized wavef orm generator operates based on the sinpli fhe&,ﬁ@%
of the algorithmto successively read out prestored ones of sarrplk Vi

to reproductively create the digital waveform The sanple val ues nay be
initially conputed by the conplicated algorithm Then, the sanple val ues
are stored in the waveform nenory for actual use under the sinple algorithm
of the waveform nenory readqQut node. Thus, the inventiye sound generating
appar at us forS&mﬁﬁtVﬁﬂgle& wlgvanf tadkhg event ngepr ?ma @B@i cal sound
according to performance information, conprises input means for providing
per f or mance i allocatitaconemmnd edse ducludes nforgeatdont abonbdde skantabl e
based on a given algorithmat a variable operation speed to create a

di gi tal wavef ghd budsof tetesirupty, forhpetwaneisampisegenbretedwithetheli gi t al
waveform trial nmeans for provisionally operating the conputerized waveform

generator to ﬁ@ﬂerrYu?!ﬂtpfdéésls. aafliobthér hamblelf tHavhhie W@7ebdfiaghhi | e
nmeasuring the operation speed at which the trial creation is carried out,

det er m ni ng ”ENBEPL@HEid@c‘ebﬂe@@h%t@gﬁS@g, 2h&aOP ngitteaudngy conparabl e

to the neasured operation speed, controller means for “actual | y operating

(e CompuLer] gagiaLsiar Syanatal sh 6c BB SRRl Bestepees vl

Zinpl 'ng freaygnayy aif Mt orfggﬁnhofeﬁ%r}?ﬂ&tibﬂgoﬂ&eation 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 Sed, the
relevant event is allocated 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 may 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
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nusi cal sound based on the actual digital waveform according to t@3 DEC 2005
provi ded performance i nformation. By the way, if there is detected a
possi bl e 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 D/ A converter ¢ £ : . : A nation
comand for ﬁ%tetﬁsglﬁ%d Cg)ﬁﬁg) zF‘E‘SSgﬁggg%m%%ég?]é‘gﬁ%’mggx{lhgj ¥ nati on
of the sound I Zin rggramis co nded.. t he synt hesi zj. ogram
finishes by éﬁé%?ﬁ@ Martons ddeias @y, begonarized pscllie "Rl op saso
On the other .hand, if the t I.nat i on,of the nd, synthesi zi programis
not commndeé?rtswéltbﬁ’fsagYnémo%s 1 @%@@domgﬁhagﬂé{%ﬂ%ﬂtﬁgg sound
source synt hesi zing npde or not in step_Sa32, if the detection result of
step Sa29 issyaghepisebyWhensonadssannresdaviae 65tepness )i A thise i s detected
in step Sa32, existence of the hardware required for the specified node is
detected i n smbo8idRntTiHhe coniditien spewhetleer appnmliver péomgoesi on with the
hardware check in step Sal. If the relevant hardware exists, the

synt hesi zi ng (pirabedsiy ¢oilse syathesidedyctitentty ¢y anithimrawasgimomt ep Sa34.
O herwi se, the lack of the relevant hardware is issued in step Sa35, and

E Eg fénte Cgﬁ't HuYabRI 05 §8ides which ruaeﬂb@sémmaé%@ze“dl@imﬁltm&m&e setup, if
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 to be started. Therefore, the
allocation procedure is executed for the waveform synthesis
by the devices including the CPU 10 in step Sel3, 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
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har dwar e does
The synt hesi z

| at er. The wavef orm | oadi ng process executed in step Sa2
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not exist. After steps Sa34 and Sa35, the procedure
I ng processing with the selected hardware will be ?
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| bed hereunder with reference to Figure 12. In the wavef or m

ss, it is detected whether a MD sanple dunp conmand

Yeheerb b, Y EIPYY 8 A8 oMpligaSheR P ser [ o IR ogiple
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t he
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o.the ,area WAVE in RAM 13 aqr in Sh2. The _sanple dunp
adlgcaghm ipyocedeaeds Q}mqutegh in éteI@ h%ie]céaa Ineslan S64; are

e conpletion is detected in step Sh3. If all of the d
sodihpteted provessisigecelevant iostlee estedt isedane Hy hheves”
returns. On the other
external sound source device. The synthesizing using the
specified hardware is done in step Selb as in step Se5. After
step Sel3, steps Se9 and step Sel( 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 immediately. Otherwise, the
waveform is calculated according to the allocation command
to generate sound by the CPU in step SelO.

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 Se5, while the synthesizing
process which does not comply with the “condition”
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 software module
in step Sel0, while the synthesizing process which does not

comply with the “condition” for synthesis by the CPU is

executed by the hardware sound source device in step Sel5.
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hand, if the check of step Sbl results in "No", it is checked if _th
data is transferred via the interface I/F in step Sb4. If the mavzajigﬁ,w@o
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 M D sanple dunmp. If
both the steps Sbl and Sh4 result in "No", an access reading event for

No
the storage unpi  15; nel he.regeest, 1t 0 €4 t d
46 (1 ohhpfeln A n RS FRIEE SnC UERte o R X e (e
request is not i ﬁ_&%ed. t he waveforml oa@iqr’lrgvi S termnated i diately and
the procedur e SYRHESING; PERCESixCeeds hepracesfing P ayer € other hand,
when the access event occurs,.the_data read out fromthe storage unit 15 is
checked in st #LISBE@TfFﬁPﬁﬁ ed im t;hteefip SOUrCe S Hllﬂﬁemﬁi?e:t read
out data is the wave data or not. If the read out data is not the wave
data, the wavexwesdiogdrant o therprioraseds iaxestitadddy tiwedIRY procedure
returns, since there is no nore job to do. Oherwise, if the wave data is
read out, the syamhedatiagi mddgnss ehabdt o pdssiblieeto ¥WMEhesizche RAM 13 or

20. The data transfer in step Sh8 is repeated until the end of the data

transfer is dgileehlidy! 6f $bRRsPRreWBh the /Al aukhBEs (T véives which
can be simultaneously reproduced in the hardware without
enhancing hardware setup. In general, when the input device
such as the I/O 14 provides performance information effective
to command concurrent generation of a plurality of musical
sounds, the inventive apparatus designates 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
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, both of the first waveform
generator and the second waveform generator are designated
to ensure complete generation of the concurrent musical
sounds.

The timer process will be described hereunder. The

timer process is an interrupt process executed at a
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conpl eted, the check of step Sh9 results in "Yes" and the proceduged DEC 2000
returns. Thus, in the waveform | oading, the wave data to be used in the
wavef orm menory readout node is received or read out. Then, the wave data
is transferred to the area WAVE in the RAM 13 or 20. The conputation

devi ces such as CPU 10 process the wave data with the waveform nmenory

nctual waver ofPOPCBTHBAATB RO RICEI NG et or i Far SR DB RAw 13
e RS AT S T
47 sound source 22. In a conventional nusical soupd generator
having a specithiectimaetipgosesvimdletaik. ckn step Hdy ahas destrhdal %hﬁdi@% must
have a tenporary waveform nenory to receive the | oaded wave data. The CPU
nust execut e TBIéSMViG ‘HHt awhichmakensfiteh the cRaMting tipe ofealef dimrerenory.
However, in the present enbodi nent, the basic wave data is | oaded to RAM
13 or 20 undeis tenalsiedt riglthis detectiod tésultbhénaiegstivef 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 steps Sa9 to Sall so that the content of

the register TCOUNT indicates the invocation cycles of the

timer process within the time 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 operating modes can be designated with

respect to the synthesizing mode and the allocation mode. If

the operating mode is set to the sound source select mode at

first priority, a part of the process exceeding the processing

power of the external sound source is allocated to the CPU,
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IS not necessary to provide the tenporary nenory to hold the mave?@alngci A000
the hardware. Further, it is not necessary to execute re-|oading process

in which the | oaded wave data is transferred further to the external

har dwar e device. The costs for the system hardware or software can be
reduced, and the tinme fromthe end of the wave data |oading to the

