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_ Tone Wavef orm Generating Met hod deéﬁppara
Based on Sof t war e The present invention re fes to a
“met hod of and apparatus for generating a tone waveform by a conputer
5 executing a software programto cal cul ate tone waveform sanpl e
val ues, to thereby allow a CPU or processor of a mcro conput er system
to function as a tone generator. El ectroni c nusical instrunents
are conventionally known .which inplement a tone generator, circuit by a
tone generating 10 software program executed by a CPU. In order to
reproduce a tone wavef orm wi th stich known el ectroni ¢ nusi cal
Instrunents, it is necessary to supply tone wavef orm sanpl e val ues to

a digital-to-anal og converter (DAC) regularly in
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The present invention relates to a method of and
apparatus fof generating a tone waveform by a computer
executing a software program to lcalc.ulate tone waveform
sample Values, to thereby allow a CPU or processor of a micro
computer system to function as a tone generator.

Electronic.mﬁsical instruments are conventionally known
which implement a tone generator circuit by a tone generating
software prbgram executed by a CPU. In order to reproduce
a tone waveform with such known electronic musical
instruments, it is necessary to supply fone waveform sample
values to a digital-to-analog converter (DAC) regularly in
response to clock pulses corresponding'to a predetermined
sampling frequency. The conventionally-known electronic
musical instruments are designed to generate tone waveform
samples by performing tone generating calculation in response
to generation of each clock pulse. But; calculating a tone
waveform sample value in response to each such clock pulse
would undesirably result in inefficient operation of the CPU
because preparing for and ending eadh tone waveform sample
ﬁalue calculation require a considerable overhead.

To provide a solution to the problem, it has been



response to clock pulses corresponding to a predetermined 15 sanpling

frequency. The conventional | y-known el ectronic musi cal instrunents
are designed to generate tone waveform sanpl es by perform ng tone
generating cal culation in response to generation of each clock pul se.
But, calculating a tone wavef orm sanpl e value in response to each such
clock pulse 20 would undesirably result in inefficient operation of the
CPU because preparing for and endi ng each tone waveform sanpl e

val ue calculation require a considerablg over head. To provide a
solution to the problem it has been = ¢~

-2- proposed to calculate a plurality of tone waveform sanpl e -
val ues toggHhstedl @b RACUIHER & | ¥eh¥all 8PYof H¥riPNPdveform Cahmphat i ng
clock pulse "that. is generated once every predeterm ned plurality

of sanplingathe@sk RodetherOWe el , edch | Nrédatsvaligr e lidiey,t onepgtonaat i ng
software programis run _ :
calculating clock pulse that is generated once every
predetermined plurality of sampling clock pulses. However,
5 in cases where the tone generating software program is run
concurrently with other softwére, such as business or game
software, burdens on the CPU tend to be significantly great
because tone waveform sample values for a plurality of
samples have to be calculated iﬁ response to each calculating
10 clock pulse, thus resulting in operational delays of the
other software.

It is therefore an object of the present invention to
provide a method of and apparatus for generating tone
waveform samples by executing tone Qenerating software, which

15 can prevent -or minimize operational deiays of other software
program execqted concurrently with the +tone generating
software.

In order to accomplish the above-mentioned object, the
present invention provides a method of generating a tone

20 waveform based on automatic perférmance information, which_
includes executing a waveform calculating process for
calculating tone waveform samples by sharing an arithmetic
processing section with another process, and which is
characterized by comprising the steps of detecting a portion

25 of processing capability of the arithmetic processing section

that is not currently occupied by the other process as



cofhcurrently with other software, such as business or gane sof tware,
burdens on the CPU tend to be significantly great because tone
wavef orm sanpl e values for a plurality of sanpl es have to be

cal cul ated in response to each calculating 10 clock pulse, thus resulting
I n operational delays of the ot her software. It is therefore
an object of the present invention to provi de a nethod of and
apparatus for generating tone wavef orm sanpl es by executing tone
generating software, which 15 <can preyent or m nimze operational delays
of other software program execut éd®concurrently with the tone

generati ng sof t war e. In order to acconplish the

above- nent ;pae8agbe %f@céi'@ing capiSEeity I #H4etheOtaRbebirfiC8aiciBaBOAgOl
generating a tone wavef or m based on automati c performance infornation,

which - prBeessss caleuliaititigd a\ayPapaTi €l 6t ajoney wevessem f samples

cal cul ati ng tone waveform sanpl es by sharing an arithnetic processing .
section w basadot bar ptleeesperformahceh iaformatdbar adirer i adviatxye coofiri si ng
the steps of detecting a portion 25 of processing capability of the

arit hnet i copedetermigedc@anaration t himing ridtenaaf chy| \exeauiingl thet he

ot her process as -
5 waveform calculating process using the available processing

capability detected by the step of detecting, this step of
calcuiating including a step of storing the calculated tone
waveform samples in a memory, and generating a tone waveform
by reading out the tone waveform samples from the memory.
10 The present invention is charactefized in that a portion
of processing capability of the arithmetic processing section
that is not currently occupied by the other process is
detected as available processing capability for the waveform
calculating process and in that the waveform'calculatihg
15 process is executed using the thus-detected available
processing capability so as to calculate tone waveform
samples corresponding to the detected available processing
capability. The calculated tone waveform samples are stored
in a memory and then output from the memory at a
20 predetermined sampling frequency. The calculation of the
tone waveform samples is always executed in advance of
predetermined generation timing when these'samples are to be
output. According to the present invention, tone waveform
samples are calculated 6n1y to the amount corresponding to
25 the detected available processing capability. In cases where

a plurality of application programs are concurrently run on



-3 # avail able processing capability for the waveform cal cul ating
process, calculating a plurality of tone waveform sanples based on the
performance information in advance of - predeterm ned generation timng
thereof by executing the 5 waveform calculating process using the
avai | abl e processing capability detected by the step of detecting,
this step of calculating including a step of storing the cal cul ated

t one wavef orm sanples in a nmenory, and generating a tone waveform

by readi ng out the tone waveform sanples fromthe nmenory. 10 The
present invention is characterized in"that a portion of processing
capability of the arithnetic processing section . that is not currently

occupi ed by hlieeOtdSk PHLLESKHIS arrandRiRnitcdrashaVehbahteon! peenstay
capability for the waveform cal culating process and in that the

wavef or m cak€bd atdmd wakre FRMIPC &mplics toXdeutadcullaited ahBesatvBdswHehect ed

avai l abl e processing capability so as to calcul ate tone waveform

sufficient processing capability of the arithmetic processing

section is available for the waveform sample calculation,

5 thus providing increased operational efficiency of the

arithmetic processing section. Also, even when the

arithmetic processing section is busy with another

application program, i.e., even when the arithmetic

processing section is used for the other application program

10 with priority over the waveform sample calculation,: tqne

waveform samples can continue to be output without albreak

by juét reading out the tone waveform samples calculated and

saved previously when sufficient processing capability of the

arithmetic processing section was available for the waveform

15 sample calculation, with the result that the other

| application program can be executed with increased
efficiency.

The step of calculating a plurality 6f tone waveform

samples may calculate one or more predetermined units of the

20 tone waveform samples collectively depending on the detected

available processing capability, with each of the ﬁnits being

a predetermined number of thée tone waveform samples. This

arrangement of the invention can substantially reduce the

overhead spent in preparing for the waveform sample value

25 caldulating process and the like.

Further, in a preferred embodiment, the step of.



sarfpl es *correspondi ng to the detected avail abl e processing capability.

The cal cul ated tone waveform sanples are stored in a nmenory and then
Qutput fromthe nenory at a 20 predeterm ned sanpling frequency. The

cal cul ation of the tone waveform sanples is al ways executed in advance
of predet erm ned generation timng when these sanples are to be

out put. According to the present invention, tone waveform sanples are
calculated only to the amount corresponding to 25 the detected available
processing capability. |In cases where a plurality of application

progranms are concurrently run on =5- _ _ _
a nultitask basis, this arrangenent of the invention permts

extra tonecedeafienings aakres cA1L0161lisY ¢hedtahd sAvetoMtCRamples in .
sufficient processing capability of the arithnetic processing section

is avai | abldvhnret bf the e tepnoingeneréditg, abh@Nthe St o0 geHeHatd ng
I ncreased operational efficiency of the
starts reading the tone waveform samples from the memory only
after a plurality of the tone waveform samples are stored in
5 the memory.

When more than a predetermined number of unread tone
waveform samples are not resident in the memory, the. step of
calculating may calculate a predetermined number of tone
waveform samples irrespective of the detected available

10 processing capability. Thus, even when more +than a
predetermined number of unread tone waveform samples are not
resident in the memory (e.g., when no tone waveform sample
is contained in the memory at all) due to the fact that the
arithmetic processing section is too busy with another

15 process to execute the advanced calculation of tone waveform
samples, calculation of tone waveform samples can always be
guaranteed to provide a predetermined number of tone waveform
samples, whiéh reliably prevents an unwaﬁted break in
'generated tones.

20 ' According to another aspect, the present invention
provides a method of generating a tone waveform based on
performance information, which includes ekecuting a waveform
calcﬁlating process for calculating tone waveform samples by
sharing an arithmetic processing section with another

25 process, and which is characterized by comprising the sfeps

of detecting an amount of calculation necessary for the other



artthnmetic processing section. Al so, even when the arithnetic
processing section is busy wth another application program
i.e., even when the arithnetic processi ng section is used for the
other application program 10 with priority over the waveform sanple

cal cul ation, tone wavef orm sanpl es can continue to be output w thout a
br eak by just reading out the tone waveform sanpl es cal cul ated and
saved previously when sufficient processing capability of the

arithmetic processing section was avail able for the waveform 15 sanple
calculation with the result that™ @He other application program
can executed with increased -efficiency. The step of

cal Cul at Sodid!" Ay efufa, ?ﬁﬁrdﬁyﬁﬁ Ot culatidgP! SPodBYs CalL Ulka! epgne or

nore predetermned units tone waveform sanples collectively
dependi ng @fediitedft cahdd calcaVating! e tinecessavarsnpabidaiplesii tiByeach

of the units belng a predeterm ned nunber of the tone waveform
sanpl es. TeeBectivelby rapgewehhg othé heavafent i calcabatinmgt procassythatuce
t he overhead spent in preparing for the waveform sanple value 25

cal cul ati ninpobvess sandifferénkecalculation Rmaundr dEQeadpngfexreuhe
enbodi nent, the step of
5 amount o calculation necessary for the other process
detected by the step of detecting.

This arrangement_ achieves efficient processing by
permitting selective switching in the calculation amount of
the waveform calculating process. For example, the

10 - calculation amount is made relatively small when the amount

| of calculation necessary for the other process is relatively

great; otherwise the calculation amount is made relatively
great.

Preferably, tone waveform samples may be calculated with

15 different precision depending on the calculation amount
involved in the waveform calculating process. Namely, by
selectively switching the calculating precision of . the
waveform calculating process depending on the amount 6f
calculation necessary for the other process, tone waveform

20 samples can be calculated with relatively low (coarse)
precision when the amount of ealculation necessary for the
other process is relatively great, while tone waveform
samples_'can be calculated with relatively high (fine)
precision when the amouﬁt of calculation necessary for the

25 other process is relatively small. This allows tone waveform

samples to be generated without involving increased burdens



-~ 5 * calculating starts calculating the tone waveform sanples in
~advance of the step of generating, and the step of generating starts
readi ng the tone waveform sanples fromthe nmenory only after a
plurality of the tone waveform sanples are stored in 5 the nenory.

When nore than a predeterm ned nunber of unread tone

are not

a predeterm ned nunber of tone

detected available 10 processing capability. Thus, even when

than a

pr edet er m ned nunber of inf €ad tone wavef orm sanpl es are

resident in the menory (e.g., when no tone waveform sanpl e S

contained ;0 %Re "BAPENmEE

&l brofldgsif

wavef or m sanpl es
resident in the nmenory, the step of cal cul ating may cal cul ate

wavef orm sanpl es irrespective of the

nor e
not
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processing section Is too busy wth angther 15 process to execute the
advanced cgtrélaproBess hRACWIBMEHLE BhusingSaAPhAfantaldcbrakkon of tone

wavef orm sanpl es can al ways be

nunber of tone aewerding to still another aspect, the present invention

10
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20

25

provides a method of generating tone waveforms corresponding
to first performance information based oh_ a real-time
performance and second performance information based on an
automatic peFformance, which includes executing a  waveform
calculating process for calculating tone waveform samples on
the basis of the first and second performance information,
respectively, by use of a common arithmetic processing
section, and which is characterized by comprising the steps
of calculating a predetermined number of first tone waveform
samples for each predetermined period on the basis of the
first performance information supplied in response to a real-
time performance, detecting a portion of processing
capability of:the arithmetic processing section which is not
currently occupied by a process for calculéting_the first
tone waveform samples as available processing capability for

generation of a tone waveform based on the second performance

information, calculating second tone waveform samples based

on the seéond performance information in édvance of
predetermined generation timing thereof using the available
processing capability detected by the step of detecting,
storing in a memory the first and second tone waveform
samples calculated by the steps of calculating, and

generating tone waveforms corresponding to the real-time

guaranteed to provide a predeterm ned



safipl est which reliably prevents an unwanted break in gener ated tones.

20 According to anot her aspect, the present invention provi des
a method of generating a tone waveform based on per f or mance
information, which includes executing a waveform cal cul ating process
for cal culating tone waveform sanpl es by sharing an arithnetic
processi ng section with another 25 process, and which is characterized by
conprising the steps of detecting an anount of cal cul ati on necessary
for the other ' - 6- process

- when the waveform cal cul ating process'i§ To be - executed, and
calculating tone waveform sanples by sel ectively executing the

wavef or m cgbeebahifide Pr 868SSatibéhatic b8¥9£¥ﬁ§néediﬁfergfﬁcﬁﬁbﬁéhélkon
anount depending on the 5 amount of “cal cul ation necessary for the
ot her progesding théeregtedahdl &86ofillePoné WevetdbrMdsamples from the
memory.
According to this arrangement, the second tone waveform
5 éaﬁples_ based on the second performance information are
calculated and saved in advance of predetermined generation
timing thereof, when sufficient processing capability of the
arithmetic processing section is available. Thus, when the
first performance information is supplied in response to a
10 real-time performance, the process for calculating the first
tone waveform samples on the basis of the first performance
information can be executed with priority over the process
for calculating the second tone waveform samples. The
burdens on the ar%thmetic processing section are effectively
15 distributed timewise, which achieves increased operational

efficiency of the processing section.

