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TONE WAVEFORM GENERATING METHOD 
AND APPARATUS BASED ON SOFTWARE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of and apparatus 
for generating a tone waveform by a computer executing a 
software program to calculate tone waveform sample values, 
to thereby allow a CPU or processor of a micro computer 
system to function as a tone generator. 

Electronic musical instruments are conventionally known 
which implement a tone generator circuit by a tone generat 
ing software program executed by a CPU. In order to repro 
duce a tone waveform with such known electronic musical 
instruments, it is necessary to supply tone 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 inef?cient operation 
of the CPU because preparing for and ending each tone 
waveform sample value calculation require a considerable 
overhead. 

To provide a solution to the problem, it has been proposed 
to calculate a plurality of tone waveform sample values 
together for each relatively long, optional calculating clock 
pulse that is generated once every predetermined plurality of 
sampling clock pulses. However, in cases where the tone 
generating software program is run concurrently with other 
software, such as business or game software, burdens on the 
CPU tend to be signi?cantly great because tone waveform 
sample values for a plurality of samples have to be calcu 
lated in response to each calculating clock pulse, thus result 
ing in operational delays of the other software. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a method of and apparatus for generating tone waveform 
samples by executing tone generating software, which can 
prevent or minimize operational delays of other software 
program executed concurrently with the tone generating 
software. 

In order to accomplish the above-mentioned object, the 
present invention provides a method of generating a tone 
waveform based on automatic performance information, 
which includes executing a waveform calculating process 
for calculating tone waveform samples by sharing an arith 
metic processing section with another process, and which is 
characterized by comprising the steps of detecting a portion 
of processing capability of the arithmetic processing section 
that is not currently occupied by the other process as avail 
able processing capability for the waveform calculating 
process, calculating a plurality of tone waveform samples 
based on the performance information in advance of prede 
termined generation timing thereof by executing the wave 
form calculating process using the available processing 
capability detected by the step of detecting, this step of cal 
culating including a step of storing the calculated tone wave 
form samples in a memory, and generating a tone waveform 
by reading out the tone waveform samples from the memory. 
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2 
The present invention is characterized 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 calculat 
ing process and in that the waveform calculating process is 
executed using the thus-detected available processing capa 
bility so as to calculate tone waveform samples correspond 
ing to the detected available processing capability. The cal 
culated tone waveform samples are stored in a memory and 
then output from the memory at a 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 
only to the amount corresponding to the detected available 
processing capability. In cases where a plurality of applica 
tion programs are concurrently run on a multitask basis, this 
arrangement of the invention permits extra tone waveform 
samples to be calculated and saved when su?icient process 
ing capability of the arithmetic processing section is avail 
able for the waveform sample calculation, thus providing 
increased operational ef?ciency 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 applica 
tion program with priority over the waveform sample 
calculation, tone waveform samples can continue to be out 
put without a break by just reading out the tone waveform 
samples calculated and saved previously when su?icient 
processing capability of the arithmetic processing section 
was available for the waveform sample calculation, with the 
result that the other application program can be executed 
with increased ef?ciency. 
The step of calculating a plurality of tone waveform 

samples may calculate one or more predetermined units of 
the tone waveform samples collectively depending on the 
detected available processing capability, with each of the 
units being a predetermined number of the tone waveform 
samples. This arrangement of the invention can substantially 
reduce the overhead spent in preparing for the waveform 
sample value calculating process and the like. 

Further, in a preferred embodiment, the step of calculating 
starts calculating the tone waveform samples in advance of 
the step of generating, and the step of generating starts read 
ing the tone waveform samples from the memory only after a 
plurality of the tone waveform samples are stored in 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 pro 
cessing capability. Thus, even when more than a predeter 
mined 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 
process to execute the advanced calculation of tone wave 
form samples, calculation of tone waveform samples can 
always be guaranteed to provide a predetermined number of 
tone waveform samples, which reliably prevents an 
unwanted break in generated tones. 

According to another aspect, the present invention pro 
vides a method of generating a tone waveform based on 
performance information, which includes executing a wave 
form calculating process for calculating tone waveform 
samples by sharing an arithmetic processing section with 
another process, and which is characterized by comprising 
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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 executing the Waveform calculating process that 
involves s different calculation amount depending on the 
amount of calculation necessary for the other process 
detected by the step of detecting. 

This arrangement achieves ef?cient processing by permit 
ting selective sWitching in the calculation amount of the 
Waveform calculating process. For example, the calculation 
amount is made relatively small When the amount of calcu 
lation necessary for the other process is relatively great; oth 
erWise the calculation amount is made relatively great. 

Preferably, tone Waveform samples may be calculated 
With 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 
of calculation necessary for the other process, tone Wave 
form samples can be calculated With relatively loW (coarse) 
precision When the amount of calculation necessary for the 
other process is relatively great, While tone Waveform 
samples can be calculated With relatively high (?ne) preci 
sion When the amount of calculation necessary for the other 
process is relatively small. This alloWs tone Waveform 
samples to be generated Without involving increased burdens 
on the arithmetic processing section and in?uencing the 
other process and Without causing an unWanted break. 