ém_ﬁtﬁiif Z?g'r Eg ;@E{% ZtﬂieeiF mgﬁaéfﬁtﬁgféﬁgfgﬁfm% SHE RS naer
whether the Qg &%g@gggteﬁbéyggiﬁ% f%&%&ﬂm&%%%é%%ﬁ?éﬁﬁt -
acked i n Somptiasdievieesemdb variout EIbLe 0anske SRRUACEd: JRHHTATET |
operation unit equivalent to the co-processor 17, the detection ¢f the
CO- processor varions tirdmesraxh be gesersgesi alse i thedaPd tsedecly mesdeas i f
the co-processor is installed. If the co-processor 17 is detected,
48 given first priority. Since the sampling frequency fs is always

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 on which optional device

is installed. The available 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 21 lacks all the

optional devices including the co-processor 17, DSP 21, and

LSI sound source 22. Of course, the sound source synthesis

mode is not available in this setup, because the detection in

step Sa4 (Figure 8) becomes “Yes”, and only the CPU

synthesizing mode can be utilized. However, if the processing

power of the CPU 10 is not very high enough, the real-time
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the sanple value calculation is done with the CPU 10 as well as th
co-processor 17 in step Sc2. Otherw se, the sanple value calculati
carried out only with the CPU 10 in step Sc3, if there is no co-pr
17. After step Sc2 or Sc3, the procedure returns. The sanple val ue
calculation is the sane in steps Sc2 and Sc3, except that the co-p

17 i s used

or not, .Thus, the detail. of the,sanple.val;ue | cul atio
expl ai ned wi Wf}\feegﬁg@th@pgﬂ@ﬂl(g&gs H@%‘?SS?EIQ qurﬁcgt‘tggths&fctg)fe Fi gure
is tested whet her the cuytent rajing node is .se t he .FM node
the various CQFPJT%%RS%S{’Jéiaﬂgl ﬁ%sﬂ ey pat W@g@il gﬂt , CREEet o
val ues corresponding to a nunber of channels are calculated at one
sanpl i ng poi maydeerdsityation he whick phehwaiveformmsemary ireademtsd2
exanpl e, if polyphonic synthesizing is selected, a set of nultiple
val ues requimedefisrosiynavedbbiledn ahte EIF Bdsymtibesizoig woodes. ar e

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 affordablé,
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 operations are possible by the
co-processor 17. The actual waveform calculation (step Sa9),
as well as the trial waveform calculation (step Salb), is
executed by both of the CPU 10 and the co-processor 17 in
this setup, since the co-processor 17 is available.

The hardware setup shown in Figure 23 includes the
co-processor 17 and the DSP 21 as optional devices. The
purpose of the DSP 21 is to 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 in step Sa4 (Figure
8) becomes “No”. However, the purpose of the DSP 21 is to

facilitate data calculation, so that the wave data is not
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calculated. In this case, the load of the CPU 10 is high, since v BOD@ 2008
voi ces having various pitches may be concurrently created. Even rse,

ot her processing such as graphics processing may be done in parallel. If
the FM node is not detected in step Sdl, it is detected whether the

current operating node is set to the waveform nenory readout node anong

e s aor Mepcthle] BY Fhe W %ﬁ%ﬁ%ﬂ&;ﬁ HBadBRY TREHLEE B 3§ cadout

node i s dete

sanpl e val ues_requ one. sanp r ead the

wavef or m men&H 1?’#@%&?393&}& AiQYR; ?Fﬁ!} Ft’inﬂ(ge sgﬁgll UI red for
synt hesi zi ng a desi.red nupber f voices are.read ou H data reading
and data trad8Pee, DATERICSFYRiessimagerard %1@& BRP Sﬁntghe DVAC 19.
The wave data has been | oaded to the area VWAVE in_the RAM 1 or 20, or

provi si onal | yneter ddurtherhdhrdVPU. symthesizing aiedenis available

depending on the allocation mode. The wave data calculation
is possible, but the waveform memory readout mode is not
available since the DMAC 19 and RAM 20 are deleted. It is
possible to utilize only the FM mode, harmonics synthesizing
mode, and physical model synthesizing mode, where the
real-time high speed wave data calculation is executed. The
actual 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 synthesis mode is available on the second
invocation of the synthesizing program or thereafter, since
the detection in step Sa4 (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 readout 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
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menory readout node is not detected in step Sd3, it is detected mﬂeﬁrﬂﬂ: 20@0‘
the current operating node is set to the harnonics synthesizing node anong
t he vari ous CPU synthesizing nodes in step Sd5. If the harnonics
synthesizing node is detected, a set of sanple values required for one
sanpling process are cal culated by the CPU 10 according to the harnonics

equired for ¢ ”‘étynhffﬂ%éﬁ%??tnﬁf)ﬁﬂ@ T Hate e BR s BE ¥ e o i 1
hi gh, si nce.vatkdoalo ee AL, PBtheRring tppaenareriyt fosifbleed.
barall el st i1 ar ly Se6onHeerhadianrah lBR CrRANFAeIeutdehe har moni cs
synthesizing nethod is not detected in st ep Sd5, it _is tested whether the
current oper atGemerady itsissdifficult be repyeiluse hltﬁjeea]ssmcrﬂémmd g thele anong
t he vari ous CPU synt hesi zi ng '

percussive tones such as a rhythm or drum mstrument by the

wave data computation according to FM mode or harmonics

synthesizing method. Thus, if the L.SI sound source 22 is

installed and this sound source 22 calculates the wave data of

the musical sound by the pure calculating method such as

FM mode other than the waveform memory readout mode, it

is not adequate to reproduce the sound by the LSI sound

source 22. Further, it is not necessary to calculate the wave

data by the arithmetic calculating mode other 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 of the CPU 10 is

not high. Thus, in this situation, it is convenient that the

CPU 10 generates the percussive wave data unsuitable for the

LSI sound source 22 by the waveform memory readout mode,

while the LSI sound source 22 generates the wave data for

other timbres. Thus, the computation load can be reduced
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nodes in step Sd7. If the physical nodel synthesizing node is det ?_('3 OEL 2000
sanples required for one sanpling point are calculated by the CPU™10
according to the physical nodel synthesizing nmethod in step Sd8. In

pol yphoni ¢ node, a nunber of sanples required for synthesizing a desired
nunber of voices are calculated with the physical nodel synthesizing

Sa7, the cur tehEBE: T ABdothe Lask SORAdR Ursec 2o BOu Werk . so t pat
the warning for the weong node setting is, executed in step Sd9 as well as
ot her proces$0 S¥RidIesizg Ry BEp/e &a&% QHG’YhB"éB?ﬂérSOSH L SONECBrarcedur e
returns, and_ then the followng step Sal6 (Figure 9)_is executed. As
for the wavehwsnpeammakilitay (khemwalitit odthe repraducagbsonndagant e
co-processor 17 executed in the step Sc2, the procedure shown in Figure 14
i s executed whainteénpdrhighoasanuchheTbRipuopasel of thecsequmdessor 17 so that
the calculat Ierr]r?bodiment 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 to the 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 using 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 explanation of the other processes for avoiding

duplicated description.

In this 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 allocation is executed. More

particularly, a device to handle the synthesis is determined

for each voice (timbre) out of the CPU and the LSI sound

source. The criteria for this allocation will be described

hereunder. Generally, the sound source has unique
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operation can be made faster. The detail ed explanation for the o ]
is omtted here, since the procedure is basically the sanme as the[?-e"q(’J‘Bﬂnorﬁ’mlﬂ
cal cul ation only by the CPU. Thus, in the waveform sanpl e val ue
calculation in step Sal5, the nost influential processing on the quality

of the synthesized sound is carried out by one of the CPU synthesizing

rodes. |1 the b gt prces, SHHURRALAR, & chal4H ARIRRE) By 21 e

node,

wave data calculafion, a |1 as the nunher of ,voiges tgq be re duced

si mul t aneous| far et%%ﬁ?mr?eé‘l%uﬁ'fleﬂﬂglt}é%ﬁﬁd%ﬁ]é%i ﬁi }%Poﬁﬁgﬁﬁ/ave dat a
at each sanple point is actu y calcul,ateq in order to exam ne the
processi ng powerimpkanegh|a fip lq §ﬁnF%1I¥1@5ef§1%gﬁ§ Cgoﬂ@ i %’%ﬁ@%l@f to Sal 7
for mcycles, and the tine required_for the msanple calculation is
measured by t ibetperqussiee d0nen incaduvaneeein argder e dissgumiegte s suitabl e
for the processing power of the CPUin step Sa2l. Simlarly in the waveform

nmenory readoutbetuden the tosmedoia bepkandied hyf thedCRY e (Han acase that bottl e

neck o 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 manual 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 compulsory mode, each tone
can be allocated forcibly by other running programs.