For better understanding of various features of the
present invention, the preferred embodiments of the invention
-will be described in detail hereinbelow with reference to the

20 accompanying drawings, in which:

Fig. 1 is a block diagram illustrating an exempléry
hardware structure of a microcomputer system which has a tone.
generating function based on the principle of the present
invention;

25 Figs. 2A to 2B are diagrams illustrating exemplary



-Thifs arfangenent achieves efficient processing by permtting selective
swtching in the cal cul ati on anmount of the waveform cal cul ating
process. For exanple, the 10 calculation anobunt is nade relatively
‘smal | when the anmount of cal cul ati on necessary for the other process
Is relatively great; otherw se the cal culation anount is nade
relatively great. Preferably, tone waveform sanples may be
calculated with 15 different precision depending on the cal cul ation
anount i nvolved in the waveform cal cul ati ng process. Nanely, by
selectively switching the calculating'p?ébision of the wavef or m

cal cul ati ng process dependi ng on-the anount of cal cul ati on necessary

for the ot&ghe GOFEEEond 0BE WRALRIRIE sdfhy £8gPans e terleau! i egnai th
relatively Iow ™ (coarse) preci si on when the anDunt of cal cul ation

necessary mperddem uterog@gfe@rgfepgglefelatlvely great, while tone
wavef orm sanp?es can be calculated with relatively high (fine)

preci si on when Fhg.asou af timingl ehamt repidsswiorfyorof heep26ducthen
process is relatively small. This allows tone waveform sanpl es to be
gener at ed protessingvodyrhgdi avt ednethgumienocomputer system;
5 Fig. 4 is a flowchart illustrating exemplary operation
of the microcomputer system;
Fig. 5 is a flowchart illustrating a part of a detailed
control flow of the reproduction processing; and

Fig. 6 is a flowchart illustrating the remaining part

10 of the control flow of the reproduction processing.

Fig. 1 is a block diagram illustrating an exemplary

hardware structure of a microcomputer system 21 which has a
tone generating function based _on the principle of the
present invention. .The microcomputer system 21 comprises a

15 CPU 10 as an arithmetic processing section, to which are
connected, via a bus 22, a ROM 11, a RAM 12, a hard disk
device 13, a timer 14, a serial interface 15, a keyboard 16,

a display 17 and a reproduction section 18. The ROM 11 has
prestored therein a basic operating progrém that is essential

20 to the operation of the microcomputer system 21. The RAM 12
buffers data and a program to be executed, as well as various
data occurring during execution of a program by the CPU 10.

The hard disk device 13 has prestored therein a multimedia
application software set as shown in Fig. 2, etc. and the

25 multimedia application software set is read into the RAM 12



=77 ' on the arithnetic processing section and influencing the

other process and w thout causing an unwanted break. According to
still another aspect, the present invention provides a nethod of
generating tone waveforns corresponding 5 to first performance information
based on a real-tine performance and second perfornmance information
based on an automati c performnce, which includes executing a waveform
cal cul ating process for calculating tone waveform sanples on t he basis
of the first and second performance information, 10 respectively, by use
of a common arithnetic processing - Ction, and which is characterized
by conprising the steps of calculating a predeterm ned nunber of first

tone wavef pirfilor to $88PERScheioRAC m@rﬁéﬁ&éﬁﬁ%dj‘?:@g&q.a‘y' iheRasiss of

t he first performance information supplied in response to a real- 15
time " perfahsandmer def efitpits an Pt up®isidHaCeES| B8e cPU GaPaARE ity

of the arithnetic processing section which is not currently occupi ed
by a procesenfisr sempdihgt cigckhpullsest to the reproduction section 18.
The serial. interface 15 is provided for transmitting and
5 receivihg data and control signals to and from wvarious
externél peripﬁerals connectéd to the microcomputer system
21.

The keyboard 16 and display 17 may .both be of any
suitable type depending on a particular applica_tion of the
10 microcomputer system 21. Where the system 21 is applied for
example as an electronic musical instrument, the keyboard '16
may be the one conventional with an electronic piano keyboard
or the like, and the display 17 may be a conventional LCD
(Liquid Crystal Display). Where the system 21 is applied as
15 a karaoke dévice, the keyboard 16 may be one specialized to
permit a selection from among pre-recorded music pieces and
desired tempo control, and the display 17 may be a 1érge—size

CRT monitor. |
The reproduction.section 18 is a so-call sound board,
20 which stores in its internal buffer Wavefdrm data for a
plurality of samples received from the CPU 10 and outputs the
Waveforﬁt data to "l:he D/A converter 19 in response to each
sampling clock generated by the timer 14. The internal
buffer of the reproduction section 18 is of a type where data
25 can be additionally written, so that each group (i.e., block)

of waveform data received from the CPU 10 is stored in the



tore wavef orm sanpl es as avail abl e processing capability for

generation of a tone waveform based on the second performnce 20

i nformation, calculating second tone waveform sanpl es based on the
second performance information in advance of ~ predetermned generation
timng thereof using the avail able ~ processing capability detected by
the step of detecting, storing in a memory the first and second tone
waveform 25 sanples calculated by the steps of calculating, and
generating tone waveforns corresponding to the real-tine

- 8- performance and automatic pér brimance by synchronously

reading the first and second tone waveform sanples fromthe menory.

e L oeopa Saepes S, sl S FEyINE AT SRR SR 0 01

of predet ecuirteAtd¢nerddd OBut from the buffer. The buffer may be

constructed as a FIFO, dual-port or other suitable memory

structure. The D/A converter 19 converts each waveform data

5 supplied from the reproduction section 18 into an analog tone

signai, which is then audibly reproduced through a sound
system 20 éomprised of amplifiers and speakers.

In the above-mentioned hard disk 13, there may be stored

various other data such as automatic performance data and

10 chbrd progression data and the above-mentioned operating

program. By prestoring the operating program in the hard

disk 13 rather than in the ROM 11 and loading the operating

program into the RAM 12, the CPU 10 can operate in exactly

the same way as where the operating program is stored in the

15 ROM 11. This greatly facilitates version-up of the operatibn

program, addition of an operating program, etc. A CD-ROM

(compact disk) 23 may be used as a removébly—attachable

external recording medium for recording various data such as

automatic performance data, chord progression data and tone

20 waveform data and an optional operating program similarly to

the above-mentioned. Such-an operating program and data

stored in the CD-ROM 23 can be read out by a CD-ROM diive 24

to be transferred for storage into the hard disk 13. This

facilitates installation and version-up of the operating

25 program. The removably-attachable external recording medium

may of course be other than the CD-ROM, such as a floppy disk



4imMmng thereof, when sufficient processing capability of the

arithnetic processing section is avail able. Thus, when the first
performance information is supplied in response to a 10 real-tine
performance, the process for calculating the first t one waveform
sanples on the basis of the first performance " information can be
executed with priority over the process for calculating the second

t one wavef orm sanpl es. The burdens on the arithnetic processing
section are effectively 15 distributed tinmew se, which achieves increased
oper at'i onal efficiency of the prodéssing section. For
better understanding of various features of the present invention,

her ei nbel ow W

preferred gﬂ&p@%&ﬁg?é 8%E%g§%i§¥§ﬂtgga) wi |l be described in detai

acconpanyi ng draw ngs, in which:

erere

t he

Fig. 1is a bl ogkeGmmah8BatibNsided FEESR2ERAYPbE donnectd®td\@he Bhsuct ure

of a m croconputer systemwhich has a tone

generating function based

on the pripgi gbethatt BRePinE&LObEomputerNEgstemn21l dan be cohhgétedAviia 2B
are diagrans illustrating -exenplary

10

15

20

25

the interface 25 to a communication network 26 such as a LAN
(Local Area Network), internet and telephone line network and
can also be connected to an 'appropriate sever computer 27 via
the communication network 26. Thus, where the operating
program and various data are not contained in the hard Qisk
13, these operating program and data can be received from the
server computer 27 and downloaded into the hard disk 13. In
such a case, the microcomputer system 21, é "client", sends
a command requesting the server computer 27 to download the
operating. program and various data by way of the
communication interface 25 and communication network 26.  In
response to the command, the servér computer 27 delivers the
requested operating program and data to the microcomputer
system 21 wvia +the communication network 26. The
microcomputer system 21 completes the necessary downloading

by receiving the operating program and data via the

communication network 25 and storing these into the hard disk -

13.

It should be understood here thaf the microcomputer
system 21 may be implemented by installing the operating
program and various data corresponding to the present
invention in any commercially available personal computer.

In such a case, the operating program and various data



=9-* " configurations of various software prograns stored in the

m croconputer systemof Fig. 1; Fig. 3 is atimng chart

expl anatory of reproduction processing carried out in the

i croconputer system 5 Fig. 4 is a flowhart illustrating exenplary
operation of the m croconputer system _ Fig. 5is a flowhart
Illustrating a part of a detailed control flow of the reproduction
processi ng; and Fig. 6 is a flowhart illustrating the renalnlng
part 10 of the control flow of the re roductlon pr ocessi ng.

Fig. 1 is a block diagramillustrating exenplary har dwar e structure
of a m croconputer system 21 which has a tone generating function

et o, SRR (e proBbRte AR Ay 5 BLECIUITAL
whi ch” are usersC2ANgCi&ordéd ﬁo:ﬁiﬂ%r?%, racBeliAd m8aEfMN lduck 484 cf-sk

ROM or floppy disk, which is readable by the personal
computer. Where the personal computer is connected to a
S5 communication network such as a LAN, the operating program
and various data may be supplied to the personal computer via
the communication network similarly to the above-mentioned.
Fig. 2 éhows an exemplary configuration of the
multimedia~-type application software set stored in the RAM
10 12 of Fig. 1. As shown in Fig. 2A, this multimedia-type
application software set, which may for example be for
karaoke performance or for game playing, comprises a header,
overall control software, .image control software, music
control software and other control software. The header
15 contains various dafa indicative of a version, memory size,
etc. of the multimedia-type application software set. The
overall control software controls the concurrent or parallel
operation of the above-mentioned software in such a manner
that all these software operates smoothly, and the image
20 control software controls various images to be presented on
the display 17. The music control software controls
automatic éerformance based on éutomatic musical performance
data and generation of a tone waveform based on performance
data supplied on a real-time basis. The other control

25 software controls input by a user and other operations.

Fig. 2B shows a detail of the music control software,



-device 13, a tiner 14, a serial interface 15, a keyboard 16, a displ ay
17 and a reproduction section 18. The ROM 11 has prestored therein a
basi c operating programthat is essential 20 to the operation of the

‘m croconput er system 21. The RAM 12 buffers data and a programto be
executed, as well as various data occurring during execution of a
program by the CPU 10. | The hard di sk device 13 has prestored therein a
mul ti nmedi a application software set as shown in Fig. 2, etc. and the
25 mltinedia application software se is read - into the RAM 12

- 10 - prior to its execution. 4predetermned regul ar intervals,

the tinmer 14 outputs an interrupt signal to the CPU 10 and sends

sanpl i g CREknh PSR ridps: Pf88e§§§h§0§bé§ware, a ToReseblak
interface 15 is provided for transn1t i ng and 5 receiving data and-

control sigaghssketass,§ N spEémaitic perfaifanet Aataphictior amecaed to
the m croconputer. system
working area. The reproduction processing software performs
various operations, as flowcharted in Figs. 4, 5 and 6, to
5 simulate the function of a hardware tone generator. The tone
color data section contains various data to actually drive
the reproduction processing software, including parameters
for calculating waveform sample values and controlling
envelopes, filter controlling parameters, etc. Where the
10 reproduction processing software is designed to simulate a
PCM (Pulse Code Modulation) tone generator, the tone color
data section contains waveform data themselves. The
automatic performance data section contains sequence data for
automatically performing background and karaoke music. The
15 working area provides various registers to store data that
become necessary as the reproduction.prodessing software runs
as wéll as data produced during various processes, and the
working area correspdnds to internal registers of a
conventional hardware tone generator and registers of various
20 peripherals (e.g., of an interface) connected thereto.

Fig. 2C shows a detail of the working area, Fig. 2D
shows a detail of a sample buffer contained in the working
area, and Fig. 3 is a timing chart explanatory of tone
waveform generating operations of the microcdmputer system

25 21. As shown, the sample buffer is a ring buffer comprising

"n" blocks BLK(0) to BLK(n - 1), and according to the present



«21° - The keyboard 16 and display 17 may both be of any

suitabl e type depending on a particular application of the 10

m croconputer system 21. Were the system 21 is applied for exanpl e
‘as an el ectronic nusical instrunent, the keyboard 16 may be the one
conventional with an el ectronic piano keyboard or the like, and the
display 17 may be a conventional LCD (Liquid Crystal D splay). Were
the system 21 is applied as 15 a karaoke device, the keyboard 16 nay be
one specialized to permt a selection fromanong pre-recorded nusic

pi eces and desired tenpo controrjléhd the display 17 may be a

| ar ge-si ze CRT nonitor. ~ The reproduction section 18 is a

so-cal | SO&&gfebeﬂsﬂ; waAfb £ SRt 2685128 ddnpidt §112% wRYbEBEmBYRpEEM dat a

for a urality of sanples received fromthe CPU 10 and out puts the

wavef or m deaeués) t e Difi€e8MELHCEadl bR tAEPBNSEKEQ each sanpl i ng
cl ock generated by the tiner 14. The i nternal buffer of the

reproducti on sekhi did8 B35 ofthe treperoduertionatproCéssimg Isofandira obal |y
witten, so that each group (i.e., block) of waveform data received
fromthe Gagtivatedstbyedai ncaheulation triggering clock pulse BC
5 generated every 128 sampling clock pulses. The reproductidn
processing software sends stored waveform data of each of the
blocks of the sample buffer to the reproduction section 18,
and also, while checking for the operational availability of
_the CPU 10, writes'waveform data into the block so.far as the

10 data writing does not adversely influence other operations.
Real-time performance data entered by the user or player via
the keyboard 16 are input in response to a first calculation
triggering clock pulse BC generated after the entry, so that
corresponding waveform sample values are calculated. The

15 reproduction section 18 buffers the ﬁaveform data that are
input wvia the CPU 10 in response to the calculation
triggering clock pulSe BC, and the buffered waveform data are
then read out, one sample for each sampling clock, and
supplied to the D/A converter 19.