According to still another aspect, the present invention 
provides a method of generating tone Waveforms corre 
sponding to ?rst performance information based on a real 
time performance and second performance information 
based on an automatic performance, Which includes execut 
ing a Waveform calculating process for calculating tone 
Waveform samples on the basis of the ?rst and second per 
formance information, respectively, by use of a common 
arithmetic processing section, and Which is characterized by 
comprising the steps of calculating a predetermined number 
of ?rst tone Waveform samples for each predetermined 
period on the basis of the ?rst performance information sup 
plied 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 
calculating the ?rst tone Waveform samples as available pro 
cessing capability for generation of a tone Waveform based 
on the second performance information, calculating second 
tone Waveform samples based on the second performance 
information in advance of predetermined generation timing 
thereof using the available processing capability detected by 
the step of detecting, storing in a memory the ?rst and sec 
ond tone Waveform samples calculated by the steps of 
calculating, and generating tone Waveforms corresponding 
to the real-time performance and automatic performance by 
synchronously reading the ?rst and second tone Waveform 
samples from the memory. 

According to this arrangement, the second tone Waveform 
samples based on the second performance information are 
calculated and saved in advance of predetermined generation 
timing thereof, When suf?cient processing capability of the 
arithmetic processing section is available. Thus, When the 
?rst performance information is supplied in response to a 
real-time performance, the process for calculating the ?rst 
tone Waveform samples on the basis of the ?rst performance 
information can be executed With priority over the process 
for calculating the second tone Waveform samples. The bur 
dens on the arithmetic processing section are effectively dis 
tributed timeWise, Which achieves increased operational e?i 
ciency of the processing section. 
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4 
BRIEF DESCRIPTION OF THE DRAWINGS 

For better understanding of various features of the present 
invention, the preferred embodiments of the invention Will 
be described in detail hereinbeloW With reference to the 
accompanying draWings, in Which: 

FIG. 1 is a block diagram illustrating an exemplary hard 
Ware structure of a microcomputer system Which has a tone 
generating function based on the principle of the present 
invention; 

FIGS. 2A to 2D are diagrams illustrating exemplary con 
?gurations of various softWare programs stored in the micro 
computer system of FIG. 1; 

FIG. 3 is a timing chart explanatory of reproduction pro 
cessing carried out in the microcomputer system; 

FIG. 4 is a ?owchart illustrating exemplary operation of 
the microcomputer system; 

FIG. 5 is a ?owchart illustrating a part of a detailed con 
trol ?oW of the reproduction processing; and 

FIG. 6 is a ?oWchart illustrating the remaining part of the 
control ?oW of the reproduction processing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram illustrating an exemplary hard 
Ware 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 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 program that is essential 
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 multimedia application softWare set is read into the 
RAM 12 prior to its execution. At predetermined regular 
intervals, the timer 14 outputs an interrupt signal to the CPU 
10 and sends sampling clock pulses to the reproduction sec 
tion 18. The serial interface 15 is provided for transmitting 
and receiving data and control signals to and from various 
external peripherals connected to the microcomputer system 
21. 

The keyboard 16 and display 17 may both be of any suit 
able type depending on a particular application of the micro 
computer 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 conven 
tional LCD (Liquid Crystal Display). Where the system 21 is 
applied as a karaoke device, 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 large-siZe CRT monitor. 

The reproduction section 18 is a so-call sound board, 
Which stores in its internal buffer Waveform data for a plural 
ity of samples received from the CPU 10 and outputs the 
Waveform data to the 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 
can be additionally Written, so that each group (i.e., block) of 
Waveform data received from the CPU 10 is stored in the 
buffer immediately after another Waveform data group being 
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currently read out from the buffer. The buffer may be con 
structed as a FIFO, dual-port or other suitable memory struc 
ture. The D/A converter 19 converts each Waveform data 
supplied from the reproduction section 18 into an analog 
tone signal, Which is then audibly reproduced through a 
sound system 20 comprised of ampli?ers and speakers. 

In the above-mentioned hard disk 13, there may be stored 
various other data such as automatic performance data and 
chord 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 ROM 11. This greatly facilitates version-up of 
the operation program, addition of an operating program, 
etc. A CD-ROM (compact disk) 23 may be used as a 
removably-attachable external recording medium for record 
ing various data such as automatic performance data, chord 
progression data and tone 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 drive 24 to be transferred for 
storage into the hard disk 13. This facilitates installation and 
version-up of the operating program. The removably 
attachable external recording medium may of course be 
other than the CD-ROM, such as a ?oppy disk and magneto 
optical disk (MO). 
A communication interface 25 may be connected to the 

bus 22 so that the microcomputer system 21 can be con 
nected via the interface 25 to a communication netWork 26 
such as a LAN (Local Area Network), intemet 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 con 
tained in the hard disk 13, these operating program and data 
can be received from the server computer 27 and doWn 
loaded into the hard disk 13. In such a case, the microcom 
puter system 21, a “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 server computer 27 delivers the requested operating pro 
gram and data to the microcomputer system 21 via the com 
munication netWork 26. The microcomputer system 21 com 
pletes 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 that the microcomputer sys 
tem 21 may be implemented by installing the operating pro 
gram and various data corresponding to the present inven 
tion in any commercially available personal computer. In 
such a case, the operating program and various data corre 
sponding to the present invention may be provided to users 
in a recorded form on a recording medium, such as a 
CD-ROM or ?oppy disk, Which is readable by the personal 
computer. Where the personal computer is connected to a 
communication netWork such as a LAN, the operating pro 
gram and various data may be supplied to the personal com 
puter via the communication netWork similarly to the above 
mentioned. 