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 modeling mode, but it is possible to use, for

example, PCM mode to read out the wave data from the
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t he sound synt hesi zing, so that the wave data at each sanple point igSeﬂﬁﬁ 7000
out to exam ne the accessing speed. The readout process is done in steps

Salb5 to Sal7 for msanples, and the tine required for the msanple

calculation is neasured by the tinmer operation to set the sanpling

frequency fs suitable for the processing power of the CPU in step Sa21.

The synt hesi zin e sel ec ard re V\/mc S executed.in t

above- descr i bg@ﬂ@?égns gﬁ §R§I. }%g SRL h@’ddﬁ@ gt Csl'ﬂ

Synt hesi zed byhe RBscrled Spvt SPiFey Hode Tatnetireh Bandodee b oxecut ed
synt hesi ze 0 S execute
to control the sound source device used for synthesizing_ the waveform

accordi ng to timbaes edladasedntisdthe K0P], the LPU symthesigingedure, event

detection is carried out in step Sel of Figure
52 15allbkatmeprocadlindds doreyn arderent gensvatk an res ponse to
keyboard i nformati on KBD or M DI information, and includes other events

not only assogllatcadidiP coher@Ed wrgéiﬁaiaz;em@av@dfatabyéle@hm tsghei ated to
the sound source device nmode. Upon detecting the key-on event, the

apparatus ini |t [ est ed
pp Hedtaed BOeRY R “ﬁgs‘%ﬁig dsgs 4 H?%%gg e SO@%?@%B Tfithd

whet her the current operatin e~ desi gnat d sodrce synthesi zing

mode or not. Ilo%ﬁ‘é‘m‘l?%ﬁfﬁfn%c[ £ Wvhilable \he ddtBcHct ftEpIsgHChes to

step Sell. erw
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 detection in step
Sgb6 results in “No”, and the procedure returns.

In this second embodiment, musical sounds can be
allocated selectively to the CPU and the sound source
according to their timbres so that the optimum distribution
of the processing load for the CPU and the sound source is
possible, and the various timbres can be generated while
retaining the quality of the reproduced sounds. For summary,
the input device provides 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. One of the first
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procedure goes forward to followng step Se3, if the detection result 'as C 2000
"Yes". In,step Se3, it is tested whether the current synthesizing opé’r tpEbn
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. In the present enbodi nent, one

condition is Wﬁt{ﬁﬁ?gﬁ :@ﬂéﬂp&r a%i YRS T%%ﬁoﬁﬂi W&\")\/ﬁ?%}ﬁhg%%ﬁ%r%'}t esi zed

currently is X1 um huiber —of Vol Ces e synthesized

si mul t aneousl y, by th ardwar e devi.ce speghfied. inithe. _sound .sQurce

synt hesi zi ng ﬁ‘?ﬁign%g%g I3 GQUrESpQRflence @’etﬁ%«&é{n‘%rﬁeﬂﬁﬁﬁ%?’rUB’ﬂ ¥hannel s
currently Dbei Tg ia active status and being.allocat for tﬁe sound source
device is | esdhpfhaiePudpud devicergengnates hsemusicah gORREnRBV & i ch can

be used for sinultanegus synthesis _of voices by the device. The "condition"
may incl ude ottherspecified timbre at the specified timimg. factors |isted

hereunder: (1) Wether a "pitch" or a "touch" specified by the detected
event is higher (dn thesdirst tamh saconddembodineehtsithe. syeihasietter a val ue

relevant to "tinbre" specified by the detected event is higher (or |ower)

than a predet giigoeed foaloite 168 WVeidterted vathe delmvestpiovidedusher of
"parts” in thé performance information specified by the detected event is
hi gher (or | owsle) OFBNoR in the other channels 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 possible to use the harmonics synthesizing
mode in the CPU side, and to use a mode other than the
harmonics 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 (Figures 15 and 16) is replaced with
the process 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
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predeterm ned val ue. (4) Wether a detected M DI-CH val ue (nunbern,ff .Eﬂ 2000
channel s) relevant to the detected event is higher (or |ower) thd zp
predet erm ned val ue. As shown above, the criteria for the “condition" may
be generalized as whether a certain value specified by the perfor mance
information is higher (or I ower) than a predeterm ned val ue. I S possible

to inplenent a Fticul ar |.O 0 i e I f sonme
ani que. 1 mor etpO e it ep EE0 L HhE R, m@q%@%ﬁﬁﬁiﬂ Iiaq

har nmoni cs sygﬁﬁl Zi node l,éSI ng the sound source device. This

i mpl ement at i GARAAFa d@é%’"clp K4 1 ater in another enbodinment. If the
"condition" is fylfilled nnel assi gngent pro%ess I s conducted in step
Se4 such that a dRadwél elﬂb%ﬁﬁ@ﬁé%l‘%an VRRCIE: IQIHEARG \fOoP e ent i s

al | ocat ed out_ of vacant channel s in the sound source deV|ce whi ch are
current |y - noSaddydtlicosysyhesiesngintogram sunsdio EXesutp thes, the sound
generation is executed using the specified sound source hardware, in which
the actual spynithesizing proddss wsingf thensekected hardware as shown in

54 done for the i1ssued event in the allocated channel. If the

"condi tion” Iﬁgm@b 19 Thldtep Shlztth@ Secht detéctidnssashried hart abe flag
ENBLFLG is " or not in step Se In this stage, the value "1" of the flag

ENBLFLG i ndi ﬁts@t% ph981 AR SERSTiP3p (S Badpspa IR faxeeited al ready.

and i ndi cates e sanp ency f's for the CPU synthesizing
allocation is executed. More particularly, a device to handle

the synthesis is determined for each voice (tone) out of the
CPU and the LSI sound source. The criteria 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 Sed (Figure 15). In step Sh4,
the waveform relevant to the note-on event is synthesized
through the vacant channels. The synthesizing 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 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. On the other hand, for the tones allocated to the
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mode is already set up. Thus, the CPU synthesizing node is avail apl3DEC 2000
Therefore, if the test result of step Se6 is "Yes" because of value "1" of
the flag ENBLFLG voice allocation procedure to the CPU synthesi zi ng node

is executed in step Se7 so that the synthesizing of the waveformrel evant

to the event which does not conply with the condition for synthesizing by

the sound sou | Ceds car i ed .out t he CPU synt hesiz{ ng rpde.
Particul arly, mﬁ%&c@@nsﬁé%%@%a SALPT BISSFY?@HFQEQ i%fg?)lné val ues of
the waveformrelevant to the eve tg-‘: n.this CPU sa%esi zing allocation
procedure. Th@r(i@nﬁﬁrﬁﬁnfﬁ@ltﬁo%% aGHR | SANBIARA FSke AR O KO to be

executed by the CPU 10 (any node out of the CPU synthesizing nodes), and
desi gnat i on ofleteénted nbte-omevent ingstep, Shbl Waﬂtdpcﬁaﬂr(éi‘lgmgi%))mnt .
Further, the command includes note commands such as key-on or key-off.
During the al Imftamationoabend the calduatidre meetiped asiinelwded desthacl udi ng
the CPU 10 execute the waveform synt hesi zi ng conputation process in order

to generate tAHBocation command. The voice allocabéd to both sfthédCPAlues
relevant to the event in step Sel O The allocation command al so incl udes