20 As shown in Fig. 2D, each of the blocks in the sample
buffer in which waveform data are to be written is pointed
fo by a writing block pdinter WP, while each of the blocks
in the sample buffer from which waveform data are to be read
out is pointed to by a reading block pointer RP. In Fig. 2C,

25 reference character WF represents a write-enable flag and

reference character RF represents a read-enable flag. The



w 11 - buffer immedi ately after another waveform data group being

~currently read out fromthe buffer. The buffer may be constructed as
a FIFO dual -port or other suitable nenory structure. The D/ A
‘converter 19 converts each waveformdata 5 supplied fromthe
reproduction section 18 into an anal og tone signal, which is then
audi bl y reproduced t hrough a sound system 20 conprised of anplifiers
and speakers. In the above-nentioned hard disk 13, there nmay be
stored vari ous other data such as _gutomatic performance data and 10
chord progression data and the above- n&%tloned operating program By
prestoring the operating programin the hard disk 13 rather than in

the ROM 1%@5@&&@@1@%15@ ﬁoqr@tuézﬁ set tBEBﬁbﬁGh‘tnEOﬁéPEOBAM'éﬁ,tﬁée CPU

10 can operate 1 n exactl the 'same way as where the operating program
is stored sﬁafhetol%nd?cads 1an HlitonHtd | Yeff6Thahdé £S anar ihe - wpieé-t he

operation program addition of an operating program etc. A CD ROM
(conpact desdble@3flay WE isckept getecthvabghouttacpabled from writing
of first data to writing of last data of an automatic
5 performance. Because the data writing takes place in advance
of the data reading in accordance with the present invention,
the data -writing and reading periods, i.e., the periods
during which the write-enable flag WF and the read-enable
flag RF are sét, do not conform to each other.

10 In instructing data and instructing flag sections of the
working area are written various instructions given from the
overall control software, and these sections dorrespond to
"an instruction register within a conventional hardware tone
generator. Specifically, data written.in the instructing

15 data and instructing flag sectioné are for example:

data designating a specific music piece number for which
autoﬁatic performénce data are to be reproducéd, because_the
music control software contains automatic performance data
for a plurality of music pieces;

20 data designating a range to be reprbduced in a case
where only part of performance data of a gpecific music piece
are to be reproduced;

data designating a tone color for each performance part;
and |

25 real-time performance data input via the keyboard 16 and

serial 1/0 15, which may be suitably received by the above-



~external recording nmediumfor recording various data such as automati c
performance data, chord progression data and tone 20 waveform data and an

optional operating programsimlarly to t he above-nentioned. Such an
‘operati ng program and data stored in the CD-ROM 23 can be read out by
a CO-ROM drive 24 to be transferred for storage into the hard disk 13.
Thi s - facilitates installation and version-up of the operating 25
program The renovabl y-attachabl e external recordi ng nmedi um may of
course be other than the CD-ROM such %%ba fl oppy di sk

- 12 - and magneto optical disk ( A communi cati on

I nterface 25 'may be connected to the bus 22 so that the m croconputer

system 21 gahtPEn&@NSeRELIcdhBrol soFbgat@terface 25 to a comuni cation
network 26 such as a LAN 5 (Local Area Network), internet and tel ephone

line network andlart cofitodl aatheseetnefit 68 tReanofRPhgpParésecentains
conputer 27 via
. tone color selecting data tone volume level controlling
data, etc. for each performance part in a case where
5 multipart automatic performance data are to be reproduced.

Channel control data section contains control data on
a per-channel basis since +the reproduction processing
software is designed to deal with simultaneous sounding of
tones in a plurality of tone generating channels.

10 Specifically, the channel control data include various data
necessary for each of the channels to generate a tone signal,
such as data designating a musical scale, a current address

~ counter value, data determining a shape and current value of
an envelope. Namely, this channei control data section

15 corresponds to registers within a conventional hardware tone
generator.

Exemplary operation of the microcomputer system 21 will
be described in greater detail hereinbelow with reference to
flowcharts of Figs. 4, 5 énd 6. Fig. 4 is a flowchart

20 illustrating an example of a main routine of the reproduction
processing software used in the microcomputer system 21, in
which reproduction processing is executed in a repetitive
manner at step S2 after initialization of step Sl1.

Figs. 5 and 6 illustfate a detailed control flow of the

25 repfoduction processing. First, at step S10, the

reproduction processing waits for a calculation triggering



-t h& conuni cati on network 26. Thus, where the operating program and

various data are not contained in the hard disk 13, these operating
program and data can be received fromthe 10 server conputer 27 and

‘downl oaded into the hard disk 13. In such a case, the m croconputer
system 21, a "client", sends a command requesting the server conputer
27 to downl oad the operating program and various data by way of
t he conmmruni cation interface 25 and comuni cation network 26. In 15
response to the conmand, the server conputer 27 delivers the request ed
operating programand data to the m craoConputer system 21 via the
communi cation network 26. The m croconputer system 21 conpl etes

the necessai Yo M LLHO Lo be glerSE8HY! NMbddife Wt uRdnD eAiaMANE data
via the 20 conmmunication network 25 and storing these info the hard disk

13. - peribd, SBACtHebeprodeEst aad bedngy (diticittdl WLEw CEN® UEehtrol
system 21 nmay be inplenented by installing the operating program and
vari ous datatemmedsponthegoverald wortaal saftwaneent i Upom ngangration
comercially avail abl e personal conputer. In such a case, the

oper ati ng pfogrhe arceleulatitonat Friggering clock pulse BC, the

5 reproduction processing proceeds from step S10 to step Sl11,
where a determination is made as to whether the read-enable
flag RF is currently set to a wvalue of "1" or not. If
answered in the affirmative at step S1l1, this means that an
automatic performance is currently in progress, so that the

10 reproduction processing goes to stép Sl2 to calculate
waveform data for the automatic perfbrmance. At step S12,
a comparison is made between current values of the writing
block pointer WP and the reading block pointer RP. If the
current value of the writing block pointer WP equals that of
15 the reading block pointer RP (WP = RP), this means that
waveform data of a block to be read out (to be sent to the
reproduction section 18) +this time have not yet been
calculated, and thus arifhmetic operations are performed at
steps S13 to S17 to calculate waveform data of that block.
20 At step S13, the writing block pointer WP is incremented
or advanced by one; however, because the sample buffer is a
ring buffer as mentioned earlier, it is reset to "0O" upon
reaching its maximum wvalue tthis is true with incrementing
operatidns of the writing and reading block pointers WP and
25 RP as willlbe described later). Automatic performance data

corresponding to one block are reproduced at next step S14.



< 13- " corresponding to the present invention may be provided to

users in a recorded formon a recordi ng nedium :such as a CO . ROM or
fl oppy disk, which is readable by the personal computer. \ere the

personal conputer is connected toa 5 communication network such as a
LAN, the operating program and various data may be supplied to the
personal conputer via the communi cation network simlarly to the
above- ment i oned. Fig. 2 shows an exenplary configuration
t he mul ti nedi a-type application s ware set stored in the RAM 10
of Fig. 1. As shown in Fig. 2A this t1 medi a-t ype application

of
12

software set, which may for exanple be for kar aoke performance or for

gane playi ThenGOn@ti S€te® BAIFlEr it is O¥EE&Hhiked! e &Rt WalHore | HRIE

control software, nusic control softmare and ot her cpntrol softmare.
The header sufficdentatdmevEobrocaldallating wavererff datecedbreespthdanyg Si ze,

etc. of the nultinedi a-type application software set. The over al

control sotewdabhe comtomiatichepenfoxmance datgar al I answepedr atn othef t he

above-nenti oned software in such a manner
affirmative at step S15, calculation of waveform sample data

5 - is effected at step S16 with relatively high precision (for
example, 48 kHz in calculating frequency and 32 bits in data
size), If, however, there is no sufficient time for such
high-precision waveform data calculatisn as determined at
step S15, the calculation is effected at step S17 with the

10 calculating precision 1owei'ed by a degree corresponding to
the shortage of the calculating time. The lowering of the
calculating precision may be effected by lengthening the
sampling clock period and/or reducing the number of bits to
be calculated at a time. After step S6 or S17, the

15 reproduction processing proceeds to step S18.

If the value of the writing block pointer WP is greater
than that of the reading block pointer RP as determined at
step S12, this means that waveform data'of the block to be
read out this time have already calculated, and thus the

20 reproduction processing goes from step S12 to step S18
directly.

At step S18, a determination is made as to whether the
automatic performance has come to an end, by ascertaining
whether the block to be read out this time is a last block

25 (i.e., a block containing an end point). If the block to be

read out this time is the last block, generation and readout



s hat all these software operates snoothly, and the image 20 control
software controls various imges to be presented on the display 17.
The nusic control software controls automati c perfornmance based on
faut omat i ¢ musi cal perfornmance data and generation of a tone waveform
based on performance data supplied on a real-tine basis. The ot her
control 25 - software controls input by a user and ot her operations.

Fig. 2B shows a detail of the music control software,

- 14 - whi ch includes reproductign processing software, -a tone col or
data section, an automatic perfornmance“tafa section and a wor ki ng
area. The reproduction processing software perforns vari ous

oper at | ONSy¢ Agadd FYFR AU ES Hdbdd S the gu%Bﬁla@u.ct Berzo®BHLA! 8atheatenction
of a hardware tone generator. The tone col or "data section contains

various dahd tiengekUdldoesdarye so thde tBEr addte-enaplec EIHWB obdhdar e,
I ncl udi ng paraneters

read-enable flag RF are both reset to "0" at step S19. After

the resetting of the write-enable and read-enable flags WF

5 and RF, the reproduction processing proceeds to step S20 for

calculation of a waveform corresponding to a real-time

performance and transmission of the waveform data to the
reproduction section 18. |

When an automatic performance is not under way and hence

.10 | the read-enable flag RF is at a wvalue of "0", the

reproduction processing goes directly from step S11 to step

S20 in order to increment the reading block pointer RP.

Waveform data of the block specified by the reading block

‘pointer RP (BLK(RP)) afe transmifted to the reproduction

15 section 18 at'step S23 as will be later described. A tone

waveform is calculated in response to the player's real-time

performance data input at step SZi, and the calculated

waveform data are added into the biock specified by the

reading block pointer RP at step S22. The waveform data are

20 then supplied from the block to the repfoduction section 18

at step S23. After this, the block is cleared at step S24

now that the data of the block BLK(RP) are no longer

necessary due to the data supply to the reproduction section

18. Namely, "O" is written into every location of that

25 block.

After step S24, the reproduction processing performs



~fot cal’cul ati ng wavef orm sanpl e val ues and controlling envel opes,
filter controlling paraneters, etc. Were the 10 reproduction processing

software is designed to sinulate a PCM (Pul se Code Mbdul ation) tone
“generator, the tone col or : data section contains waveform data

t hensel ves. The automati c perfornmance data section contai ns sequence
data for automatically perform ng background and karaoke nusic. The
15 working area provides various registers to store data that becone
necessary as the reproduction processing software runs as well as data
produced during various processes, and“heé wor king area corresponds
to internal registers of a conventional hardware tone generator

and 120l st gparat1dak! 8HSgna0peREk BISHIY tflorlodud el St AeRlg copnect ed

t her et o. shows a ail of the working area, FIg. 2

shows a dej@yan&é 8fSaBRaC duddifig.CONALI Bedpi B30he avidid¥minatich eds and
Fig. 3 1s atimng chart explanatory of tone wavef orm generating

oper at i onsmadet&e 6 GAasthHEttitie WitRPendble? E1agAWFs iswsuriéatignpsée
buffer is a ring buffer conprising "n" bl ocks BLK(0O) to BLK(n - 1),

and accor dtag"tb (Wr pildsenIf answered in the affirmative at step S30,

5 +this means that there is any other automatic performance data

to be written, so that data wrifing operations are performed

at and after steps S31. I1If, on the other hand, the write-

enable flag WF is not currently set to "1" (WF = 0), this

means that predetermined automatic performance have been

10 calculated to the end, so that the reproduction processing

is brought to an end without performing any other operations.

At step 831, a determination is made as to whether there

is time available for the "advanced" data writing, i.e.,

whether the CPU 10 is not busy with any other software

15 concurrently run with the reproduction processing software.