FIG. 2 shoWs an exemplary con?guration of the 
multimedia-type application softWare set stored in the RAM 
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 
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6 
header contains various data indicative of a version, memory 
siZe, etc. of the multimedia-type application softWare set. 
The overall control softWare controls the concurrent or par 
allel operation of the above-mentioned softWare in such a 
manner that all these softWare operates smoothly, and the 
image control softWare controls various images to be pre 
sented on the display 17. The music control softWare con 
trols automatic performance based on automatic musical 
performance data and generation of a tone Waveform based 
on performance data supplied on a real-time basis. The other 
control softWare controls input by a user and other opera 
tions. 

FIG. 2B shoWs a detail of the music control softWare, 
Which includes reproduction processing softWare, a tone 
color data section, an automatic performance data section 
and a Working area. The reproduction processing softWare 
performs various operations, as ?oWchar‘ted in FIGS. 4, 5 
and 6, to 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 con 
trolling envelopes, ?lter controlling parameters, etc. Where 
the 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 Working area provides various registers to store 
data that become necessary as the reproduction processing 
softWare runs as Well as data produced during various 
processes, and the Working area corresponds to internal reg 
isters of a conventional hardware tone generator and regis 
ters of various 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 Wave 
form generating operations of the microcomputer system 21. 
As shoWn, the sample buffer is a ring buffer comprising “n” 
blocks BLK(0) to BLK(n-l), and according to the present 
invention, Waveform data for 128 samples (128 Waveform 
sample values) are Written in each of the blocks. 

In FIG. 3, the reproduction processing softWare is acti 
vated by a calculation triggering clock pulse BC generated 
every 128 sampling clock pulses. The reproduction process 
ing 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 
data Writing does not adversely in?uence other operations. 
Real-time performance data entered by the user or player via 
the keyboard 16 are input in response to a ?rst calculation 
triggering clock pulse BC generated after the entry, so that 
corresponding Waveform sample values are calculated. The 
reproduction section 18 buffers the Waveform data that are 
input via the CPU 10 in response to the calculation trigger 
ing 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. 

As shoWn in FIG. 2D, each of the blocks in the sample 
buffer in Which Waveform data are to be Written is pointed to 
by a Writing block pointer 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, 
reference character WF represents a Write-enable ?ag and 
reference character RF represents a read-enable ?ag. The 
read-enable ?ag RF is kept set throughout a period from the 
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start to end of an automatic performance, and the Write 
enable ?ag WF is kept set throughout a period from Writing 
of ?rst data to Writing of last data of an automatic perfor 
mance. 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 ?ag WP and the read-enable ?ag RF 
are set, do not conform to each other. 

In instructing data and instructing ?ag sections of the 
Working area are Written various instructions given from the 
overall control software, and these sections correspond to an 
instruction register Within a conventional hardWare tone gen 
erator. Speci?cally, data Written in the instructing data and 
instructing ?ag sections are for example: 

data designating a speci?c music piece number for Which 
automatic performance data are to be reproduced, 
because the music control softWare contains automatic 
performance data for a plurality of music pieces; 

data designating a range to be reproduced in a case Where 
only part of performance data of a speci?c music piece 
are to be reproduced; 

data designating a tone color for each performance part; 
and 

real-time performance data input via the keyboard 16 and 
serial I/O 15 Which may be suitably received the above 
mentioned other control softWare. 

Part control data section of the Working area contains tone 
color selecting data, tone volume level controlling data, etc. 
for each performance part in a case Where multipart auto 
matic 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. Speci?cally, the chan 
nel control data include various data necessary for each of 
the channels to generate a tone signal, such as data designat 
ing a musical scale, a current address counter value, data 
determining a shape and current value of an envelope. 
Namely, this channel control data section corresponds to 
registers Within a conventional hardWare tone generator. 

Exemplary operation of the microcomputer system 21 
Will be described in greater detail hereinbeloW With refer 
ence to ?oWcharts of FIGS. 4, 5 and 6. FIG. 4 is a ?owchart 
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 S1. 