information ajgdttHd8otind bodfkk ?@?g@ﬁeéﬂﬁ@h‘i ‘é@é2§ QU3 thR] weesTSHan i s

generated with the interrupt process. On the oth hand, if thhe value "O

of flag ENBLFH,( {ife TYESSEHd SRl while (S FYNHESHELBESsed in
steps ShS by the CPU. These processes are executed in

parallel. If the allocation command is available, the detection
in step Sho6 results in “Yes”, and the synthesizing calculation
in step Sh7 is executed to generate a waveform relevant to
the allocation command. Unlike the second embodiment, the
synthesizing calculation is done 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 summary, both of the
first waveform generator and the second waveform generator

are coincidently designated so that the controller device

70



node is not available. In this case, truncating process is carriedy QuBfl opf}
turn of f sound reproduction operation of a channel which is the oldest in
step Se8, to make a vacant channel forcibly. This truncating process nay be
included in the allocation process executed in step Se4. In step Se4, the

rel evant event is allocated to the vacant channel nmade by the forcible

note-of f, and_t t hesi gi t 0 t nt is
carried out gv)‘%}%&a%m%@‘apgéﬁghgﬁsée%%ﬁ{gpg@ﬁtﬁ@%ﬁugttiq}p g&éﬁﬁd source
devices are instéﬂled to thg S stq@& chan@ | s oftthe dif ferent sound source
devi ces may BRVEOIHL ZEOSTE: 0%3‘/9 FEEeR EX foF4 Reorms Uy the way, if
t he sound source _devi ce sel gct npde, or, pyeceding node is not detected in
step Se2, thé?ftraﬂég BATNHEE (OBLP SANE tkﬂaglé%di ng node or the manual node in
whi ch the CPU synthesizing node is set together wi,th the sound source

synt hesi zi ng nodeA fowgsh Qm@%}im@ﬂuw\éllbbﬁrﬁiﬁdﬁlm@dsh@ﬁu qr. i ¥VFRgure 16.

In this step Sell, it is tested whether the current state of the CPU
synt hesi zi ng thudeglattiet veicpealiocatinneniodeoisninimmduetdiarihe o t he i ssued
event conply 56

23 DEC ?D0X embiodinidigts” desutibedribdwe, morehsisiplerpmplettentation és
i ncl uding the CPU. Various factors may be conceived as the "condition" for

SyTifests. DY GEBR |l BOtSR HiR Dbt 16 ciminstinly (e
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 program, the synthesizing process
using the selected hardware device (Figures 15 and 16) is
replaced with the process shown in Figure 20. More
particularly, the synthesizing process using the selected
hardware device in step Sa34 (Figure 11) is substituted for
the process shown in Figure 20. The substituted process will
be described hereunder, while omitting the explanation of the
other processes for avoiding duplicated description.

In this embodiment, upon advancing forward to step

Sa34, the synthesizing program runs to execute the

synthesizing process using the selected hardware as shown in
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enbodi ment, the condition is whether a nunber of voices (tinbres) to be
synt hesi zed currently is within a maxi mum nunber of voices which c\__n, el LWl
synt hesi zed sinultaneously wth the CPU synt hesizing node. Mre * o
particularly, in step Sell, it is tested whether the nunber of channels
(CH currently being held in note-on status and being allocated for the

conput ati on vice n n h o) I t he maxi num
nunber of thgegﬂﬁﬁrsr)g F‘l\’ﬁqc P@Qm%gg&éﬁ ft’lgﬁé tﬁﬁﬁqﬁaélaérggés@s%t?hem zi ng of

t he wavef or CPU synt hesi z] [f: th ditikon" is
satisfied, Whpﬁgﬁegb@dpm Elr$e‘rS @ﬂtnﬁpg%a%ﬁg E%P %ﬁﬁ FPHot in step

Sel 2. As descgribed ahove, the _value "1" of the flag BLFII ﬂge I ndi cat es
that the synehesadien 1s i@éﬂﬁ%éﬂd&rﬂ?ﬁﬂtﬁhé W@yﬁh%’é@ﬁ indheoleli s ready to
be started. Therefore, the allocation procedure is executed for the

wavef or m synshusidssoyrehelnsbeps3i2, tbleuwengfotna whevant ite thep Sel 3, and
the procedure further goes forward to step Se9. The detail of the

al | ocati on pdetediad evenstiepcseladlyi synthesized aising the aggaitn, since the
procedure |s eventual |y the same as in step Se7. On the other hand, if the
"condition" thanswlt Ebé Syefthebizing method for this operation is not 57

waveformby CPU is not conplied in step Sell, or the devices including the
CPU 10 are n@imfieaiyoitheSF B0Jd of M@ie 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 certain 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 construction 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 programs including

the system control program or basic program, the waveform
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al l ocation procedure is executed in step Sel4 as in step Se4, so that"the __
processing relevant to the event is done by the external sound s?)grge%"*'ﬁ‘
devi ce. The synthesi zing using the specified hardware is done in step" e'170§
as in step Se5. After step Sel3, steps Se9 and step Sel O are executed. In
step Se9, it is detected whether the allocation conmmand exists to

generate wave_daia . I.f ' 0 ted, the
procedur e re?XPﬁbe?%ééﬂgﬁoﬁﬁm&%‘iﬁ}@g%@%&g%ﬂf FoRh §a| cul at ed
according to,the allocati nd 10 geperate sqound by the CPU in step
S0 " Thnotpalndte DT phauislolilly doved Siife st iode ¢ he
synt hesi zi ng_process conplying with the "copditiaqn", for synthesj.s by the
har dwar e devJ‘E@Wﬁgewtfc@t)'édanﬁypmﬁaéﬁlm@f)’sgﬁr@@%ieﬁl lé%t@paslé%r‘f\dﬁke t he
synt hesi zing process which does not COM with the "condition” is
execut ed by woieclepinithe sterage saut.15m logded pRagBER™M £5 t he desi gnat ed
node is not the sound source precedi ng sel ect node, the process conplying
with the "cotdansferteddro thg A $3tp enhablePthe CPYJ ek tataperate: he
software nodule in step Sel O while the synthesizing process which does not
comply with the imemdive aystémr obyhehesisicdlysdured @ederatimxecut ed by the
har dwar e sound source device in step Sel5. 58

apparatus. By such a manner, new or version-up programs

can be readily installed 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 (Local 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
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Thus, in the synthesis using the selected hardware, if the synthesi zzagDEc 2008
process exceeds the processing power of the hardware specified in the
sound source synthesi zi ng node, the exceeding part of the process is
executed by the CPU synthesizing node, so that it is possible to
synthesize a plurality of voices nore than the full nunber of voices which
can be simul e | | Wals)
har dwar e set 5%%%%%%@@?8?%@%5‘@&%%% g‘é‘@ggaeﬂisﬁgﬁq'fgsaﬁﬁg?‘ﬁ%ﬁm
provi des perfgrmance inforyetion effective.tq, co ng;.c r neration
of a pluralit %Er%?inégfe AL Wﬂgr%&ﬁQf&%gPﬁm?%e@%n es one
of the first _ waveform generator .and.the second vef or ner at or
accor di ng totherﬁ}%@ged#n@omm@werhyspemp 5@143@3 gﬁg’éﬂ]f)g 1By the
performance information such that the designated, one has a capacity
sufficient to crdate invenbivermusioalsowhdegannredipd APn atyst¢rn er of
the nusical sounds. VWWen the nunber of the concurrent nusical sounds
exceeds a capaplemaitesl blyea mérsonal fdamputer afhich ieinstalled #atht he
second waveform generator, both of the first waveform

the needed data and programs. In such a case, the data and

programs 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, the 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 present invention can be
utilized in the application systems such as personal computer,
electronic musical instrument, game machine and so on in
which the musical sound is generated.