If there is time available for the data writing, the writing

block pointer WP is incremented by one at step $32 so as to

point to a block in which data are to be written after this,

. and performance data corresponding to one block are read out

20 for feproduction at step S33. Then, waveform data for one

block are calculated on the basis of the read-out performance

- data at step 834, and the calculated waveform data are

Wriften into a block pointed to by the writing block pointer

WP. In this case, the waveform data calculation is executed '
25 with high.precision for all the tone generating channels

~ because sufficient time can be spent on the calculation.
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reproduction

t he
and al so,

10, wites waveformdata into the bl ock solfar as the

I nvention, waveformdata for 128 sanples (128 waveform sanpl e
val ues) are witten in each of the bl ocks. o In Fig. 3, the
reproducti on processing software is activated by a cal cul ation
“triggering clock pulse BC 5 generated every 128 sanpling clock pul ses.

bl ocks of the sanple buffer to the reproduction section 18,

The

processi ng software sends stored waveform data of each of

whi | e checking for the operational availability of t he CPU

10 data witing

does not adversely influence other opéﬁ%&rbns. Real -ti nme performance
data entered by the user or player via t he keyboard 16 are input

response to a f irﬁéﬁ'etﬁglgtgﬁ}l, athe ri‘etprodtfcfﬂ WL prBgessInl fubs P s1epn8sst ed

after the entry, so

that are

co

I nput via the CPU 10 in response to the cal cul ation

rrespondi ng-wavef orm'sanpl e values are
cal cul at edgo mdik€ a Hetdr@BTRHiGH @8 £6CHhethdsd tne fflidck FRIahechr ghdat a

in

triggeri ngdatackrpuling B&s badnt Bgebutédr eHigayemer isdgéhe dast blockhen

read out,

10

15

20

25

one sanple for each sanpling clock, and
or to step S36 to make a determination as to whether the

sample. buffer is now full of unread waveform data. If the
block is the last block as determined at step S35, the write-
enable flag WF islreset to "0" at step S37 because it is no
longer necessary to write waveform data, and then the
reproduction processing .is brought to an end. The
determination as to whether the sample buffer is now full of
unread waveform data is made by checking whether the writing
block pointer WP has catﬁh up with the reading block pointer
RP after makiﬁg a round through the ring buffer in adwvance
of the reading block pointer RP (WP = RP -~ 1). Writing new
data when the sample buffer is full of unread data will
result in overwriting unread data, and thus the reproduction
processing is brought to an end after <the affirmative
determination at step S36. If the sample buffer is not full
of unread data, i.e., has any other block available for
writing data, as determined at step S36, the reproduction
processing loops from stép S36 back to step S31. If it is
determined at step S31 that there is still time 1eft, then
the data writing is performed for a next block.

In the above-described reproduction processing, the
reading block pointer RP is constructed as a so-called "free-

running"” counter because the sample buffer may be used for



@up%lied to the DA converter 19. 20 As shown in Fig. 2D, each of

the bl ocks in the sanple buffer in which waveformdata are to be
witten is pointed to by a witing block pointer WP, while each of the
‘bl ocks in the sanple buffer from which waveform data are to be read
out is pointed to by a reading block pointer RP. In Fig. 2C, 25 reference
character WF represents a wite-enable flag and reference character RF
represents a read-enable flag. The o

- 16 - read-enable flag RF is kept set throughout a period fromthe
start to end of an automatic performanc®3 -and the wite- _ enabl e fl ag
WF i s kept set throughout a period fromwiting of first data to

witing of deagtdaba %%%‘?/bﬁhﬁﬁé@t i &aftgt Eg{ ganglﬁgnBechse S ndalia

witing takes place in ance 0 a reading 1Tn accordance with

the presenpeirfeeibned is not ldiedd Wrd the pOfntEa%P I PN Idherted - the

peri ods whenever the reproduction processing steps through steps S20

to S24. Therefore, when waveform data are to be written into

5 the sample buffer prior to a start of an automatic

pe;formance (i.e., before the read-enaﬁle flag RF is set to

"1"), it is determined how earlier than the start of an

automatic pérformance the writing of waveform data should be

initiated (namely, a determination is made of a specific

10 number of counts of the calculation triggering clock pulses

BC by which the writing of waveform data should precede the

automatic performance start), and then the writing block

pointer WP is set to a value equivalent to a sum of a current

value of the writing block pointer WP and the number of

15 counts by which the data writing should precede the data

reading. After this, the write-enable flag is set to "1" so

that leading waveform data start being written into the block
pointed to by the writing block pointer WP.

Once the specific number of the calculation triggering

20 clock pulses B are generated and hence the reading block

pointer RP reaches the block where the waveform data wrifing

was initiated, the automatic performance is started (i.e.,

.the read-enable flag RF is set to "1" ) and the waveform data

are read out properly from the beginning. By virtue of the

25 arrangement that the data writing is executed (i.e., the

write-enable flag WF is set to "1") prior to the start of the



vdurﬁng which the wite-enable flag WF and the read-enabl e flag RF are
set, do not conformto each other. 10 In instructing data and
instructing flag sections of the wor ki ng area are witten various
instructions given fromthe overal | control software, and these
sections correspond to an instruction register within a conventi onal
har dwar e t one generator. Specifically, data witten in the '
instructing 15 data and instructing flag sections are for exanpl e:

data designating a specific nusic piece gunber for which ~automatic
performance data are to be reproduced; #rcause the nusi ¢ control _
software contains automati c performance data for a plurality of nusic

pi eces; 2Q@utomatiddpardetindnel 19.8.r 2R9R RaRteh@RiRI¥ESE RY 3L23%

where only part of performance data,of_a specitic nusic pié€ce are to
be reproduged; "1"), the dFuacda®nINdifi Naxecu®iagCokpe f aat@ackhMeihy mance

part; and 25 real -time performance data input via the keyboard
16 and (cadcudhtliof)1in afivehcenyf behe Wddtd|neadiony \vath e uld 1dbede-
effectively from the starting point of the automatic
5 performance.

In summary, according to the above-described embodiment,
there are provided a plurality of storage regions (blocks)
for storing waveform data (waveform sample values), waveform
data to be supplied to the D/A converter 19 are generated

10 collectively in advance during a period when the amount of
calculation necessary for another software processing'
executed in parallel with the reproduction processing
software is smail (i.e., whén the CPU 10 is not busy with the
other software processing), and the thus-generated waveform

15 data are stored in the blocks of the sample buffer. Thus,
when the calculation amount of the other software processing
increases temporarily, waveform data generating operations
to be performed at.that time can be skipped without any
troﬁble since waveform data to be supplied to the

20 reproduction.sectioh 18 at that timing have been generated
and saved previously. This prevents operational delays in
the other software processing. Because generation and supply
to the reproduction section 18 of waveform data are conducted

~on a block-by-block basis, a determination as to whether

25 there is time available is greatly facilitated and a

plurality of waveform data can be generated collectively;



w-17- ' menti oned ot her control software. Part control data
section of the working area contains tone col or selecting data, tone
vol une | evel controlling data, etc. for each performance part in a
“case where 5 nultipart automatic performance data are to be reproduced.
Channel control data section contains control data on a per-channel
basi s since the reproduction processing software is designed to deal
wi t h simultaneous soundi ng of tones in a plurality of tone generating
channels. 10 Specifically, the channel control data include various data
necessary for each of the channels to @nerate a tone signal, such as
data designating a nusical scale, a current addr ess count er val ue,

dat a deterﬂ$féﬂﬁ?9°?9§§fiﬁege§§ééegé oéfflaleggyenvelope Nanel y,

this chan a sectron cory esponds registers within a
conventional Naggufr Gf Ohe b1oBRECIGE Othe sample BHFEY AhusOPBEaAI ON Of

the m croconputer system 21 w |l be descrlbed I n greater detai
her ei nbel ogesttibéedl agedriihg 128 waveform samples, but, where the
system is designed to no accept real-time performance data
5 input, each of the blocks may be designed to store a greater
number of samples, e.g., 1,024 or 4,096 samples, soO as.to
permit the CPU 10 to operate more efficiently. However,
where the system accepts real-time performance data input,.
designing each of the blocks to store such a greater number
10 of samples is not preferable in that in?ervals between the
calculation triggering clock pulses BC become longer and
hence greater time lags will occur from the real-time
performance data input to actual sounding of a +tone.
corresponding thereto.
15 The present invention arranged in the above-described
manner achieves the following benefits.

According to the present invention, a detection is made
of calculating capability of the CPU 10 or arithmetic
processing section that is unoccupied by other software

20 processing and hence available for the reproduction
- processing and a specific number of tone waveform sample
values corresponding to the unodcupied or available
calculating capability are generated prior to predetermined
readout timing of the sample values. Thus, when a pluralify

25 of applications are run concurrently on a multitask basis,

it is allowed to calculate waveform data collectively for



flbwharts of Figs. 4, 5 and 6. Fig. 4is a flowhart 20 illustrating an

exanple of a nmain routine of the reproduction processi ng software used

in the mcroconputer system 21, in whi ch reproduction processing is
“executed in a repetitive manner at step S2 after initialization of

step S1. Figs. 5 and 6 illustrate a detailed control flow of the

25 reproduction processing. First, at step $S10, the

reproduction processing waits for a calculation triggering

- 18 - cl ock pulse BC to be generated. Assune that during this wait

period, another process is being exeéuggd'mdth t he control returned to

the overall control software. Upon generation - of the calculation

L2 %" R qftkaBe PCriatitog? (N Oeiepecose neaLpsene |1 om
read- enabl @alculating Elpasi Ty SNhic Gheki €s VEthalecCRl 62 apithnétic |f
processing section to operate with greatly increased
efficiency. Because it is Jjust sufficient that  the
5 previously stored waveform data be read out to be transmitted'
to the reproduction section 18 when the arithmetic processing
séction is busy with another application, processing by the
other application can be performed efficiently without being
influenced by the waveform sample calculation.

10 _ Further, because a predetermined number of tone waveform
sample values are set as a basic calculating unit and tone
waveform sample values are actually calculated on a unit-by-
unit'basis, it is possible to reduce the overhead spent in
preparing for the waveform value calculating procéssing etc.

15 Furthermore, because a predetermined number of tone waveform
sample values are already prepared and stored in memory at
a starting point of an automatic performance, additional
adjusting functions by the advanced ,caiculation can be
performed efficiently from the starting point of an aﬁtomatic

20 performance.

Moreover, even when the advanced calculation of tone
waveform sample values can not be conducted due to great
loads placed on the arithmetic processing section by other
processing, the present invention can prevent an unwanted

25 break in generated sounds because the waveform calculating

steps are always taken to prepare tone waveform sample



~.answered in the affirmative at step S11, this nmeans that an automati c
performance is currently in progress, so that the 10 reproduction
processing goes. to step S12 to calculate wavef orm data for the

“automati c performance. At step S12, ~a conparison is made between
current values of the witing bl ock pointer WP and the readi ng bl ock
pointer RP. If the current value of the witing block pointer WP
equal s that of 15 the reading block pointer RP (WP = RP), this neans that
wavef orm data of a block to be read out _(to be sent to the
reproduction section 18) this tine havé7not yet been cal cul ated, and
thus arithnmetic operations are perforned at steps S13 to S17 to

cal cul ate y@y&%@rn1data of that block. 20 At step S13, the writing

bl ock pointer "is increnented or advanced by one; however, because

the sanple buffeh ad8dftion, th8JpPséRt PSveRPLLANLS SRétacteritedsineset
to "0" upon reaching 1ts maximumvalue (this is true with increnenting

oper at i onstivatt hehetii tcalicabdtivgdi tond| ovkveborh ersamPlandvalbesRP as wi |
be described later). Automatic perfornmance data correspondi ng to one
bl ock are depecticmdistmadatoftap Sidunt of calculation necessary for
5 the arithmetic processing section to conduCt'othe: processing
and the waveform sample value calculation is executed with
different calculating precision which is selectable in
‘accordance with the detected calculation amount for the other
processing. Even when the. arithmetic processing section is
10 busy with the other processing, loads on the arithmetic
prdcessing section can be effectively lessened by selecting:
low calculating precision to reduce the amount of tone
waveform sample calculation. As a result, generation of tone
waveform data can be continued with no break and without
15 influencing the other processing.

Moreover, according to the present invention, tone
generating processing based on an automatic performance is
executed in advance during a period when tone generating
processing based on a real-time performance is not placing

20 heavy burdens on the arithmetic processing section. As a
result, the burdens on the arithmetic processing section can

be_distributed timewise, which achieves greatly increased

operational efficiency of the arithmetic prdcessing section.



Ve

- 19 -
suf fici ent
automatic

*S15, cal cul ation of waveform sanple data

Then, at step S15, it is determ ned whether there is

time for cal cul ati ng wavef orm data correspondi ng to the

per f or mance dat a. I f answered in the affirmative at step

relatively high precision (for - exanple, 48 kHz in cal cul ating

frequency
sufficient

and 32 bits in data size), |If, however, there is no

5 is éffected at step S16 with

time for such hi gh- preci si on mevefornrda%a—eaLeuLaLLmQin

deternined at step S15, the calculgtlon is effectedya step S17 with

th
t he shortagil!m lﬂ

preci si on

e cal cul a’uniﬁremsmn | ower €d2

,lll,ml ng time. The | oweri ng of th
lengt hening £ ¢ s sarmll

and/ or reducing the nunber of bits-to be-cal cul ated at a tlne

step S6 or
I f the val

t he readi nb. bl ocka paietherd RPfagelsmtingedaat tone weivegfd3iP, bebkbed neans

t hat wavef

10
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S17, the 15 reproduction processing proceeds to step S18.

a degree corres chlaced

|ng

fter

ue of the witing block pointer WP is greater than that of

ormdata of the block to be
automatic performance information, which includes executing

a waveform calculating process for calculating tone waveform
samples by sharing an arithmetic processing section (10) with
another process, said method comprising the steps of:

detecting a portion of processing capability of said
arithmetic processing section which is not currently occupied
by the other process, as available processing capability for
the waveform calculatiﬁg process;

calculating a plurality of tone waveform samples based
on the performance information in advance ef predeterﬁined
generation timing thereof by executing the waveform
calculating process wusing said available processing
capability detected by said step of detecting, said step of
calculating including a step of storing the calculated tone
waveform samples in a memory (12); and

generating a tone waveform by reading out the tone

waveform samples from the memory.

2. A method as defined in claim 1 wherein.said step of
calculating calculates one or more predetermined units of the
tone waveform samples depending on said detected available
processing capability, each said unit being a predetermined

number of the tone waveform samples.