FIGS. 5 and 6 illustrate a detailed control How of the 
reproduction processing. First, at step S10, the reproduction 
processing Waits for a calculation triggering clock pulse BC 
to be generated. Assume that during this Wait period, another 
process is being executed With the control returned to the 
overall control softWare. Upon generation of the calculation 
triggering clock pulse BC, the reproduction processing pro 
ceeds from step S10 to step S11, Where a determination is 
made as to Whether the read-enable ?ag RF is currently set to 
a value of “l” or not. If ansWered in the af?rmative at step 
S11, this means that an automatic performance is currently 
in progress, so that the reproduction processing goes to step 
S12 to calculate Waveform data for the automatic perfor 
mance. 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 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 
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been calculated, and thus arithmetic operations are per 
formed at steps S13 to S17 to calculate Waveform data of 
that block. 
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 “0” upon reach 
ing its maximum value (this is true With incrementing opera 
tions of the Writing and reading block pointers WP and RP as 
Will be described later). Automatic performance data corre 
sponding to one block are reproduced at next step S14. Then, 
at step S15, it is determined Whether there is suf?cient time 
for calculating Waveform data corresponding to the auto 
matic performance data. If ansWered in the af?rmative at 
step S15, calculation of Waveform sample data 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 su?icient time for such high-precision 
Waveform data calculation as determined at step S15, the 
calculation is effected at step S17 With the calculating preci 
sion loWered by a degree corresponding to the shortage of 
the calculating time. The loWering of the calculating preci 
sion 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 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 reproduc 
tion 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 (i.e., 
a block containing an end point). If the block to be read out 
this time is the last block, generation and readout of Wave 
form data based on the automatic performance data are no 
longer necessary, so that the Write-enable ?ag WP and read 
enable ?ag RF are both reset to “0” at step S19. After the 
resetting of the Write-enable and read-enable ?ags WP and 
RF, the reproduction processing proceeds to step S20 for 
calculation of a Waveform corresponding to a real-time per 
formance and transmission of the Waveform data to the 
reproduction section 18. 
When an automatic performance is not under Way and 

hence the read-enable ?ag RF is at a value of “0”, the repro 
duction processing goes directly from step S11 to step S20 in 
order to increment the reading block pointer RP. Waveform 
data of the block speci?ed by the reading block pointer RP 
(BLK(RP)) are transmitted to the reproduction section 18 at 
step S23 as Will be later described. A tone Waveform is cal 
culated in response to the player’s real-time performance 
data input at step S21, and the calculated Waveform data are 
added into the block speci?ed by the reading block pointer 
RP at step S22. The Waveform data are then supplied from 
the block to the reproduction 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 sup 
ply to the reproduction section 18. Namely, “0” is Written 
into every location of that block. 

After step S24, the reproduction processing performs 
operations at and after step S30 to effect data Writing in 
advance of data reading. At step S30, a determination is 
made as to Whether the Write-enable ?ag WF is currently set 
to “l” (WF=1). If ansWered in the af?rmative at step S30, 
this means that there is any other automatic performance 
data to be Written, so that data Writing operations are per 
formed at and after steps S31. If, on the other hand, the 
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Write-enable ?ag WF is not currently set to “1” (WF=0), this 
means that predetermined automatic performance have been 
calculated to the end, so that the reproduction processing is 
brought to an end Without performing any other operations. 

At step S31, 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 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 S32 so as to point to a 
block in Which data are to be Written after this, and perfor 
mance data corresponding to one block are read out for 
reproduction at step S33. Then, Waveform data for one block 
are calculated on the basis of the read-out performance data 
at step S34, and the calculated Waveform data are Written 
into a block pointed to by the Writing block pointer WP. In 
this case, the Waveform data calculation is executed With 
high precision for all the tone generating channels because 
suf?cient time can be spent on the calculation. 

Thereafter, the reproduction processing goes to step S35 
to make a determination as to Whether the block for Which 
the data Writing has been executed this time is the last block, 
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 ?ag WF is reset to “0” at step S37 because it is no 
longer necessary to Write Waveform data, and then the repro 
duction processing is brought to an end. The determination 
as to Whether the sample buffer is noW full of unread Wave 
form data is made by checking Whether the Writing block 
pointer WP has catch up With the reading block pointer RP 
after making a round through the ring buffer in advance 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 process 
ing is brought to an end after the af?rmative 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 step S36 
back to step S31. If it is determined at step S31 that there is 
still time left, then the data Writing is performed for a next 
block. 

In the above-described reproduction processing, the read 
ing block pointer RP is constructed as a so-called “free 
running” counter because the sample buffer may be used for 
real-time performance data input When an automatic perfor 
mance is not executed and the pointer RP is incremented 
Whenever the reproduction processing steps through steps 
S20 to S24. Therefore, When Waveform data are to be Written 
into the sample buffer prior to a start of an automatic perfor 
mance (i.e., before the read-enable ?ag RF is set to “1”), it is 
determined hoW earlier than the start of an automatic perfor 
mance the Writing of Waveform data should be initiated 
(namely, a determination is made of a speci?c number of 
counts of the calculation triggering clock pulses BC by 
Which the Writing of Waveform data should precede the auto 
matic 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 counts by 
Which the data Writing should precede the data reading. After 
this, the Write-enable ?ag is set to “1” so that leading Wave 
form data start being Written into the block pointed to by the 
Writing block pointer WP. 