As shown in the foregoing, according to the present
invention, various effects can be derived. It is possible to

generate various musical sounds and to reduce a processing
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generator and the second waveform generator are designated to endus QEC (i

conpl ete generation of the concurrent nusical sounds. The ti nmer
process will be described hereunder. The timer process is an interrupt
process executed at a predeterm ned interval Tt during the trial

wavef orm synthesis program descri bed before. Figure 17 is a fl owhart
illustrating {the tiner oc i iq .. : it.ts.itested if the
flag Busy 1o 1oplf rhpBiedhEOr BT PRk ebPrafifl. oPhediveidal =i S
enabled. If this detection results in,negative, the ogedure skips to
Sf3. O her wi s%?u‘tlaec% § gﬁllﬁﬁﬁ&%&éﬁedgpgl@fl% sg@ﬁie 1qa\EHFI"Yelf?Egi st er
TCOUNT is incremented by "1" if the detecti gﬁé{;(esult IS POSi tive. In step

Sf3, other nitkelcoadiguration afthe sppssatusy SELREIEOIAn ni sh the timer
routine. Thus, the tinmer process increnents the register TCOUNT by "1" if

the flag BUSYgemeratingTihe wang daty ofwihe mausicel seundgpp PA the | oop of
steps Sa9 to Sall so that the content of .
significantly simplified. The quality of the generated musical
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.
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2 OEC 700

the register TCOUNT indicates the invocation cycles of the tiner ocess
within the tinme required for the conputation or reading of one waveform
The lapsé tinme can be derived by multiplying TCOUNT by Tt. In the
arrangenment shown in Figure 1, all the optional devices such as the

co-processor 17, DSP 21 and external sound source Zﬂmmw'mm | ed.
Thus, in this arrangement, all the @,?ﬁ {41 ng nodes Hmu W th
respect to the synthesizing node and e allocation nodel If "hé operating
node is set to the sound source select node at first priority, a part of

t he process exceeding the processing power of the external sound source is
allocated to the CPU, and the CPU

handl es tHe gr gerssalo simd anaraliing apRaT@tes, h@é’jd’@né"r &8 B8y 0ond t he
limtation of the external sound source device, and various tinbres can be
gener at ed crertiteg a waviedigaTt itebgeneratebe Hestral LW RGFPEHETH? sel ect
node given first priority. Since the sanpling frequency fs is always set to
t he opti mpenfdmarade sireforsetion heappatiigingf t he

first waveform generator means operable for creating a
waveform, the first waveform generator means comprising a
hardware module controlled by the CPU;

second waveform generator means operable independently
from the first waveform generator means for creating a waveform,
the second waveform generator means comprising a software
module executed by the CPU;

input means for providing performance information;

designating means responsive to the performance
information for designating both of the first waveform
generator means and the second waveform generator means such
that the CPU operates both of the first waveform generator means
and the second waveform generator means upon the designating
by the designating means so as to create waveforms in a parallel
manner; and

output means for generating the musical sound based on

the created waveforms.

2. A musical sound generating apparatus according to claim 1,
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N . . 2 3 OEC 2000
gener at ed sound ﬂM'EEEmaI nt ai ned hi gh. In the enbodi mrent descri bed

above, the optiog muﬁuﬂgﬁ"llul ly installed as shown in Figure 1.
However, the har e personal conputer or the electronic

nusi cal instrument varies depending on which optional device is installed.
The avail abl e operati ng node of the nusical sound synthesizing programis
different wi@pandl fle #1 ridiCwib LURh GehRirditor el Uil 0L Halay B ¢
sound synt hesi zing programin other hardware arrangemnents icharé

di fferent t An Ei gur Wil descri bed hereunder. The

har dwar e gé?ﬁg]esﬁ‘%&ﬁq%n aF?i&L%?Lé:]aﬂ‘l Sllggll%g gFP"Fﬁ?"Epti onal devices including
the co-processor 17, DSP 21, and LSI sound source 22. O course, the sound
source synthesis node is not available in this setup, because the detection
in step Sa4 (Figure 8) becones "Yes", and only the CPU synthesizi ng node
can be ut Pli2dBasigat\ReUn] ganeraliade appagabbaercerrding 0 alpie Inot very
hi gh enough, the real-tine 61 wave
dat a conpWharedn ithe geeosid Wavedionme gevelratbrt meansocompedsesr al7 and DSP
21 are not installed. Thus, there may be a situation in which the waveform
menory repdoralimydefi softiwarey aoldalles iwhitheatBUoprrthasi biakegdwes.

different algorithms to arithmetically create digital

waveforms having different qualities.
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The hardware setup shown in Figure 22 has only the co-processor 17 m -ng
optional .device. In this setup, the hardware sound source synt hesia

is not affordable, because the detection in step Sa4 (Figure 8) becones
"Yes". The CPU synthesizing node is only avail able. However, all the CPU

synt hesi zi ng ) ' } Lt hmetic
oper ati ons. ar & ooabpr BISZER MUBSEC e S Ty BERSANGES Ol TR /ERE: |
calculation (step Sa9), I r | culation (step .
Sal 5), is executed by‘%m WW@SQMWE&SW 17 in this
setup, since the co-processor 17 is avail able. The hardware setup
shown in Figure 23 includes the co- %gﬁfﬁm 7 and the DSP 21 as optional
devi ces. The purpose of the DSP 21ABSY re high speed cal cul ati on of
the wave data. If the DSP 21 is treated as the external sound source, the
sound source synthesis pode is avail able by neans of the DSP on the second
i nvocation-of t he Aymustealsound genprating apparatiuscereatiesca t he det ection
in step Sa4 (Figure

waveform to generate a musical sound according to

performance information. In the apparatus, a first waveform
generator is operable for creating a waveform. A second
waveform generator is.operable independently from the first
waveform generator 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 generator 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 Wavéform
according to the provided performance information. 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 is separate
from the main part and which is optionally installable in the

computer. [FIGURE 1]
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8) beconmes "No". However, the purpose of the DSP 21 is to facilit q 8&*33’
cal cul ation, so that the wave data i s not Eﬁ;;.tﬁzzmm
2 3 DEC 2000 generated by the waveform nmenory readout nethod, but is
generated by the various pure arit hmetV£€28odes such as FM node, har nonics
synt hesi s node and physi cal nodeling node. Further, the CPU synthesizing
node i s avail abl e depending on the allocation node. The wave data
calculation is possible, but tthe waveform nenory readout node i s not
avai |l abl e since the DVAC 19 anéERAM 20 are deleted. It is possible to
utilize only the FM node, harndri cs synthesizing node, and physical nodel
synt hesi zi ng node, where the r al-tine hi gh speed wave data cal culation is

executed. The actual wavek@rmTdl cul ation (step Sa8), as well as the trial
wavef orm cal cul ati on (step I i

. S e§gcuted by both of the CPU 10 and
the co-processor 17 in this s&up
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The hardware setup shown in Figure 24 includes only the LSI sound sgﬂggg?mm
22 as an optional device. In this setup, the sound source synthesﬂs e
is avail abl e on the second invocatiog%gggihe synt hesi zi ng program or
"thereafter, since the detection in st 4 (Figure 8) becones "No".
Further, the CPU synthesizing node is avail abl e depending on the

all ocation node. However, there may be a situation in which the waveform
menory readout node cannot be utilized, since DVAC 19 and RAM 20 are _
m ssing. Further, if the processing power of the CPU 10 is not very high
~enough, the real-tine wave data calculation is inpossible since the

63 co- processor 17 lacks. Thus, th may be a situation in which
all the CPU synt hesi zi ng nodes are not avai®abl e. A second enbodi nent
wi |l be expl ai ned hereunder. g;enerallxA it ﬂs diffiqualt to reproduce the

realistic sound of t R\ o E
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per cussive tones such as a rhythmor druminstrunment by the wave qpaéﬁﬁ me
conput ati.on according to FM node or harnonics synthesizing nethod. Thus, if
the LSI sound source 22 is installed ?28 this sound source 22 cal cul ates
the wave data of the nusical sound bya: 3E§re cal cul ating nethod such as