THIS SHEET HAS BEgN
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..read out this time have already calculated, and thus the 20 reproduction

processi ng goes fromstep S12 to step S18 directly. At step

S18, a determ nation is nade as to whether the automati c performance
has conme to an end, by ascertaining whet her the bl ock to be read out

this tinme is a last block 25 (i.e., a block containing an end point). |If

the block to be read out this time is thelast block, generation and

r eadout - 20- of - wavef orm

reset to "0" at Step S19.» the resett e-enabl e and
read-enabl e flags W 5 and RF, the reproduction processing proceeds to
step S20 for calculation of a waveform corresponding to a real-tine
per f or manc®. and A raecHbdE Shen deffinkd WAy efaim dat aheetihe said step of

dat a based on tTm’ or rranc gdat a ar Bhis Sheet Hasmgerd Replgeed - necessary,
so that the wi m M “and r ead- mﬁmﬂm "ﬂm are both

calculating starts calculafing the tone waveform samples in
advance of said step of generating, and said step of
generating starts reading the tone waveform samples from the
5 memory after a plurality of the tone waveform éamples are

stored in the memory.

4. A method as defined in claim 1~wherein when more thén
a predetermined number of unread tone waveform samples are
10 | not resident in the memory, said step of calculating
calculates a predetermined number of tone waveform samples
irrespective of said detected available processing

capability.

5. A method of generating a tone waveform based on
15 performance information, which includes executing a waveform
calculating process for calculating tone wavefofm samples by -
sharing an arithmetic processing section (10) with another
' process, said method comprising the steps of:
detecting an amount of calculation necessary‘for the
20 other process, when the waveform calculating process is to
be executed; and
calculating tone waveform samples by selectively
executing the waveform calculating process that involves s

different calculation amount depending on said amount of




TTT——

..reproduttion section 18. When an autonatléhpsm$gfggnce i s ot
under way and hence 10 the read-enable flag RF i con Relage  Of
"0", the reproducti on processing goes directly /m to step

"S20 in order to increnent the reading bl ock pointer RP. rm dat a

of the block specified by the reading bl ock poi nter RP (BLK(RP)) are
‘transmitted to the reproduction 15 section 38-at step S23 as will be

| ater described. A tone waveformis cal cul to the
pl ayer's real -tine performance data i nput ’mnn ",Hlmj@iam t he
cal cul at ed wavef orm data are add into the blkock spe

readi ng bl ock pointer RP at step S22. The waveform data are 20 then
supplied f r QGee 1 abvSE8Pa S23.
After thi ség%ﬁiﬁ%ﬁqﬁé%%ﬁd% st egﬁgzsngbggﬁovavefﬁgfe?heydat a of the
bl ock BLK(&Eapabf a6tbetLRg. necessary due to the data supply to the
reproducti on section 18. Nanely, "0" is witten into every |ocation
of that 25 bl ock. After step S24, the reproduction processing
per forns :

he

6. A method as defined in claim 5 wherein said step of
calculating calculates the tone waveform samples with
5 different precision depending on the calculation amount

involved in the waveform calculating process.

7. A method of generating tone waveforms corresponding to
first performance information based on a real-time

10 performance and second performance information based on an
automatic performance, which includes executing a waveform
calculating_process for calculating tone waveform samples on
the basis of said first and second performance'information,
respectively, by use of a common arithmetic processing

15 section (10), said method comprising the steps of:

calculating a pfedetermined numbef of first tone
waveform samples for each predetermined period on the basis
of said first performance information supplied in response
to a real-time performance;

20 detecting a portion of processing capability of said
arithmetic processing section which is not currently occupied
by a process for-lcalculating said first tone waveform
samples, as available processiﬁg capability for generation
of a +tone waveform based on said second performance

25 information;




- 21 - 7 operations at and after step S30 to ﬁ;sfﬁct dat a wrltlng I n

advance of data reading. At step S30, a determ na asBeenReﬁHéie as to
whet her the wite-enable flag WF is currently set | f
“answered in the affirmative at step S30, 5 this ﬂz IS any
ot her automatic perfornmance data to be written sothat a witing
operations are perforned at and after stepe—SS&——LLr_on_Lne ot her

hand, the wite- enabl e flag WF.is not c;ﬂ"ﬂlﬂm g’ (W = 0),
this nmeans that predeterm ned aut tic '"m{"mml E;een
calculated to the end, so that the rep diction prfocéssfngs * is broug

to an end w thout perform ng any other operations. At step S31, a

det ermi nati on 'éaﬂedfaeinﬁos&esﬁaefoﬁée&eveformI§ l}:ﬂ@saﬂéééébbﬁ Egigt he
"advanced" data witing, T.e., whet her the CPU 10 is not busy with any

ot her sof t y8&6nd 1§er£5ﬂﬁdﬁéént1h‘fofrﬂlﬁt%hh ihaadwiicelust | phe@ebeensneq
sof t war e. If there is tine available for the data witing, the witing

bl ock poi ngenex®tioni siméngntoheriey fonasdings tspl S3Rvabl alsle oprocespbingt to a
- block in which data are to be witten after this,
capability detected by said step of detecting:;
5 storing in a memory (12) said first and second tone
waveform samples calculated by said steps of calculating; and
generating tone waveforms corresponding to the real-time
performance and automatic performance by synchronouély

reading said first and second tone waveform samples from the

10 memofy.

8. A method as defined in claim 7 wherein said step of
storing in a memory includes a step of adding said first and
second tone waveform samples for.each sample corresponding
to same generation timing so as to store resultant added tone
15 waveform samples in the memory, and said step of generating

reads out the added tone waveform samples from the memory.

9. A method of generating tone waveforms corresponding to
first performance information based on a real-time
performance and eecond performance information based on an
20 | automatic performance, which inciudes executing a waveform
calculating process for calculating tone waveform samples on
the basis of said first and second performance information,
respectively, by use of a common arithmetic processing

section (10), said method comprising the steps of:



.~and the cal cul ated waveform data are witten into

_\
..and performance data corresponding to one bl ock are'lisshek Beer

"t for

reproduction at step S33. Then, waveformdata for o lager o
cal cul ated on the basis of the read-out perfornance My tep S34,
a nted to

by the witing block pointer WP. In this case, the waveform data

calculation is executed 25 wth high precisi

i Ofed .l al T the—tone
gglnglrjfl;i[ ingn.channel S because sufficient t| gg!mmﬁmt’gﬂm” t he

Thereafter, the reproduction processingd“goes to step S35° ° 1o nmake a
determ nation as to whether the block for which the data writing has

been executed tBhscullBRihg t e prelebbPhikned nuMbetO 6fep£H36tt OtsREE A
determ nation as to whether the 5 sanple buffer is now full of unread

wavef or m deéeefdbimt 88mples bbpcéath phedédéimbhed kbisckeperibdednathet ep
S35, the wite- enable flag WF is reset to "0" at step S37 because it
IS no basis of said first performance information supplied in
response to a real-time performance, said step of calculating
5 including a step of, at optional time within first said block
period, calculating said predetermined number of first tone
waveform samples to be generated within second said block
period following said first block period and storing the
calculated first tone waveform samples in a memory, said
10 first tone waveform samples stored in the memory béing
sequentially read out at regular sampling intervals in said
second block period;
| detecting a portion of processing capability of said
arithmetic processing section which is not currently occupied
15 by a process for calculating said first tone waveform
samples, as available processing capability for generation
of a tone. waveform based on said second performance
information; .
calculating second téne waveform samples based on said
20 second performance information in advance of predetermined
-generation timing thereof, using said available processing
capability detected by said step of detecting, said step of
calculating secopd tone waveform samples including a step of
storing in a memory (12) the calculated second tone waveform

25 samples; and

generating tone waveform samples corresponding to the

[ Tris SHEET HAS BEEN
REPLACED A




., | ohger hecessary to wite waveform data, and thegmt et oductlon

processing is brought to an end. The °ds to

whet her the sanple buffer is now full of unr ta i s made
by checki ng whether the witing bl ock p0|nte up with the

readi ng bl ock pointer RP after making a round through the ring buffer
I n advance of the reading block pointer RPW=RP—31)—Witing new

15 data when the sanple buffer is full of unre u“ result in
overwiting unread data, and thus the r%pr oduct Emml‘ "I"“I"Mlﬂ Lg S
brought to an end after the affirmtive detern1naf|o at step S36. If
the sanple buffer is not full of unread data, i.e., has any other

bl ock avaijahiecifé plred¥mdndd P ARG E@éfa&mah%a Sgg, the
reproduction processing | oops fromstep S36 back to step S 1T it is

det er m nedré§uséepsdmdl in@tintwivals, Sdddirdd Bt €rom thenmemoryt Baidat a
witing is performed for a next bl ock. In the above-descri bed

repr oduct i ihrst cand ssexpnd hone waveodinm ganipdels pormrespoRBing toneachct ed

as a so-called "free- runni ng" counter because the sanple buffer may
be used fogame said block period.

5 10. A method as defined in claim 9 wherein said step of
storing said first and second tone waveform samples adds said
first and second tone waveform samples, for each sample, that
are to be generated in same said block period so as to store
resultant added tone waveform samples in the memory, and said

10 step of generating reads out fhe added tbne'waveform samples

from the memory.

11. A machine readable recording medium containing a group
of instructions to cause said machine to implement a method .
of generating a tone waveform based on automatic performance
15 information, said method including executing a waveform
calculating process for calculating tone waveform samples by
sharing an arithmetic processing section (10) with another
process, said method comprising the steps of:
detecting a portion of processing capability of said
20 arithmetic processing section which is not currently occupied
by the other process, as available processing capability for
the waveform calculating process;
calculating a plurality of tone waveform samples based

on the automatic performance information in advance of

TH]S SHEE
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- 23 - real -time performance data input when an autonaiic
performance is not executed and the pointer RP is i rhisShetis®Been Repladdienever

t he reproduction processing steps through steps S20 !&‘ gmgmu&ﬂwre{ore
or to a
e flag

“Wwhen waveformdata are to be witten into 5 the sa
RF is set to "1"), it is determ ned how-earter—than the start of an

start of an automatic performance (i.e., before t

aut omati c performance the witing of vvaveform(ﬁ"ﬂ mm ﬂ initiated
(namely, a determination is nmade of a SgECIfIC Iﬁ H f,”munts of the
cal cul ation triggering clock pul ses vhi ¢h theswrstifg of
wavef orm data shoul d precede the autonatlc perfornance start), and
then the wpreidegehimtled gendPatiéh WRmihgSSthdfedsV eefQHu{{ﬂl NieHeO 2
sum of a current value of the witi ng bl ock poi nfer WP and he nunber
of 15 cowavefbymbatbulbeidgt processngsshe Bdl Prasadapiie pdicessing
reading. After this, the wite-enable flag is set to "1" so t hat

| eadi ng vvaﬁepobmldé:uradett&ctteldebmsmﬂt sep 0fo delvtectlingk said paept @F to by

the witing bl ock pointer W.
calculating including a step of storing the calculated tone

5 waveform samples in a memory (12); and

génerating a tone waveform by reading out the tone

waveform samples from the memory.

12. A machine readable recording medium containing a group
10 of instructions to cause said machine to implement a method
of generating a tone  waveform based on .performance
information, said method including executing a waveform
calculating process for calculating tone waveform samples by
sharing an arithmetic processing section (10) with another
15 process, said mefhod comprising the steps of:
detecting an amount of calculation necessary for the
other process, when the waveform calculating process is to
be executed; and
calculating tone waveform samples by selectively
20 executing the waveform calculating process that involves a
different calculation amount depending on said amount of
calculation necessary for the ofher process detected by said

step of detecting.

13. A machine readable recording medium containing a group

25 of instructions to cause said machine to implement a method

THIS SHEET HAS BEEN
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..Onée the speC|f|c nunber of the cal cul ation trlgd@ﬁsmgﬂﬁgg
.are generated and hence the readi ng bl ock poi

‘mhere t he
=per for manc

and the waveform data

virtue of

wavef orm data witing was initiate
e is started (i.e., t he read-enabl e

c

the 25 arrangenment that the data w I.e

wite-enable flag WF is set to "1") prior to th

- 24 -
tO lllll),
(cal cul ati
ef fectivel
I n summary

the function of executim@® the data MW|t|ng *
on) in advance of the data reading can be utilized

B£f I ganiha g t 1 fhd0i RhveEoliE adorFidpondingPe & MeRest

, according to the above-described enbodi nent, there are

automati c performance (i.e the reﬁw mﬂm m”m Is set

clock pul ses B -
t he bl ock

t to "1" )
are read out properly fron1the beglnnlng By

t he

provi ded a?ékﬂbﬁinah&eoinﬁéﬁhéﬂﬂoﬂ%m diblabelea)l -time b@ﬁ:‘f&&'ﬁhha@ aadef or m

data (wave

10

15

20
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orm sanpl e val ues), waveform
second performance information based on an automatic

performance, said mefhod including executing a waveform
calculating process for calculating tone waveform éamples on
the basis of said first and second performance information,
respectively, by use of a common arithmetic processing
section (10), said method comprising the steps of:
calculating a predetermined number of first tone
waveform samples for eéch predetermined period on the basis
of said first performance information supplied in response
to a real-time performance; |
detecting a portion of processing capability of said
arithﬁetic processing section which is not currently occupied
by a process for calculating said first tone waveform

samples, as available processing capability for generation

of a +tone waveform based on said second performance

information;

calculating second tone waveform samples based on séid
second performance information in advance of predetermined
generation timing thereof, using said available processing
capability detected by said step of detecting:

stoz"ing in a memory (12) said first and second tone
waveform samples calculated by said steps of calculating; and

generating tone waveforms correspdnding to the real-time

performance and automatic performance by synchronously

THIS SHEET HAS BEEN
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..data to be supplied to the D/ A converter 19 are g coIIectlver
.|n advance during a period when the anount of Phedessary
*for another software processing executed in p
“reproduction processing . software is small (i U 10 is
not busy with the ot her software processing) and t he thus gener at ed

waveform 15 data are stored in the bl ocks of—the—sanple buffer. Thus,
when the cal cul ati on anbunt of the other soft i ncreases
temporarily, waveformdata generating gper at i mmm"mm Hiﬂﬂﬂrfor med at
that time can be sklpped wi t hout any “trouBll eCsi hcen wav m data to be

supplied to the reproduction section 18 at that timng have been

generated . ﬁgdséf&'efkﬂ@\ﬂrﬁ@ééonﬁ‘ L Sngf %&%a&srapsaabngeakreﬁl gHs i n

the other S0 e processi ng. Because generation and supply to the

reproductiﬁ@hé tion 18 of waveform data are conducted on a

bl ock- by- bl ock basis, a determnation as to whether 25 there is tine
~available is greatly facilitated and a plurality of wavef or m dat a

can be generated collectively,
14. A machine readable recording medium containing a group