Once the speci?c number of the calculation triggering 
clock pulses B are generated and hence the reading block 
pointer RP reaches the block Where the Waveform data Writ 
ing Was initiated, the automatic performance is started (i.e., 
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the read-enable ?ag RF is set to “1”) and the Waveform data 
are read out properly from the beginning. By virtue of the 
arrangement that the data Writing is executed (i.e., the Write 
enable ?ag WF is set to “1”) prior to the start of the auto 
matic performance (i.e., the read-enable ?ag RF is set to 
“1”), the function of executing the data Writing (calculation) 
in advance of the data reading can be utiliZed effectively 
from the starting point of the automatic 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 collectively in advance during a 
period When the amount of calculation necessary for another 
softWare processing executed in parallel With the reproduc 
tion processing softWare is small (i.e., When the CPU 10 is 
not busy With the other softWare processing), and the thus 
generated Waveform 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 trouble since Waveform data to be 
supplied to the reproduction section 18 at that timing have 
been generated and saved previously. This prevents opera 
tional delays in the other softWare processing. Because gen 
eration and supply to the reproduction section 18 of Wave 
form data are conducted on a block-by-block basis, a 
determination as to Whether there is time available is greatly 
facilitated and a plurality of Waveform data can be generated 
collectively, Which provide increased operating ef?ciency. 
Each of the blocks of the sample buffer has been 

described as storing 128 Waveform samples, but, Where the 
system is designed to no accept real-time performance data 
input, each of the blocks may be designed to store a greater 
number of samples, e.g., 1,024 or 4,096 samples, so as to 
permit the CPU 10 to operate more e?iciently. HoWever, 
Where the system accepts real-time performance data input, 
designing each of the blocks to store such a greater number 
of samples is not preferable in that intervals betWeen the 
calculation triggering clock pulses BC become longer and 
hence greater time lags Will occur from the real-time perfor 
mance data input to actual sounding of a tone corresponding 
thereto. 
The present invention arranged in the above-described 

manner achieves the folloWing bene?ts. 
According to the present invention, a detection is made of 

calculating capability of the CPU 10 or arithmetic process 
ing section that is unoccupied by other softWare processing 
and hence available for the reproduction processing and a 
speci?c number of tone Waveform sample values corre 
sponding to the unoccupied or available calculating capabil 
ity are generated prior to predetermined readout timing of 
the sample values. Thus, When a plurality of applications are 
run concurrently on a multitask basis, it is alloWed to calcu 
late Waveform data collectively for memory storage utiliZing 
the unoccupied or available calculating capability, Which 
permits the CPU or arithmetic processing section to operate 
With greatly increased e?iciency. Because it is just suf?cient 
that the previously stored Waveform data be read out to be 
transmitted to the reproduction section 18 When the arith 
metic processing section is busy With another application, 
processing by the other application can be performed e?i 
ciently Without being in?uenced by the Waveform sample 
calculation. 

Further, because a predetermined number of tone Wave 
form sample values are set as a basic calculating unit and 
tone Waveform sample values are actually calculated on a 
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unit-by-unit basis, it is possible to reduce the overhead spent 
in preparing for the Waveform value calculating processing 
etc. 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 calculation 
can be performed ef?ciently from the starting point of an 
automatic 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 
break in generated sounds because the Waveform calculating 
steps are alWays taken to prepare tone Waveform sample 
values. 

In addition, the present invention is characterized in that 
When calculating tone Waveform sample values, a detection 
is made of an amount of calculation necessary for the arith 
metic processing section to conduct other processing and the 
Waveform sample value calculation is executed With differ 
ent calculating precision Which is selectable in accordance 
With the detected calculation amount for the other process 
ing. Even When the arithmetic processing section is busy 
With the other processing, loads on the arithmetic processing 
section can be effectively lessened by selecting loW calculat 
ing 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 in?uencing the 
other processing. 

Moreover, according to the present invention, tone gener 
ating 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 
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 ef?ciency of the arithmetic processing section. 
What is claimed is: 
1. A method of generating a tone Waveform based on auto 

matic performance information, using a processor device 
executing a plurality of different programs on a time division 
basis, said method including executing a Waveform calculat 
ing 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: 

detecting an available time portion in Which said proces 
sor device is not currently used for the other process, as 
available processing capability for the Waveform calcu 
lating process; 

calculating a plurality of tone Waveform samples based on 
the performance information in advance of predeter 
mined generation timing thereof by executing the 
Waveform calculating process using said available pro 
cessing capability detected by said step of detecting, 
said step of calculating including a step of storing the 
calculated tone Waveform samples in a memory; and 

generating a tone Waveform by reading out the tone Wave 
form samples from the memory. 

2. A method as de?ned 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 prede 
termined number of the tone Waveform samples. 

3. A method as de?ned in claim 1 Wherein said step of 
calculating starts calculating the tone Waveform samples in 
advance of said step of generating, and said step of generat 
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ing starts reading the tone Waveform samples from the 
memory after a plurality of the tone Waveform samples are 
stored in the memory. 

4. A method as de?ned in claim 1 Wherein When more 
than a predetermined number of unread tone Waveform 
samples are not resident in the memory, said step of calculat 
ing 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 

[automatic] performance information, using a processor 
device 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 the basis of one of the programs by sharing the processor 
device With another process based on another one of the 
programs, the waveform calculating process being executed 
per predetermined constant period so as to collectively gen 
erate a plurality of tone waveform samples per execution of 
the waveform calculating process, said method comprising 
the steps of: 

detecting an amount of calculation time necessary for the 
other process, When the Waveform calculating process 
is to be executed; [and] 

calculating tone Waveform samples by selectively execut 
ing the Waveform calculating process that involves a 
variable calculation amount Which depends on said 
amount of calculation time necessary for the other pro 
cess detected by said step of detecting; and 

outputting the tone waveform generated by the waveform 
calculating process. 