FM node ot her than the mavefornEht‘EFtJjﬁ? de, it is not adequate to
repr oduce the sound by the LSI Further, it is not

necessary to calg | at e e wave —dats by the au" T Lalcqé ti ng node
other than the vETU&ﬁEﬁ%ﬁFKSTE&ﬂ( +—F70 i 10 this sort
of the LSI sound sourcel22—-s—hstal-Hed. Furtheg g 10 shoul d
execute jobs oth¢p than the wayeforms hedi zi 3? tfjat a system | oad

required for the execegion of {he wavef*OTm synthd%|2|ng program shoul d be
reduced as nuch as poss Eﬂngiiiy:tﬁ:ggse bhat t he processi ng power
of the CPU 10 is not high. Th{is, in this S|tuat|an it is convenient that

the CPU 10 generates the percyssive wave data un&U|tabIe for the LSI
sound source 22 by the r eadout nn@e, while the LSI sound

source 22 generates the| VeERIPFHERAPRS ;
31 DEVICES [ :
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other tinbres. Thus, the conputation |oad can be reduced

64 3
200 for the CPU 10, and the LSI sound source 22 does not have to
synt hesi ze any wave data for which theA£@3nd source 22 has poor ability.
The quality of the reproduced sound can be naintai ned high as nmuch. The

pur pose of the second enbodinent is directed to the very point. The second
enbodi nent assunmes that the sound source 22 is installed as shown in
Figure 1 or 24. Wth respect to the waveform synthesizing program the
synt hesi zi ng process using the selected hardware (Figures 15 and 16) is
replaced with the process shown in Figure 18. Mire particularly, the .
synt hesi zi ng process using the selected hardware in step Sa34 (Figure 11)
is substituted for the process shown in Figure 18. The substituted process
wi || be described hereunder gv{&t le m
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onmtting the explanation of the other processes for avoiding duﬁ3c%0ed’ﬂﬂﬂ
descri pti,on. 1n this second enbodi nent, upon advancing forward to
step Sa34, the programruns to execute the synthesizing process using the
sel ected hardware as shown in Figure 9623 n step Sgl, the event detection
is carried out as in step SeI.F Gﬂﬁf sgsst em check for voice

all ocation is executed. Mre arit a vice to handl e the
synthesis is determned for each voice (tinbre) out of the CPU and the LSI
sound source. The criteria for this allocation will be described

her eunder. Generally, the sound source has uni que

65 di sposition of available tinbres, so that an individual tinbre

can be specified by a unique tinbre code. Thus, it is possible to inplenent
a table containing the list of the tinbre codes of

OS AREA

WAVEFORM SYNTHESIZING
PROGRAM AREA

APPLICATION PROGRAM
AREA (1)

APPLICATION PROGRAM
AREA (n)

DATA AREA
WAVE DATA AREA "WAVE"




| | | o o9 Oi6 200
t he percussive tones in advance, in order to discrimnate between™ he tones
to be handled by the CPU 10 in case that the tinbre code detected for the
rel evant event is found in the table d the other tones to be handl ed by
the LSI sound source 22. However in Qﬁgﬁbresent enbodi ment, the allocation

criteria may not be limted to i dez It is possible to setup
ti mbre handl i ng nmeans under thJEHEGEJEPESJE? ?Z such a manner that a

certain tinbre is to be handled by the CPU, and another tinbre is to be
handl ed by the sound source. Each tone can al so be allocated depending
upon the nunber of the channels which can be used for sinultaneous

synt hesi zi ng. Further, under a conpul sory node, each tone can be all ocated

forcibly by other running pr - tones allocated to the LS
sound source, vacant channel(s GPld SYSEEM ByASKe )voi ce al |l ocation process
in step Sg3 as in step Sed i 5 Sg4, the waveform

rel evant to the key-on event is synthgsized through the vacant channels.
The synt hesi zi ng net hod for thj i i ot gm'ted to the FM node,
t he harnoni cs synt hesi zi ng nodpINFTIABIZATION: Ting node, but it is
possible to use, for exanple, out the wave data fromthe

\

SYSTEM S92
ADMINISTRATION (OS) |

f

APPLICATION (1) — S3

WAVEFORM sS4
SYNTHESIZING -
PROGRAM

APPLICATION(m) }— S5




66 wavef orm nenory 25, dependi ng upon the characterlsthﬁ ﬁg
I nstal |l ed sound source 22. On the other hand, for the tlnbres ated to
the CPU, 'the CPU synthesi zing aIIocatlon procedure is done in order to

generate an allocation conmand to geh€@ate meve data relevant to the
detected event in step Sg5 as i degqnfsi re 15). If the allocation
command i s available, the dete J results in "Yes", and the
synt hesi zing calculation in step Sg7 is executed to generate a waveform
rel evant to the : I@@- hesis of the waveformis
effected by the y're u in order to reduce the | oad
for the CPU as d hand, when the allocation

command is not available, the gletection in step

OPERATING MODE SETUP Saf
AND HARDWARE CHECK | *2

\

WAVEFORM LOADING | _—Sa2

)
_—NO<IF SETFLG=1)/3a3
| —YES /384
IF CPU SYNTHESIZING \NO
MODE
YES Sab
2, NO
(IF ENBLFLG#1 ) Sab
oo oI
IF ALLOCATION MODE %%ESSING
No / IS EITHER OF CPU
SELECT MODE AND sSarl
SOUND SOURCE SELECT [ /TF CPU WAVEFORM
Sal? MODE GENERATION
\ YES COMMAND IS ISSUED
_ . YES ,Sa8
BACENEL -1 WAVEFORM
SETFLG-"1 | COMPUTATION
RET . ‘ /SaQ
[:I NO / IF PROGRAM IS
| | TERMINATED
— VES _5al0
SETFLG =0

@



Sg6 results in "No", and the procedure returns. In this second

enbodi nent, nusical sounds can be allocated selectively to4 eDqu@@@d t he
sound source according to their tinbéﬁ§ so that the optinum distti ion
of the processing load for the CPU an %% sound source is possi bl e, and
the various tinbres can be genﬁét\jmre@i ning the quality of the
repr oduced sounds. For summary, eviXe provi des performance
information which contains tinbre infornmation effective to specify a

tinbre of the nmusical sound and timng information effective to specify a
timng of generation of the nusical sound. One of the first

67 23 DEC
2t 0 wavef orm generat or and the second waveform generator is designated
in correspondence with the tinbre inforngtspon so that the output device
generates the nusical sound having the 4 fied tinbre at the specified

timng. In the first and second enbo
for one tone is executed in the channel s

pent s, the synthesizing process
br ovi ded on the CPU or in the

ot her channels provided in the s I — er, the synthesizin
process for a tgne can be un%ﬁﬁﬂﬁﬁf§<:p8ev Y J
BUSY -1 | Sal3

DACENBL =——0

TCOUNT =—0

SCOUNT~—0 }— Sal4

TIMER START

‘ .
TRIAL SAMPLE | Sal5

VALUE COMPUTATION

SCOUNT=—|__sa16

SCOUNT+1
Sal7
<o
YES



executed by both of the CPU and the sound source. In this arrangg@pyﬁ h@
I's possible to use the harnonics synthesizing node in the CPU side, G 0
use a node ot her than the harnonics sgyi;_ﬁsi zing, e.g., the FMnode in the
sound source side, so that variationa¥/tohes can be generated because the
sanme tone is synthesized by th i r | c4l @ 1 on nodes. The purpose of
a third enbodi nent is directediga CESLEERJEgoiIt. In the third enbodi nent,
the LSI sound source is assuned to be installed in the systemas shown in
Figures 1 and 24. h respect to the waveform synthesizing program the
synt hesi zi ng proc usi ng the sel ected hardware device (Figures 15 and 16)
Is replaced with tHe process shown in Figure 19. Mre particularly, the
synt hesi zi ng_proce using the selected hardware in step Sa34 (Figure 11)
I's substitut Eﬁ?ﬂyﬂ in Figure 19. The substituted process
w |l be descld whil e 68
omtting the explanati on of the other processes for avoiding duplicated

description In thi s efbodi , upon advancing forward to step Sa34,
t he synt hesﬁg ecute the synthesizing process using
the sel ectefl har TxT3own in