5 of instructions to cause said machine to implement a method
of generating tone waveforms corresponding to first
performance information baéed on a real-time performance and
second performance information based on an automatic
performance, said method including execﬁting a waveform

10 calculating process for calculating tone waveform samples on
the basis of said first and second performance information,
respectively, by use of a common arithmetic processing
section (10), said method comprising the steps of:

calculating a predetermined number of first tone

15 waveform samples fo: each predetermined block period on the
basis of said first performance information supplied in
reéponse to a real-time performance, said step of calculating
including a step of, at optional time within first said block
period, calculating said predetermined number of first tone

20 waveform samples to be generated within second said block
period following said first block_pefiod and storingvthe
calculated first tone waveform samples in a memory, said
first tone waveform samples stored in the memory being
sequeﬁtially read out ét regular'éampling intervals in said

25 second block peiiod;

detecting a portion of processing capability of said



where the -system accepts real -tine perfornance

- 25 - f whi ch provide increased operating eﬁmi

~of the blocks of the sanpl e buffer has been sShENY %nR I%ﬁlng
>wavef orm sanpl es, but, where the systemis dgﬁm ccept
<real-tinme perfornance data 5 input, each of the

store a greater nunber of sanples, e.g., 1,024 or 4, 096 sanples
‘to permt the CPU 10 to operate nore effke+eﬂ%Ly————#bme¥eL_

Each
128

esigned to
SO as

esi gni ng

each of.the blocks to store such a gregter nunb "!Hﬂﬁn"" H}“ﬂﬂg i's not

preferable in that intervals between 1

atLom rs ggering cl oc

pul ses BC becone | onger and hence greater tlne |l ags wi |l occur from

the real -t jppe h:ﬂetla%ii&ﬁé@é% Q@@c idPihibA AEHEY ctovaditly eécapaaae

correspondlng ereto he present invention arranged in the

above- descpiybesl procéwnebracbaweﬁathﬁgf abai Fidieftohe waveform
According to the present invention, a detection is mde of cal cul ati ng

capabi | i t ysahpléae, CBS H&aﬂlahﬂdlpnﬁoess1ng qapaieiskity Sect generhdtions

unoccupi ed by ot her software

10
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of a tone waveform based on said second performance
information;

calculating second tone_waveform samples based on said
second performance information in advance of predetermined
generation_timing thereof, using said available proceséing

capability detected by said step of detecting, said step of

' calculating second tone waveform samples including a step of

storing in a memory (12) the calculated second tone waveform
samples; and

generating tone waveform samples corresponding to the

real-time performance and automatic performance by, at.

regular sampling intervals, reading out from the memory said
first and second tone waveform samples corresponding to each

same said block period.

15. A computer system for generating a tone waveform based
on automatic performance information, which executes a
waveform calculating process for calculating tone waveform
samples and another process in parallel by use of a common
afithmetic processing section (10), said computer system
comprising:

means for detecting a portion of processing capability

of said arithmetic processing section which is not currently




"
e

LRI T

correspondi ng to the unoccupi ed or avail abl e

20" processing and hence available for the repr oducti on

_processing and a specific nunber of tone maveforﬁﬁ%ﬂﬁﬁﬂbstanma&Ues

“are generated prior to predeterm ned r eadout
Thus, when a plurality 25 of applications are run concurren

val ues.

L e

a nultitask basis, it is allowed to cal cutate waveform data -

?rglrrl)rest is;/glrggfeotrjti lizing the unoccupi e% or avail Ll"l“l I"I" “IHHI'EE“NN ng

capability, which permts the CPU or Ta Bt nnetic * Cprbcdssisng *sect i
operate with greatly increased efficiency. Because it is ju

sufficientootbdfeqt iy Tnkf esiéﬂaf! Yord s Wawef gLy dabaebepfsads Sihg

transmtted to tthe repro

ucti on section 18 when the arithnmetic

ity
e
tly on

on to
st
to be

processi Ngeapabi BLEY | POr | EheUgdvakdPmn 2881 8681aBPRY | pR6LESs; Processing by the
ot her application can be performed efficiently wthout being
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means for calculating a plurality of tone waveform

samples based on the performance information in advance of

'predetermined generation timing thereof by executing the

waveform calculating process using said available processing

capability detected by said means for detecting, said means

~for calculating also storing the calculated tone waveform

samples in a memory (12); and
means for geherating a tone waveform by reading out the

tone waveform samples from the memory. .

16. A computer system for generating a tone waveform based

on performance information, which executes a waveform

calculating process for calculating tone waveform samples and

another process in parallel by use of a common arithmetic
processing section (10), said computer system comprising:

means for detecting an amount of calculation necessary
for the other process, when the waveform calculating process
is to be executed; and

means for calculating tone waveform samples Dby
selectively executing the waveform calculating process that
involves a different calculation amount depending on said
amount of calqulation necessary for the other procesé

detected by said means for detecting.
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wavef or m

sanpl e values are already prepared and stored in nenDry

. inTluented by the waveform sanple cal cul ation. Furt ause a
=. predet erm ned nunber of tone waveform sanple valueémaﬁams as a basic
=calculating unit and tone wavef or m sanpl e val ues ar “ qhqm
“calculated on a unit-by- unit basis, it is pOSSIb|e

over head spent in preparing for the waveform val ue ca

processing etc. 15 Furthernore, because a predeterm ned- nunber of tone

at

a starting point of an automatic perfornance, additional _ adjust

functions by the advanced cal cul ati o 84n~be perr!m,ﬁm‘m"”m y
fromthe starting point of an automatic 20 perforns rﬂun
even when the advanced cal cul ati on of tone wavefor fn sanpl e
val ues can not be conducted due to great | oads pl aced on the
arithmeti c1pr ocessa nG¢diffiitedn Byseéeherfor geNeieRASTigIgJtohbe waesLoims
I nvention can prevent an unwanted 25 break in generated sounds because
t he wavef ccorvespohdinggto firsteperfearmdney sinféematibopr bpsed tamea
wavef orm sanpl e

Mor eover,
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real-time performance and second performance information
based on an automatic performance, which executes a waveform
calculating process for calculating tone waveform samples on
the basis of said first and second performance information,
respectively, by use of a common arithmetic processing
section (10), said computer sYstem comprising:

means for calculating a predetermined number of first
tone waveform samples for each predetermined period on the
basis of said first performance information supplied in
response to a real-time performance:;

means for detecting a-portion of processing capability

of said arithmetic processing section which is not currently

occupied by a process for calculating said first tone

waveform samples, as available processing capability for
generation of a tone waveform based on said second
performance information;

means for calculating second tone waveform saﬁples based
on said second performance information in advance of
predetermined generation timing thereof, using said available
processing capability detected by said means for detecting:;

means for storing in a memory (12) said first and second
tone waveform samples calculated by said means for

calculating; and

THIS SHEET HAS REEN
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-2F- 7 val ues. In addition, the pre | nvent ion is
characterized in t hat when cal cul ating tone méacml ues, a
‘detection is nmade of an anmpunt of cal cul ati on nece

rarithnetic processing section to conduct other pro

wavef orm sanpl e val ue cal culation is executed with d| fferent

cal cul ating precision which is selectable in ~—— —accordance with the
detected cal cul ati on anmount for the other umwmmmuﬂmmnhen t he
arithnmetic processing section is 10 bu W th -t n | oads
on the arithnetic processi ng section can be ef fect) vél y °l edsened by
sel ecting | ow cal cul ati ng precision to reduce the anount of tone

wavef orm sanpl emeahgUESE iqiherAftithd ¢onb! wa®8P6 R | GBrrdsddtiifing to tREef orm
data can be continued with no break and wi thout 15 influencing the other
processi Ngreal-time PHrEOMREncECC NY sutomat iy €S peir fomanceon, biyone
generating processing based on an automatic performance is executed in
advance dusyngheopeusby weadingnesaggishefitrshgand seworckstomg wavefioom a

real -time perfornmance is not placing
samples from the memory.

dthe

5 18. A computer system for generating tone waveforms
corresponding to first performance information supplied in
response to a real-time performance and second performance
information supplied in response to an automatic performance,
which executes a waveform calculating process for calculating

10 tone waveform samples on the basis of said first and second
performance information, respectively, by use of a common
arithmetic processing section (10), said computer sysfem
comprising:

means for calculating a predetermined number of first

15 tone waveform samples for each predetermined block period on
the basis of said first performance information supplied in
response to a real-time performance, said means for
calculating, at optional time within first said block period,
calculating said predetermined number of first tone waveform.

20 samples to be generated within second said block period
following said first block period and storing the calculated
first tone waveform samples in a memory (12), said first tone
waveform samples stored in the memory being sequentially read
out at regular sampling intervals in said second block

25 period;

THIS SHEET HAS BEEN
REPLACED




20" heavy burdens on the arithmetic processing secti on. " result,
the burdens on the arithnetic processing sectlommeanalhsBuhRqﬂmstrlbuted

1imew se, which achieves greatly increased i ci ency of
the arithnmetic processing section.

- 28 - _ CLAI hod
of generating a tone waveform based on autonatlc perfornance

i nformation, using a processor device 5 executln |l ur a

different prograns on a tine di vj si on bem!mul H!ﬂj‘ m i ncI udi ng
executing a waveform _ calculatlng4brocess one

wavef orm sanples on the basis of one of the prograns by sharlng t he

pr ocessor medy E>WidetRAARE oh 025 eRs10L" Rapdl 13yl e
10 prograns, said method conpr|3|ng he steps o tecting an
avai | abl e bfmeapdr ar9thingtiBi pro6ésding section which is not currently
| occupied by a process for calculating said first tone
waveform samples, as available processing capability for
5 generation of a tone waveform based on said second
performance information:;
means for calculating second tone waveform samples based
on said second performancé information in advance of
predetermined generation timihg thereof, using said available
10 processing capability detected by éaid means for detecting,
said means for calculating second tone waveform samples also
storing in a memory the calculated second tone waveform
samples; and
means for generating tone waveform samples corresponding
15 to the real-time performance and automatic performance by,
at regular sampling intervals, reading out from the memory
said, first and second tone waveform samples corresponding to

each same said block period.

THIS SHEET HAS BEEN
REPLACED




;prScessbr device is not currently used for the other process, as

avai l abl e processing capability for the waveform cal cul ati ng

process: 15 calculating a plurality of tone waveform sanpl es based
“on the performance information in advance of predetern ned

generation timng thereof by executing the waveform cal cul ating
process wusing said available processing capability detected by
said step of detecting, said step of 20 calculating including a step of
storing the cal cul ated tone mag&{orn1sanples in a nmenory; and
generating a tone waveform by readi ng “the tone wavef or m sanpl es
fromthe nenory at said generation timng. 2. A net hod as

defined in claim1 wherein said stegpfract 25 calculating cal cul ates one
or nore predetermned units of the—— ' '

-29- . "Tone Waveform Generating Method and Apparatus Based on
Software"l

A tone waveform is generated by using é CPU on a

5 multitask basis. The CPU collectively calculates 128 (one

block of) tone waveform sample values, and transmits the

calculated tone waveform sample values to a reproduction

section in response to a predetermined calculation triggering

clock pulse (BC) generated every 128 samples. When

10 sufficient processing capability of the CPU performing thé

ﬁultitask is available for the waveform sample calculatioh,

tone waveform sample values for one or more following blocks

are also calculated and stored in a sample buffer in advance.

Wwhen the CPU is too busy with the other software processing

15 to execute the waveform sample calculation, it is just

sufficient that the previously stored tone waveform sample

values be read out to be transmitted to the reproduction

section. This prevents operational delays of the other
software proceséing.