6. A method as de?ned in claim 5 Wherein said step of 
calculating calculates the tone Waveform samples With dif 
ferent precision depending on the calculation amount 
involved in the Waveform calculating process. 

7. A method of generating tone Waveforms corresponding 
to ?rst performance information based on a real-time perfor 
mance and second performance information based on an 
automatic performance, Which includes executing a Wave 
form calculating process for calculating tone Waveform 
samples on the basis of said ?rst and second performance 
information, respectively, by use of a common arithmetic 
processing section, said method comprising the steps of: 

calculating a predetermined number of ?rst tone Wave 
form samples for each predetermined period on the 
basis of said ?rst performance information supplied in 
response to a real-time performance; 

detecting a portion of processing capability of said arith 
metic processing section Which is not currently occu 
pied by a process for calculating said ?rst tone Wave 
form samples, as available processing 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 prede 
termined generation timing thereof, using said avail 
able processing capability detected by said step of 
detecting; 

storing in a memory said ?rst 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 synchro 
nously reading said ?rst and second tone Waveform 
samples from the memory. 

8. A method as de?ned in claim 7 Wherein said step of 
storing in a memory includes a step of adding said ?rst and 
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second tone Waveform samples for each sample correspond 
ing to same generation timing so as to store resultant added 
tone 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 ?rst performance information based on a real-time perfor 
mance and second performance information based on an 
automatic performance, Which includes executing a Wave 
form calculating process for calculating tone Waveform 
samples on the basis of said ?rst and second performance 
information, respectively, by use of a common arithmetic 
processing section, said method comprising the steps of: 

calculating a predetermined number of ?rst tone Wave 
form samples for each predetermined block period on 
the basis of said ?rst performance information supplied 
in response to a real-time performance, said step of 
calculating including a step of, at [optional] a time 
Within ?rst said block period, calculating said predeter 
mined number of ?rst tone Waveform samples to be 
generated Within second said block period folloWing 
said ?rst block period and storing the calculated ?rst 
tone Waveform samples in a memory, said ?rst tone 
Waveform samples stored in the memory being sequen 
tially read out at regular sampling intervals in said sec 
ond block period; 

detecting a portion of processing capability of said arith 
metic processing section Which is not currently occu 
pied by a process for calculating said ?rst tone Wave 
form samples, as available processing 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 prede 
termined generation timing thereof, using said avail 
able processing capability detected by said step of 
detecting, said step of calculating second tone Wave 
form samples including a step of storing in a memory 
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 ?rst and second tone Waveform samples 
corresponding to each same said block period. 

10. A method as de?ned in claim 9 Wherein said step of 
storing said ?rst and second tone Waveform samples adds 
said ?rst 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 step of generating reads out the added tone 
Waveform samples from the memory. 

11. A machine-readable recording medium containing a 
group of instructions to cause said machine to generate a 
tone Waveform based on automatic performance information 
by executing a Waveform calculating process for calculating 
tone Waveform samples by using a processor device, the 
processor device also executing another process in response 
to a different group of instructions, said [medium] group of 
instructions executable by said processor device to perform 
a method comprising the steps of; 

[means for] instructing the machine to detect a time por 
tion in Which said processor device is not currently used 
for the other process, as available processing capability 
for the Waveform calculating process; 

[means for] instructing the machine to calculate a plural 
ity of tone Waveform samples based on the automatic 

10 

20 

25 

30 

35 

40 

50 

55 

60 

65 

14 
performance information in advance of predetermined 
generation timing thereof by executing the Waveform 
calculating process using said detected available pro 
cessing capability, said means for instructing the 
machine to calculate including means for instructing 
the machine to store the calculated tone Waveform 
samples in a memory; and 

[means for] instructing the machine to generate a tone 
Waveform by reading out the tone Waveform samples 
from the memory. 

12. A machine-readable recording medium containing a 
group of instructions to cause said machine to generate a 
tone Waveform based on performance information by 
executing a Waveform calculating process for calculating 
tone Waveform samples by using a processor device, the 
processor device also executing another process in response 
to a different group of instructions, [said medium compris 
ing] the waveform calculating process being executed per 
predetermined constant period so as to collectively generate 
a plurality of tone waveform samples per execution of the 
waveform calculating process, said group of instructions 
executable by said processor device to perform a method 
comprising the steps of 

[means for] instructing the machine to detect an amount 
of calculation time necessary for the other process, 
When the Waveform calculating process is to be 
executed; 

[means for] instructing the machine to calculate tone 
Waveform samples by selectively executing the Wave 
form calculating process that involves a variable calcu 
lation amount that depends on said detected amount of 
calculation time necessary for the other process; and 

[means for] instructing the machine to generate a tone 
Waveform based on the calculated tone Waveform 
samples. 

13. A machine-readable recording medium containing a 
group of instructions to cause said machine to generate tone 
Waveforms corresponding to ?rst performance information 
based on a real-time performance and second performance 
information based on an automatic performance, by execut 
ing a Waveform calculating process for calculating tone 
Waveform samples on the basis of said ?rst and second per 
formance information, respectively, by use of a common 
arithmetic processing section, said [medium] group of 
instructions comprising the steps of? 