1

ALARM ,AND
SELECT Fs OUT OF | |- AT BACKUP

32,44.1,48,50kHz WAVEFORM

(SMALLER AND
CLOSEST TO Fs) COMPUTATION

MODE Sa24

— Sa23

CF BACKUP WAVEFORMN\ NO Sa26

COMPUTATION MODE
IS SPECIFIED /
YES IF PROGRAM IS |
' \ - YES

WAVEFORM COMPUTATION BY
PRIMARY MODE, AND WAVEFORM
MEMORY READOUT MODE
AUTOMATICALLY SELECTED

FOR SYNTHESIZING

Sa2T
4
‘ SETFLG~-0
ENBLFLG=-1 | _ga22 | ‘
DACENBL =—1 ]RETI
SETFLG<—1_

RET



23 DEC 2000
Figure 19. In step Shl, the event detection is carried out as in steps Sel
and Sgl. ,In step Sh2, system check for voice allocation is executed. Mre
particularly, a device to handle thegiygéﬂesis is determ ned for each
voi ce (tone) out of the CPU and the L nd source. The criteria for this
all ocation may be the tinbre code, nunber of channels available for
si mul t aneous synt hesi zing, or the setup configured by the nmanual or
conmpul sory node, as in the second enbodinent. 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
rel evant to the note-on event is synthesized through the vacant channels.
The synthesizing nethod for this operation is not limted to the FM node
or the harnonics synthesizing nmethod, but it is possible to use, for
exanpl e, the physical nodeling node and the PCM node to read out the wave
data fromthe waveform nenory 25 dependi ng upon the characteristics of the

install ed sound source 22. On the other hand. for the tones allocated to
t he
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69

CPU,

K§d
t he CPU synt hesi zing all ocation procedure is donezl n order

2000

to generate an allocation conmand relevant to the detected note-on event in

step Sh5 as in step Se7 (Figure 15).
method is included in the allocation

of the CPU and the sound sourc

the LSI sound source,
CPU. These proce
the d

avai |l abl e,

ses are executed in parallel.
step Sh6 results in

orSa

whi | e tthE@rEIBf ! grz

pES

n Yesll ,

mat i on about the cal cul ation

nd. The voice allocated to both
eps Sh3 and step Sh4 by
essed in steps Sh5 by the
If the allocation command is

and the synthesizing

cal cul ation j d to generate a waveformrelevant to the
al | ocati on WMHEF@RMkEOA[EIN@: d enbodi nent, the synthesi zing

cal cul ati o\ i ¥ROGESIY various nod i ncluding the FM harnonics

synt hesi zi ngj; so on. On the other hand, if the

al l ocation conmand is hot available, $lb$ detection in step Sh6 results in
"No", and the . In the third enbodi nent, a voice
(tone) can be CPU and the LSI sound source so that
di fferent wav or the gjp# tone actually. Due to
this feature, al so diversify the tones of the
system For su generator and the second
wavef or m gener at or are hat the controller

devi ce NO
> NO

AV
TRANSFERRED FROM
‘DATA I/F

YES

\

IF ACCESS EVENT
IS DETECTED FOR

Sb2

DISK
SAMPLE DUMP / YES Sbb
RECEIVING / :
PROCESS DISK DATA CHECK
{
o [E | o Brerye
RECEIVIN <IF WAVE DATA EXISTS>—>
S YES - - Sh8 |
RET READOUT AND TRANSFER
WAVE DATA
RAM " WAVE” ~—DISC
PR
'_\'9_<1F ROADING FINISHES>
YES

@



operates both of the first wavef orm generator and the second vav et 3r bl 2000
generator. to concurrently create waveforns in parallel manner for a single

tinbre. A fourth enbodi ment wl | é&r pl ai ned hereunder. Even though
the voice allocation node is introdud éaithe enbodinents descri bed above
nore sinple inplenmentation is ;FSEGIIE!/BE |ch can be allocated to
a certain sound source device ils to the rel evant device

upon the event detection, provided that the deV|ce is installed in the
system The very inplenentation is provided in this fourth enbodi nent. The
fourth enbodi nent asagﬁﬁé t, the sound source 22 is installed as shown in
Figure 1 or 24, as i Ps and third enbodi nents. Wth respect to the
maveforn1synthesi2| g program the synthesizing process using the selected
har dwar e devi ce W‘;ﬁr X s replaced with the process shown in
Figure 20. More * A thesi zi ng process using the selected
_hardware device I Vig- (Frgure” 11) is substituted for the process
shown ‘in Figure 20 The substituted pﬁggﬁss wi |l be described hereunder,

while omtting the explanatﬁon of tle other processes for avoiding
' di nment

upon advancing forward to

step Sa34, the sy t he synt hesi zi ng

g;ocess usi ng the ¥ ) A o 503
/ /
'CO-PROCESSOR

EEE]



Figure 20. First of all, the event detection is carried out thogg‘% ‘Q% ;an
process i,s not illustrated. In step Sil, voice allocation is executed to
create a vacant channel in the LS s&:%source. In step Si 2, the waveform
relevant to the detected event is a y synt hesi zed using the vacant
channel . The synthesizing neth rﬁm erIt'on Is not limted to the
FM node or the harnonics synt hdsikz - t™fMt is possible to use, for
exanpl e, the physical nodeling node and the PCM node to read out the wave
data fromthe waveform nenory 25 dependi ng upon the characteristics of
the install ed( SR guf;(g e 22. After the synthesizing, the procedure
returns. Thus,( I n %Dhe o?jrth enbodi nent, an event which can be allocated
to a certdESPHSG=SOY GETCe ice is sinply allocated to this device upon

the even s APTOX dedlthat this device is installed in the system

F FM MOD NO  gd3

YES | /TF WAVEFORM NO
Sq2 MEMORY READOUT Sdb
MODE IS SET /

\ YES ‘

FM WAVEFORM TF HARMONICS\ No

SYNTHESIZING SYNTHESIZING Y~

COMPUTATION S/d4 MODE 1S SET Sd7
YES

WAVEFORM MEMORY
READOUT PROCESS
USING WAVE DATA

IF PHYSICAL
MODEL
SYNTHESIZING

LOADED IN AREA MODE 1S SET
"WAVE" OF RAM OR vEs
STORED IN ROM
Sd6
\
SAMPLE VOLUE
COMPUTATION BY
HARMONICS
SYNTHESIZING MODE Sd8
SAMPLE VALUE
COMPUTATION
BY PHYSICAL
MODEL
SYNTHESIZING
MODE
psti, S
Sd9 AL?RM
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£ v viu<l
I nventive mnusical sound generating apparatus. This enbodi nent has
basically the sane construction as the first enbodinent shown in Figure 1.
The sane conponents are denoted by 1t pe%:iama references as those of the
first enbodinent to facilitate betté derstandi ng of the additional
enbodi nent. The storage unit lE‘Ig wfﬁgar i-ﬁ} data such as waveform
data and various prograns incl ldi ste ontrol program or basic
program the waveform 72
23 D3C  synthesi ¢SAEPR &3 and ot her application programs. Nornally, the

ROM 11 provy, ans. However, if not, any program
may be | o0 NFRESIDOH WAVEFORMe \n the storage unit 15. The | oaded
program it tUQNGeSEEECTEDhHARDWARE knabl e the CPU 10 to operate the
i nventive UNDRfSOMRGEsi cal sound génerating apparatus. By such a

manner, new or version-up prograns can be readily installed in the system
For this purpose, a \

EVENT DETECTING Sel
ADIMINISTRATION |

Se2
IF SOUND SOURCE 5 NO @
SELECT MODE
YES /Se3
IF SOUND SOURCE NO Seb
SYNTHESIZING CONDITION
IS SATISFIED / - Se8
YES CRTNCATIN =71 NO IF
-~ ggggg‘?m ~—\ENBLFIG=1 > Se’
Sed ~ | YES |/
VOICE ALLOCATION
VOICE ALLOCATION TO CPU SYNTHESIZING
Seb MODE

N |

SYNTHESIS WITH
SELECTED HARDWARE

®
IF ALLOCATION Se9
NO / COMMAND EXISTS FOR
CPU WAVEFORM
SYNTHESIS

YES

1

WAVEFORM SYNTHESIS| 5610
COMPUTATION

]

@




machi ne-readabl e nmedi a such as a CD- ROM (Conpact Disc Read Only I\/Era)pygﬁ%l 200

is utilized to install the program The CD-ROM 51 is set into a CD- ROM
drive 52 to read out and downl oad tq$ﬁ§${gramfromthe CD-ROM 51 into the
storage unit 15 through the bus 12. chi ne-readabl e nedi a may be
conposed of a magnetic disk or i's her than the CD-ROM 51.