20 . : (Figure 3)



t orie wavef or m sanpl es dependi ng on said detected avail able processi ng

capahility, each said unit being a predeterm ned nunber of theltione
wavef or m sanpl es. 3. A nmethod as defined in claim1 wherein said
step of 5 <calculating starts calculating the tone waveform sanples in
advance of said step of generating, and said step of generating starts
readi ng the tone waveform sanples fromthe . menory after a plurality of
t he tone waveform sanpl es are stored in the nenory. 10 4, A
met hod as defined in claim1 wherein when nore than a predeterm ned
nunber of unread tone waveform sanples are not resident in the nenory,
said step of cal cul ating cal cul ates a predeterm ned nunber of tone
wavef orm sanpl es N15 irrespective of said detected available
processi ng cgpability. 5. A nmet hod of generating a tone
wavef orm based on per formance information, using a processor device
executing a plurality of difrerent prograns oh a tine division basis,
20 said net hpd anludingzp ecuting a waveform ¢al cul ating
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process for cal cul ati ng tone wavef ormsanples on the basis of one of

the prograns by sharing the processor device with anot her proggss
based on anot her one of the prograns, said met hod conprising the
steps of: ' : - 30 -
detecting. an anount of calculation tinme necessary for t he ot her
process, when the waveform cal cul ating process is to be executed: and
cal cul ati ng tone waveform sanples by selectively 5 executing the waveform
cal cul ati ng process-that involves a vari abl e cal cul ati on anmount whi ch
"depends on said anount of calculation time necessary for the other
process detected by said step of detecting. 6. A net hod as
defined in claim5 pherdin said step of- 10 calculating calculates the
tone waveform sanples] with /,_\\
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different precision depending on the cal cul ati on anount “involved in

t he wavef orm cal cul ati ng process. 7. A nethod of generating tone
waveforms corresponding to 15 first performance information based on
a real-tine performance and second- performance information kased on
an automatic performance, which includes executing a waveform

cal cul ating. process for cal cul ati ng tone waveform sanpl es on t he basis
of said first and second performance information, 20 respectively, by use
of a common arithnmetic ppAgAREor. said met hod conprising the steps of:
cal culating a predeter mpg nunber of first tone wavef or m
sanpl es for each pregleternyned pqfiod on the basis of said first
performance RENFUMEat | on sﬂbplied n response 35 to—=>1¥l-tine

per f or mance; INUT 3T

detecting a portion of proce

Tg capability of said

TIMER CLOCK PULSE BC

CPU REPRODUCTION
PROCESSING

REPRODUCTION
SECTION

READOUT READOUT FOR |
FOR REPRODUCTION | REPRODUCTION

N

FIG. 3 —— TIHE

(REPRODUCTION PROCESSING SOFTWARE )

INITIALIZATION ~—S1

‘

REPRODUCTION PROCESSING [~—-S2

FIG. 4



arithnetic processor which is not currently occupied by a process
“for calculating said first tone waveform sanpl es, as avai | abl e4ys
processing capability for generation of a tone 5 waveform based on
sai d second performance information; ' cal cul ati ng second tone
wavef orm sanpl es based on said second performance information in
advance of predeterm ned generation timng thereof, using said avail able
processi ng capability detected by said step of detecting; 10
storing in a nenory said first and second tone waveform sanpl es

calculated b 5&+§iﬁ+ﬁﬁ??a+—g ating; and generating tone
wavefornms co ﬁ g ERQCESH | -time performance and automatic
per f or mance by teading said first and second tone
wavef or m sanpl es DIy . 8. A met hod as defined
in claim7 wher & storing in a nenory includes a step
of adding said fit YBecond tone waveform sanples for each
sanpl e correspQrreH ationy,fJjimng so as to store
resultant ad N e i 1 fhe nenory, and said step
of generating < . ~Tone waef orm sanpl es fromthe
menory. s12 NO :

WP++ [™~—S13
1

REPRODUCE AUTO. PERFORMANCE [~—S1 4
DATA CORRE.TO ONE BLOCK

IS THERE
SUFFICIENT TIME FOR
CALCULATION?

NO
| S17
S15

YES CALCULATE WAVEFORM DATA
: FOR ONE BLOCK

(LOW PRECISION FOR SOME
S16 OF THE CHANNELS)

CALCULATE WAVEFORM DATA FOR
ONE BLOCK (HIGH PRECISION)

&
S18
RF<0  tI~sS19
. ' WE<0 .
k ]
RP++ sS20

. I
CALCULATE WAVERFORM DATA IN RESPONSE TO PERFORMANCE INPUT ~—S21
I ' '
ADD WAVEFORM DATA INTO BLOCK SPECIFIED BY RP ~— S22
|
SUPPLY WAVEFORM DATA FROM THE BLOCK TO REPRODUCTION SECTION m™—SZ23
I
CLEAR BLOCK SPECIFIED BY RP ™~ S24

F I G. 6



9. & A fmachi ne-readabl e recordi ng medi um cont ai ni ng a group 5.45f

- +AastTUCti ons of a program for a waveform generation process to be
executed by a processor for generating a tone .

- 32 -mpsaasedaVEEOrm based on automatic performance information, said.

processor being capabl e of executing said wavef orm generation process
and anot her process responsive to a different group of instructions in
a parallel manner, said programconprising 5 the steps of:

detecting an avaj ¢ tinme portion in which said processor is not
currently used f ¢ ot her process, as avai | abl e- processing
capability for a™wg orm cal cul ating process; 10 cal cul ating a
plurality of tone’ cvefq$§k§anples based on the automatic performance
information in ad 2”0 1Es predeterm ned generation timng thereof by

executing tk

TIME AVAILABLE FOR
CALCULATION?

WP+ + S32

REPRODUCE PERFORMANCE DATA
CORRE. TO ONE BLOCK S33

CALCULATE VWAVEFORM FOR
ONE BLOCK ~S34
(HIGH PRECISION)—BLK (WP) :

S35
WP CURRENTLY “\4f NO
POINTS TO LAST
BLOCK? /,/'
YES
WP=RP—17?
WFe0

J S37

END

FIG. 6



~ waveform cal cul ating process using said avail abl e processi-ng

capability detected by said step of detecting, said step of 15

eform

calculating calculates one or more predetermined units of the

Tal cul at i ng including a step of storing the cal cul mmm,ﬁ] WAV
sanples in a nenory; and generating a tg %,%adi ng
out the tone wavef orm sanpl es fromthe nenoryjal said generat} gn
tim ng. 10. A nmachi ne-readabl e recordi ng nefi Jrroqpuug}lﬁp‘hg a lgr oup
20 of instructions of a programfor a waveform gepefation rogcess to
be executed by a processor for genera |ng a tone S on
performance i nformation, said process g = bei nfj capabl e of executing
sai d wavef orm generati on process and anot her—proeeess—tesponsive to a
different group of 25 instructiqng, i A lpag al | el Iwmu“ﬂummngram
conpri sing ”“ﬂ st eps
of :
1. A method of generating a tone waveform based on
automatic performance information, using a processor device
5 executing a plurality of different programs on a time
division basis, said method including executing a waveform
calculating process for calculating tone waveform samples on
Uy the basis of one of the programs by sharing the processor
device with another process based on another one of the
10 programs, said method comprising. the steps of:
detecting an available time portion in which said
processor device is not currently ueed for the other process,
as avallable processing capability for the waveform
calculating process:
15 calculating a plurality of tone waveform samples based
on the performance information in advance of predetermined
generation timing thereof by executing the waveform
~ .
_calculating process using said available processing
capability detected by said step of detecting, said step of
20 calculating including a step of storing the calculated tone
waveform samples in a memory: and
generating a tone waveform by reading out the tone
waveform samples from the memory at said generation timing.
2. A method as defined in claim 1 wherein said step of
25



detecting an anount of cal cul ation timernecessaryfor——
process, when a waveform cal cul ati ng pd

€alculating tone waveform sanples mgumanmmlil’”"!)
wavef orm cal cul ating process that involves @ - " vari=a
anount whi ch depends on said anount of calculation ti
the ot her process detected by said step of detectifig;
generating a tone waveform based on the cal cul ated ton Vervee
sanpl es. 11. A machi ne-readabl e recordi ng ﬁEdluﬁTEUﬂLaLﬂngLf grioyp
of instructions of a programto be ex@@uted by a processor - |
generating tone waveforns corresponding to first 15 perfornance -

'“for”at'%'n%a%ﬁge%rﬁ 5 k)l ”ﬁeB%htﬁhg‘i?ﬁe 4 dete déeerfoé%i’f Pémance

i nformati on based on an au or mance, sai d program conpri sing

th t | t
masefosﬁfgg%%eggl g cagaﬁf gg abhog é% P4 eGgl £ B I % Qgﬁ@@ﬁef%%ﬁ %§& one

etermn period on the basis sai d
first perﬁ@ﬁﬁaﬂcgflaﬁgrﬁahéogaeggafmegamﬁlégsponse to areal-tine
per f or mance; detecting a portion of processing capability of
sai d

3. A method as defined in claim 1 wherein said step of

5 calculating starts calculating the tone waveform samples in
advance of said step of generating, and said step of
S generating starts reading the tone waveform samples from the

memory after a plurality of the tone waveform samples are
stored in the memory.

10

4. A method as defined in claim 1 wherein when more than
a predetermined number of unread tone waveform samples are
not resident in the memory, said step of calculating
calculates a predetermined number of tone waveform samples

15 irrespective of said detected available processing

capability.

- - ’

5. A method of generating a tone waveform based on

performance information, using a processor device executing

a plurality of different programs on a time division basis,

20 sald method including executing a waveform calculating

process for calculating tone waveform samples on the basis

of one of the programs by sharing the processor device with

another process based on another one of the programs, said

method comprising the steps of:



- processor which is not currently occupied by a process for

-calculating said first tone wavefor as avaifable 25 pt § =5
capability for generation of a tone - , J '{ﬁé@il
« 34 - on sai d second performan "" REPLACE ' ny
second tone waveform sanpl es based on said Secodnd pérfor 32

I nformati on in advance of predeterm ned generati on ti gﬁﬂﬁ eof ,
using said available processing 5 capability detected H sa

det ecting; storing in a nenory said first and second tone

wavef or m sanpl es cal cul ated by s&®-st eps of cal culLating—and ~
generating tone waveforns correspondlng to the real-tine per f or mance
and automatic ¥ ﬁ*ﬂﬁp o) e@EM S nd
second tone wa@g o?:rr%qgl%crr% rom t%e] éﬁé’ula}@iox{ &gnéé%%SH-g %S?rput er

SysFe”]fOEthB%ﬁ@E'BQo@eEQQewﬂ%ﬁeEﬁE”hQQEEGrm calculating process is

to be executed: and
calculating tone waveform samples by selectively
5 executing the waveform calculating process that involves a

variable calculation amount which depends on said amount of

calculation time necessary for the other process detected by

" said step of detecting.

6. A method as defined in claim 5 wherein said step of
10 calculating calculates the tone waveform samples with
different precision depending on the calculation amount

involved in the waveform calculating process.

7. A method of generating tone waveforms corresponding to‘

15 first performance information based on a real-time
performqgce and second performance ipformation based on an
_automatic performance, which includes executing a waveform
calculating process for calculating tong waveform samples on

the basis of said first and second performance information,

20 respectively., by use of a common arithmetic processor, said

. method comprising thé steps of: |

calculating a predetermined number of £first tone

waveform samples for each predetermined period on the basis

of said first performance information supplied in response

25 to a real-time_performance{



on automatic performance information, said conputer syst
a storage device that stores a pIuraIity of prograns

executes a waveform generation E"ﬂ atr
sanpl es based on a 20 predeterm ne mﬂﬂ” ﬂ#%ﬁﬁw
Fal

nor e ot her processes based on of hef : Ll
manner on a tine-divisional basis, mhereln sa d meveform
generation process conprises the st eps of:

an available tinme portion in which said - processor device is not
currently used for the other process,

b r gge‘ss_ as gMRAANE £ PELEELRY oE2RAIdd A nleP capdBIEL & Tbfakgylat | ng

arithmetic processor which is not currently occupied by a
process for calculating said first tone waveform samples, as
available processing capability for generation of a tone
5 waveform based on said second performance information:
Ca1Culating second tone waveform samples based on said
second performance information in advance of predetermined
L generation timing thereof, using said available processing
capability detected by said step of detecting;
10 storing in a memory seid first and second tone waveform
samples calculated by said steps of calculating; and
generating tone waveforms corresponding to the real-time
performance and automatic performance by synchronously

reading sald first and second tone waveform samples from the

15 memory.

8. A method as defined in claim 7 wherein said step of
storing in a memory includes a step of adding said first and
second tone waveform samples for each sample corresponding
to same generetion timing so as to store resultant added tone
20 waveform samples in the memory, and said step of generating

reads out the added tone waveform samples from the memory.

2. A machine:;eadable recording'medium containing a group

of instructions of a program for a waveform generation

process to be executed by a processor for generating a tone




calculating a plurality of tone waveform sanpl es bas¢
performance information in advance of 5 predeterm ned g¢

thereof by executing the wavef or m culatln roces.

avai | abl e processing capability. d ﬂﬁh Hﬂl &ul

said step of cal cul ating |nclud|n ng

t one wavef orm sanples in said nenory; and 10

t one waveform by readi ng out the tone wavef or m sanpke

at said generation timng. 13. __A conputer system for gent

t one wavef orm based on perfornané@ rnformation, said conputer system
conpri si ng: a storage device that stores a plurality of
Progr aite; yavaform badelPBH Yahishatis! perreitatiRecl HisBAMPIde, 381

a processor device that executes a waveform generation process— for

gener at i NgrbeBSsHRVIS Di i S EY 1RS ohaéﬁéc@f\mg said %Q@Qb@'ﬂlnbéﬁdraﬁﬁoﬁ; t he
Tans, and one or _nore otirer I OCESSES pased om other—o

prograns pgogepsr andehnotfiernprbeess nraspbﬁsidevwl andifpeseat group

. wherein sard wavefrorm generati on pr ocess conprises the steps of:

det ecti ngoéninsbuuctibbnsaln @ paraiblel mameersswid program comprising

sai d prog
5
"
10
15
\J
20
25

the steps of:

' detecting an available time portion in which said

processor is not curtently used for the other process, as

available processing capability for a waveform calculating
process;

calculating a plurality of tone waveform samples based
on the automatic performance information in advance of
predetermined generation timing thereof by executing the

waveform calculating process using said available processing

_ capability detected by said sfep of detecting, said step of

calculating including a step of storing the calculated tone

waveform samples in a memory; and

ggggrating a tone waveform by reading out the tone

waveform samples from the memory at said generation timing.

12. A machine:readable recording medium containing a group

of instructions of a program for a waveform generation'

process to be executed by a processor for generating a tone

waveform based on performance information, said processor

being capable of executing said waveform generation process

and another process responsive to a different group of

instructions in a parallel manner, said program comprising

sai d



for the other process,
execut ed;
SHEET

% one waveform sanpl es by selectively

e EXEC UL ef Qrm |
cal cul ating process that involves a: I!" Iiﬂ,ﬁ! ! af i pnOahdi 1998 chh
depends on said anount of cal cul at+ ! mgm};ry f t he ot her

process detected by 5

when a waveform cal cul ati ng process—25 _is to be

REPLACRYENTS?