[means for] instructing the machine to calculate a prede 
termined number of ?rst tone Waveform samples for 
each predetermined period on the basis of said ?rst per 
formance information supplied in response to a real 
time performance; 

[means for] instructing the machine to detect a portion of 
the processing capability of said arithmetic processing 
section Which is not currently occupied by a process for 
calculating said ?rst tone Waveform samples, as avail 
able processing capability for generation of a tone 
Waveform based on said second performance informa 
tion; 

[means for] instructing the machine to calculate second 
tone Waveform samples based on said second perfor 
mance information in advance of predetermined gen 
eration timing thereof, using said detected available 
processing capability; 

[means for] instructing the machine to store in a memory 
said ?rst and second tone Waveform samples calculated 
by said steps of calculating; and 

[means for] instructing the machine to generate tone 
Waveforms corresponding to the real-time performance 
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and automatic performance by synchronously reading 
said ?rst and second tone Waveform samples from the 
memory. 

14. A machine-readable recording medium containing a 
group of instructions to cause said machine to generate tone 
Waveforms corresponding to ?rst performance information 
based on a real-time performance and second performance 
information based on an automatic performance, by execut 
ing a Waveform calculating process for calculating tone 
Waveform samples on the basis of said ?rst and second per 
formance information, respectively, by use of a common 
arithmetic processing section, said [medium] group of 
instructions comprising the steps of? 

[means for] instructing the machine to calculate a prede 
termined number of ?rst tone Waveform samples for 
each predetermined block period on the basis of said 
?rst performance information supplied in response to a 
real-time performance, including means for instructing 
the machine to calculate, at an optional time Within a 
?rst said block period, said predetermined number of 
?rst tone Waveform samples to be generated Within a 
second said block period folloWing said ?rst block 
period, and means for instructing the machine to store 
the calculated ?rst tone Waveform samples in a 
memory, and sequentially read out at regular sampling 
intervals in said second block period said ?rst tone 
Waveform samples stored in the memory; 

[means for] instructing the machine to detect a portion of 
the processing capability of said arithmetic processing 
section Which is not currently occupied by the process 
of calculating said ?rst tone Waveform samples, as 
available processing capability for generation of a tone 
Waveform based on said second performance informa 
tion; 

[means for] instructing the machine to calculate second 
tone Waveform samples based on said second perfor 
mance information in advance of predetermined gen 
eration timing thereof, using said detected available 
processing capability, said means for instructing the 
machine to calculate second tone Waveform samples 
including means for instructing the machine to store in 
a memory the calculated second tone Waveform 
samples; and 

means for instructing the machine to generate tone Wave 
form samples corresponding to the real-time perfor 
mance and automatic performance by, at regular sam 
pling intervals, reading out from the memory said ?rst 
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, said computer 
system comprising: 

a memory device that stores a plurality of programs; and 
a processor device that executes a Waveform generating 

process including a Waveform calculating process for 
calculating tone Waveform samples based on a prede 
termined one of 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 [processor device] predetermined one of said 
programs includes the steps of 
[means for] detecting an available time portion in 
Which said processor device is not currently occu 
pied by the other process, as available processing 
capability for the Waveform calculating process; 

[means for] calculating a plurality of tone Waveform 
samples based on the performance information in 
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advance of predetermined generation timing thereof 
by executing the Waveform calculating process using 
said available processing capability detected by said 
[means for] step of detecting; 

[means for] storing the calculated tone Waveform 
samples in a memory; and 

[means for] generating 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, said computer system 
comprising: 

a memory device that stores a plurality of programs; and 

a processor device that executes a Waveform generating 
process including a Waveform calculating process for 
calculating tone Waveform samples based on a prede 
termined one of said programs and one or more other 
processes based on other of said programs in a parallel 
manner on a time-division basis, the waveform calcu 
lating process being executed per predetermined con 
stant period so as to collectively generate a plurality of 
tone waveform samples per execution of the waveform 
calculating process, 

Wherein said [processor device] predetermined one of said 
programs includes the steps of 
[means for] detecting an amount of calculation time 

necessary for said other process, When the Waveform 
calculating process is to be executed; and 

[means for] calculating tone Waveform samples by 
selectively executing the Waveform calculating pro 
cess that involves a variable calculation amount 
Which depends on said amount of calculation neces 
sary for said other process detected by said means for 
detecting. 

17. A computer system for generating tone Waveforms 
corresponding to ?rst performance information based on a 
real-time performance and second performance information 
based on an automatic performance, Which executes a Wave 

form calculating process for calculating tone Waveform 
samples on the basis of said ?rst and second performance 
information, respectively, by use of a common arithmetic 
processing section, said [computer system] waveform calcu 
lating process comprising the steps of; 

[means for] calculating a predetermined number of ?rst 
tone Waveform samples for each predetermined period 
on the basis of said ?rst performance information sup 
plied in response to a real-time performance; 

[means for] detecting a portion of processing capability of 
said arithmetic processing section Which is not cur 
rently occupied by a process for calculating said ?rst 
tone Waveform samples, as available processing capa 
bility for generation of a tone Waveform based on said 
second performance information; 

[means for] 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 [means for] step of detecting; 

[means for] storing in a memory said ?rst and second tone 
Waveform samples calculated by said [means for] step 
of calculating; and 

[means for] generating tone Waveforms corresponding to 
the real-time performance and automatic performance 
by synchronously reading said ?rst and second tone 
Waveform samples from the memory. 