A (r:rgmmni cation ignterface 53 iEaEﬁMEdEjo gn xternal server conputer 54
t hrough a conmuni cati on network 55 such as LAN (Local Area Network), public
t el ephone network and I NTERNET. If the storage 15 does not reserve
needed data or program the communication interfdcé 53 i sS&tlvated to
receive the data or programfromthe server conmpyter 54./The CPU 10
transmts a request to the server conpu e {\terface 53 and
the network 55. In response t oNChe rg NSRS

73 54 tré i

The transmitted @8t programis st
unit 15 to thereby conplete t he dommloadlng
sound gener at i ng—apparatus—eanr—be—i npl enent ed
is installed w ICRe Al g 0EA THON ]
and prograns ar @rgm S@U@E uger

gPhpar at us.
¥ the storage
P(£3 nventi vggTgsi cal
y ner songt” conput er whi ch
ase, the data

SYNTHESIS USING VOICE ALLOCATION
SELECTED HARDWARE TO CPU

Selb !
®
FIGURE 17
TIMER PROCESS
(INTERRUPT)
St
. N0 _—1p BUSY=1
YES

TCOUNT =—TCOUNT+1 — Sf2

o

OTHER MISCELLANEOUS | g¢q
TIMER PROCESSES

RET



machi ne-readabl e medi a such as the CD-ROM 51 or a floppy disk. T?@ DFC 200 .
machi.ne-r.eadabl e nmedi a contains instructions for causing the persona 0
conputer to performthe inventive nusjcal sound generating nethod as
described in conjunction wth the p K“Qus enbodi nents. O herw se, the
ersonal conputer may receive t £ ans through the

(F:)on’mjni cati onrrpnetvvor ky55. IHUREI ﬁéﬂg descri beg above, the
optional devices including the co-processor 17, DSP 21, sound source 22

are referred to as exenples, but (SEEPpSa84nl device is not linmited to
t hese devices. The present_invention can be utilized in the application

systens such as personal "THES@I rW@WEFW' ] nstrunent, gane
nmachi ne and so on in Wwhi clwirt.gtggil E‘ﬂ)wr t ed. As shown
0 e present "invention_Avarious effects can

in the foregoing, accordi
be derived. It is possible to generatq various nusical sounds and to
reduce a processing 7

EVENT DETECTING | _ gg1
ADMINISTRATION

Sg?

\
SYSTEM CHECK FOR VOICE ALLOCATION

CPU
: (WAVEFORM MEMORY
SOUND SOURCE READOUT MODE)

Sg3 | Sg5

\
"\l VOICE ALLOCATION TO VOICE ALLOCATION.
SOUND SOURCE TO CPU

SYNTHESIZING WAVEFORM Sqd
WITH SELECTED HARDWARE Ve g

PCM SYNTHESIS WITH
BUILT-IN WAVEROM MEMORY,
FM SYNTHESIS,OR PHYSICAL
MODEL SYTHESIS

Sgb

NO /Ir ALLOCATION COMMAND
EXISTS FOR CPU_SYNTHESIS
‘ | YES

SYNTHESIZING WAVEFORM
BY READING OUT WAVE Sg7
DATA FROM AREA " WAVE”
fxT SAMPLING FREQUENCY
S




| oad required for nusical sound generation. The nusical sound can be
generated at the opti num sanple frequency for the configuration oZ&WEC 2000
apparatus. The structure for generating the wave data of the nusical soun
can be significantly sinplified. ThlTy(2Bity of the generated nusi cal
sound can be retained even in | ijr e bﬁr ware. The nusical sound
can be generated according to tglg rREe i rmation even if the

vol une of the performance information becones | arge.

(STEP Sa34)

SYNTHESIZING WAVEFORM
WITH SELECTED HARDWARE

EVENT DETECTING | _ ghi
ADMINISTRATION Sh2

/

SYSTEM CHECK FOR VOICE ALLOCATION
SYNTHESIS

WITH BOTH OF CPU

SOUND SOURCE CPU AND SOUND SOURCE

=T U S

SPQ S

VOICE ALLOCATION TO VOICE ALLOCATION | - Shh
SOUND SOURCE TO CPU '

SYNTHESIZING WAVEFORM | — Sh4
BY SELECTED HARDWARE

Shé ~ =
IF ALLOCATION COMMAND \ NO
EXISTS FOR CPU /

YES

\

SYNTHESIZING COMPUTATION ShT
AT SAMPLING FREQUENCY |—

fs
‘RET I




5o 23 503 DEC 2000

1. A nusical sound generating apparatus having a CPU for
creating a waveformto generate a nusiég sound according to performance .
i nformation, conprising: first & orm gener ator nmeans operable for

creating a waveform the first r er means conprising a
har dwar e nodul e control |l ed by tmGJUnF?E gﬁnd wavef or m gener at or
means oper abl e i ndependently

(STEP Sa34)

SYNTHESIZING PROCESS
WITH SELECTED HARDWARE

(

VOICE ALLOCATION — Sil

) \

SYNTHESIZING WAVEFORM | __Sj2
WITH SELECTED HARDWARE

RET



fromthe first waveform generator neans for creating a waveform tﬂes DEC 2000
second wavef orm generat or neans conprising a software nodul e executed by

t he CPU; i nput rmeans for providing performance informtion;

desi gnati ng nmeans responsive to the p49j@3rance information for

designating both of the first waveform generator neans and the second
wavef orm generator neans such that the CPU operates both of the first
wavef orm generat or means and the second wavef orm generator nmeans upon the
designating by the designating neans so as to create wavefornms in a

parall el rmanner; and outégt means for generating the nusical sound
based on the created wavefornms. f, 2. A nusical sound generating apparatus
according to claim 1, e 76
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wherein the first waveform generator neans conprises a hardware rmd%lsenfc 200
having a_digital signal processor. 3. A nusical sound generating

apparatus according to claiml1l, wherein the second waveform generator

means conprises a plurality of softw2@g28dul es which are operabl e based

on different algorithns to arithnetically create digital wavefornms having
different qualities.

=
-
=
jun)
O A\
o
N\
@]
<
(o]
o
1
N ]
AN N
O —
LL] @ §
oC A
=) i
O =~ =
— 0 g 5
L A = 5 2
& a
-2 < —w
S S 2
Q,/ é .
— = g <t
- m —
| =
RN
o__|2 _ O a
- % = > "_Q
=)
=



2-3 BEC 2000

77

21/23

9l Gl 4/ W aw mez
Vl—1 o1
71 xvidsial | a/ad
\
< 3 | | 4
10d1n0 ~— ava dsa vy | 958 | | wva | | oy | | ado
€¢ 12 8l Ll el Ll 0l

€¢ 'ddN9l4



23 0 oo

22/23

o\ L Gl 4/ HH mml_wm HEE
Vl—

71 avsial | a/ad 0/1

A A
< . D4

104100 - ava mmmmmm NTALL wod | | ndd
\ ‘ // \ / ﬂ

€2 K 8l Lol

yZ 34N9I4



0002 030 ¢ 2

23/23

| ALOINOD
S~ "aas g
gg— " ) zg 91 Sl m\w Qe 1AW
\ [ ] B
\\ govaualNl| | aania 71—
€ T INOLLYOINOWNOD|  [wod-qol AV | B 0/1
A |
\
< 7
A A [ 1
1natns 1 ova | [Pannoa | asa | | wva | Jovia) feama| | 938 | | wva | | moa | | ndo
) )
mN\ 2’| P iz | __P N,_F WP v_ ,_
KIOWAN 0¢ 6l 8 oL
aodaAv Ay | VA .
g vz

G¢ FHNOI