WRVE
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sai d step of detecting;" ¢ storing in

said nmenory the tone waveform sanpl es cal cul at ed by 'sei-d—step_of

cal cul ating; and

SAdrror

generat¥hg a tone waveform by readi ng out

the tone wavef orm sanples fromthe nenory. 10 14. A conput er
systen1fthg¢g?E?Eigggtone wavef or ms corresponding to first
0

per formance in

mat 1 on based on a real -time performance and second

performance i nixEitidy an amERd OF GA1EYILEP6ACLPRE S ABEBAEEryS R0

conput er

system
the other process, when g'waveform calculating process is to

be execute@i

calculating tone waveform samples by selectively

executing the waveform calculating process that involves a

'~ variable calculation amount which depends on said amount of

~

10

calculation time necessary for the other process detected by

said step of detecting; and

generating a.tone waveform based on the calculated tone

waveform samples.

11, A machine:readable recording medium containing a group

15

20

25

of instructions of a program to be executed by a processor

for generating tone waveforms corresponding to first.
performance information based on a real-time performance and

second._gerformance information based on an automatic

- performanhce, said program comprising the steps of:

calculating a predetermined number of first tone
waveform samples for each predetermined period on the basis
of said first performance information supplied in response
to a real-time perfofmance;

detecting a portion of processing capability of said
processof which is not currently occupied by a process for
calculating said first tone waveform samples, as available

processing capability for generation of a tone waveform based



conprising: 15 a storage devi ce that stores a program
menory that stores tone waveform sanples;.—and

t hat executes a waveform generation e
tvavef or m sanpl es based on said permﬂmm”@(lﬁmm
wavef orm generation process conprises tilre :

cal culating a predeterm ned nunber of first tone:

each predeterm ned period on the basis - of said firs
information supplied in response 25 to a real-tine perf'e

- 37 -

detecting a tiné:ﬁ%rtlon of processing éapablllty

of said processor which is not currently used for a process for

cal cul ati gy $3hd 'selcthnd PsLURIEY M HFIIGET10AS

5

"
10
15

N
20
25

'calculating second tone waveform samples based on said
second performance information in advance of predetermined
generation timing thereof, using said available processing
capability detected by said step of detecting: |

storing in a memofy said first and second tone waveform
samples calculated by said steps of calculating; and

generating tone waveforms corresponding to the reai—time
performance and automatic performance by synchronously

reading said first and second tone waveform samples from the

memory.

}3.. A computer system for genérating a tone waveform based

on automatic performance information, said computer system

comprising:

a storage device that stores a plurality of programs:

a_memory that stores tone waveform samgles; and

a“processor device that executes a waveform generation

process for generating tone waveform samples based on a

predetermined one of the said programs, and one or more other

processes based on other of said programs in a parallel

manner on a time-divisional basis,

wherein said waveform generation process coggrises'the

steps of:

detecting an available time portion in which said

processor device is not currently used for the other process,




avail abl e processing capability for generation of a tone 5 f orm based
on said second performance information; cal c RﬁRL
t one wavef orm sanpl es based on sald—second__perfornarc

fn advance of predet er mi ned gener Axiiga i ¥l eof
avai l abl e . processing capability det mﬂﬂlmuwgm mpg’ o]
10 storing in said nenory said tIrst an t on.

wavef orm sanpl es cal cul ated by said steps of calculating;!and

generating tone waveforns corresponding to the real - 1
and automatic performance by synchroh Iy reading said first an
second tone waveform sanples fromthe 15 nenory. 15. A tone

wavef orm Q%“S{rﬁﬂﬁg%l . POLe Y 1§ c?a?if‘acﬁitl%,fstf‘for W@Ed&!‘rﬁ“c\é‘i'dﬁialﬁhg” ating

process for calcu a tone ~- waver orm varue for each sanpling timng
on the bagrpdefss; automati c performance i nformati on by neans of an
arithnmetic 20 processing unit in parallel wth another process, said tone

wavef or m gener at i ngcaB¢dDalt DOGPAI PlgGtality of ton@nwavaifbain Isanpiéss ection
step of detecting a remarning avai | abl e portion of processing

capabi | i t pasedsaion ar thbnetperformancer ocasformeation tiat advaacecurafent|y
used by the other
5 predetermined generation timing thereof by executing the
waveform calculating process using said available processing
capability detected by said step of detecting, said step of
L calculating including a step of storing the calculated tone

wavéform samples in said memory:; and

10 generating a tone.waveform by reading out the tone

waveform samples from the memory at said generation timing.

13. A computer system for generating a tone waveform based
on performance information, said computer system comprising:

. a storage device that stores a plurality of programs;

15 a memory that stores tone waveform samples; and

a processor device that executes a waveform generation

process “for generating tone waveform 'samples based on a

predetermined one of the said programs, and one or more other |

processes based on other of said programs in a parallel

20 manner on a time-divisional basis,

wherein said waveform generation process comprises the

steps of:

detecting an amount of calculation time necessary

for the other process, when a waveform calculating process

25 1is to be executed:.
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first waveform val ue cal cul ati on step of executlng the ETJe
cal cul ating process based on the aut R;PLA@ﬁyﬁﬁﬂLSHE

tsing the detected remaining ava uﬁ ﬂu y g ﬂMLproceSS|
capability so as to generate 5 a gi I H ne Gﬁﬂ?%%tues

wherein said given quantity corresponds to the detledt ed renmining
avai l abl e portion, and cumul atively storing the generated t one -
wavef or m values in a storage sectjon; . . a ' | p
of determ ning whet her the waveform ™11 "value calculating process in
said first waveform val ue cal culation step is being executed in
advance of given r&aficulatid’ f6ne waveform &aiAU¥ ¥@YekIetY: %Eﬂh

cal cul ati on step ofs—wherm—sard determ nation step determ nes that the

\Aﬁvef orm ¢éxled@tihy thd GvEfdin ESLASEat IndOprdedss €HAEULadolldegdwance of
t he

variable calculation amount which depends on said amount of

calculation time necessary for the bther process detected by

5 said step of detecting;

storing in said memory the tone waveform samples

calculated by said step of calculating; and

" generating a tone waveform by reading out the tone

waveform samples from the memory.

10 14. -A computer system for generating tone waveforms
corresponding to first performance information based on a
real-time performance and second performance information
based on an automatic performance, _si:g_q computer system
comprising:

15 a storage device that stores a program;

a memory that stores tone waveform samples; and

a“processor device that executes a waveform generation

process for generating tone waveform samples based on said

program,

20 wherein said waveform generation process domprises the

steps of:

calculating a predetermined number of first tone

waveform samples for each predetermined_period on the basis

of said first performance information supplied in response

25 to a real-time performance;



gi ven read timng, calculating a given quantity of tone vef orm

val ues on the basis of the automatic_perfornmance I nf Rﬁﬂj .
storing the cal cul ated tone waveformyv n_the stjor, 4 HEET
and 20 a tone waveform generatiib!ﬁ@ﬂﬂy l&gﬂ:

wavef orm by reading out, fromthe stor otpe

values at the read timng arriving at given tine |nhe .

16. A tone wavef orm generati ng net hod which executes a 25 wavetf orm

val ue cal cul ating process for cal cul atjng a tone
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recei ved perfornmance informati on by neans of an arithnetic

wavef orm val ue for each S Iing timng on the ba5|s of

e et e o
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of said processor which is not currently used for a process
for calculating said first tone waveforﬁ samples, as
available pi:bcessing capability for generation of a tone
waveform based on said second performance information;

calculating second tone waveform samples based on

said second performance information in advance of
predetermined generation timing thereof, using said available
processing capability detected by said step of detecting:

storing in said memory said first and second tone

waveform samples calculated by said steps of calculating; and

generating tone waveforms corresponding to the 1_':eal-
time performance and automatic performance by synchronously

reading said first and second tone waveform samples from the

memory.

15. A tone waveform generating method which executes a

waveforni value calculating process for calculating a tone

- waveform value for each sampling timing on the basis of

automatic performance information by means of an arithmetic

processing unit in parallei'with another process, said tone

waveform generating method comprising:

‘an availabili@g detection step of detecting a remaining

available portion of processing capability of said arithmetic

processing unit that is not currently used by the other

process:



5 a calculation step of calculating a given quantity of tone .
wavef orm val ues in advance of given read timng, by exgm w«gﬂﬁﬁﬁT SHEET
wavef orm val ue cal cul ati ng process based er f or [Thpe

F nformation; a storage step; of”ﬁ av=f or mﬂﬁi%§

10 calcul ated by said calculation step I’ﬂ% n$

storage section indicated by witing Iocatlon Hat® r@nemdna fhe
writing | ocation data,; a tone waveform generationlstep of
generating a tone wavef orm by reading out, fron1storagé_LgeaLru”o of

the 15 storage section indicated by $®ating | ocation data, the tone
waveformvalues at the read timng arriving at given tinme I nterval s

and then renewifig; g LegdiRdn PEALL S gl | on
step of, when tHhe€ Fage- st ep
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5 a given quantity of tone waveform values, wherein said given

quantity corresponds to the detected remaining available

portion, and cumulatively storing the generated tone waveform

N, values in a storage section:

a determination step of determining whether the waveform

10 wvalue calculating process in said first waveform value

calculation step is being executed in advance of given read

timing:;

a second waveform value calculation stgg?of, when said

determination step determines that the waveform value

15 calculating process is not being executed in advance of the

given read timing, calculating a given quantity of tone

waveform wvalues on the basis of the automatic performance

information and storing the calculated ‘tone waveform values

in the storage section; and

20 a tone waveform generation step of generating a tone

waveform by reading out. from the storage section, the tone

- waveform values at the read timing arriving at given time

intervals.

16. A tone waveform generating method which executes a

25 waveform value calculating process for calculating a tone




- 40 - currently used by the other process, and wherein said i
cal cul ation step calculates a quantity of tone waveform 'L-?QQM§WTSHEET

corresponding to the renmaining avail abl ete
-availability detection step, by executi ng “\mm&m ﬁw bl ue
calculating process based on the m““ oy JiUdplie |
det ected renai ni ng avai l abl e portion. * g °Aton veform -
generating method as recited in claim : 16 or 17 wherein th tOTage
section conprises a ring buffer. 10 19. A tone wavefoim generating

met hod whi ch executes a maveforhﬁ#%rue cal cul ating process for
cal culating a tone waveform val ue for each sanpling timng on the
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received performance information by means of an arithmetic

processing unit in parallel with another process, said tone

waveform generating method comprising the steps of:

5 a calculation step of calculating a given quantity of

tone waveform values in advance of given read timing, by

executing the waveform value calculatinngrocess based on the

performance information;

a storage step of storing the tone waveform values

i0 calculated by said calculation step in storage locations of

a storage section indicated by writing location data and

renewling the writing location data:

a tone waveform generation step of geherating a tone

waveform by reading out, from storage locations of the

15 storage section indicated by reading location data, the tone .

waveform values at the read timing arriving at given time

intervals and then renewing the reading location data:; and

a~Iimitation step of, when the writing location data

renewed by said storage step has caught up with the reading

20 location data, limiting calculation of said@ calculation

step.

17. A tone waveform generating method as recited in claim

16 which further comprises an availability detection step of

detecting a remaining available Agortion of processing

25 capability of said arithmetic processing unit that is not




processing unit

in parallel wth another process, sgtg—t+enAe-—lo_uayeform
gener ati ng met hod conpr|5|ng an avallablREPkAaﬁmﬁﬁﬂ’g E,Tép of
detecting a renaining on 0 r oqe§sSImgTapabr++j y | of
aid arithmetic proceSS| ng m mi““.“‘ M“Ecurr tqg Wg?@y the
ot her- process; \m e ca Ng{ a
gi ven quantity of t one mavefor%10alues I n adv%n ad
timng, by executing the waveform val ue cal cufating process basged on
t he performance i nformation; a first strorage—step—ef-
storing the tone waveform val ues - 40 -
- 41 - cal cul ated by said first calculation step in storage
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renewi ng £

step of g
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values corresponding to the remaining available portion

detected by said availability detection step, by executing

the waveform value calculating process based on the

performance information wusing the detected remaining

available portion.

18. A tone waveform generating method as recited in claim

16 or 17 whérein the storage section comprises a ring buffer.

19. A tone waveform generating method which executes a

waveform wvalue calculating process for calculating a tone

waveform value for each sampling timing on the basis of

received performance information by means of an arithmetic

processing unit in parallel with another process, said tone

‘waveform generating method comprising:

an availability detection step of detecting a remaining

available portion of processing capability of said arithmetic

processing unit that is not currently used by the other

process;

a first calculation step of calculating a given quantity

of tone waveform values in advance of given read timing, by

executing the waveform value calculating process based on the

performance information:;

a first storage step of storing the tone waveform values

a §&orage ieétlolendlgﬁggd g OXW|t|n% Iicailon. dgta and



storage section indicated by reading |location data, the ton §F LA&X@MﬁiEIHE
values at read timng arriving at given tine I nterval s : S ET

the reading | ocation data; a~second ctalcutatt+on- stjeg of, when the
reading location 10 data renewed by sa“",mml m' p hag dhBgHIN 9999
with the witing | ocation data, cal E ﬂ"tﬁﬂﬂqu nﬂity of tone
wavef orm val ues by executing the wavefor m‘vafuet cdl cdl ati ng pr OCESS
based on the performance information; ‘and a second-storage step
of storing the tone waveform 15 values cal cul ated by said second
calculation step in storage | ocat4birs of the storage section
corresponding to the witing | ocation data and renewing the witing
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locations of a storage Séction indicated by writing location

data and renewing the writing location data;

a tone waveform generation step of generating a tone

5 waveform by reading out, from storage locations of the

storage section indicated by reading location data, the tone

- waveform values at read timing arriving at given time

. intervals and renewing the reading location data;

a second calculation step of, when the reading location

10 data renewed by said generation step has caught up with the

writing location data, calculating a given guantity of tone

waveform values by executing the waveform value calculating

process based on the ggrformance information; and

a second storage step of storing the tone waveform

15 values calculated pg said second calculation step in storage

locations of the storage section corresponding to the writing

location data and renewing the writing location data.

- - ’

20. A tone waveform generating method as recited in claim

19 wherein the storage section comprises a ring buffer.
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