18. A computer system for generating tone Waveforms 
corresponding to ?rst performance information supplied in 
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response to a real-time performance and second perfor 
mance information supplied in response to an automatic 
performance, Which executes a Waveform calculating pro 
cess for calculating tone Waveform samples on the basis of 
said ?rst and second performance information, respectively, 
by use of a common arithmetic processing section, said 
[computer system] waveform calculating process compris 
ing the steps of; 

[means for] calculating a predetermined number of ?rst 
tone Waveform samples for each predetermined block 
period on the basis of said ?rst performance informa 
tion supplied in response to a real-time performance, 
said [means for] step of calculating, at [optional] a time 
Within ?rst said block period, calculating said predeter 
mined number of ?rst tone Waveform samples to be 
generated Within second said block period folloWing 
said ?rst block period and storing the calculated ?rst 
tone Waveform samples in a memory, said ?rst tone 
Waveform samples stored in the memory being sequen 
tially read out at regular sampling intervals in said sec 
ond block period; 

[means for] detecting a portion of processing capability of 
said arithmetic processing section Which is not cur 
rently occupied by a process for calculating said ?rst 
tone Waveform samples, as available processing capa 
bility for generation of a tone Waveform based on said 
second performance information; 

[means for] 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 [means for] step of detecting, said [means for] step 
of calculating second tone Waveform samples also stor 
ing in a memory the calculated second tone Waveform 
samples; and 

[means for] generating tone Waveform samples corre 
sponding to the real-time performance and automatic 
performance by, at regular sampling intervals, reading 
out from the memory said ?rst and second tone Wave 
form samples corresponding to each same said block 
period. 

19. A method of generating a tone waveform by a proces 
sor which executes a waveform value calculating process, in 
parallel with another process, for calculating a tone wave 
form valuefor each sampling timing on the basis ofperfor 
mance information, said method comprising the steps of' 

detecting a remaining available portion ofprocessing 
capability of said processor that is not currently used 
by the other process; 

executing the waveform value calculating process based 
on the performance information using the detected 
remaining availableportion ofprocessing capability so 
as to generate a given quantity of tone waveform 
values, wherein said given quantity corresponds to the 
detected remaining available portion, and storing the 
generated tone waveform values in a storage section; 

determining whether the waveform value calculating pro 
cess in said step of executing is being executed in 
advance of given read timing; 

when said step of determining determines that the wave 
form value calculating process is not being executed in 
advance ofthe given read timing, calculating a given 
quantity of tone waveform values on the basis of the 
performance information and storing the calculated 
tone waveform values in the storage section; and 

generating a tone waveform by reading out, from the stor 
age section, the tone waveform values at the read tim 
ing arriving at given time intervals. 
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20. A method of generating a tone waveform by a proces 

sor which executes a waveform value calculating process, in 
parallel with another process, for calculating a tone wave 
form valuefor each sampling timing on the basis ofreceived 
performance information, said method comprising the steps 
of‘ 

calculating a given quantity of tone waveform values in 
advance of given read timing, by executing the wave 
form value calculating process based on the perfor 
mance information; 

storing the tone waveform values calculated by said cal 
culation step in storage locations of a storage section 
indicated by writing location data and renewing the 
writing location data; 

generating a tone waveform by reading out, from storage 
locations of the storage section indicated by reading 
location data, the tone waveform values at the read 
timing arriving at given time intervals and then renew 
ing the reading location data; and 

controlling, in response to a di?erence between said writ 
ing location data and reading location data, calcula 
tion progression ofsaid step ofcalculating. 

2]. A method as recited in claim 20 which further com 
prises a step ofdetecting a remaining available portion of 
processing capability ofsaid processor that is not currently 
used by the other process, and wherein said step of calculat 
ing calculates a quantity of tone waveform values corre 
sponding to the remaining availableportion detected by said 
step of detecting, by executing the waveform value calculat 
ingprocess based on theperformance information using the 
detected remaining available portion. 

22. A method as recited in claim 2] wherein said storing 
step further comprises the step of providing a ring buyfer for 
said storage section. 

23. A method as recited in claim 20 wherein said storing 
step further comprises the step of providing a ring buyfer for 
said storage section. 

24. A method ofgenerating a tone waveform by a proces 
sor which executes a waveform value calculating process, in 
parallel with another process, for calculating a tone wave 
form valuefor each sampling timing on the basis ofreceived 
performance information, said method comprising the steps 
of‘ 

detecting a remaining available portion ofprocessing 
capability of said processor that is not currently used 
by the other process; 

calculating a given quantity of tone waveform values in 
advance of given read timing, by executing the wave 
form value calculating process based on the perfor 
mance information; 

storing the tone waveform values calculated by said step 
of calculating in storage locations of a storage section 
indicated by writing location data and renewing the 
writing location data; 

generating a tone 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 read 
ing location data; 

further calculating a given quantity of tone waveform 
values, on the basis of a relationship between said 
reading location data and said writing location data, 
by executing the waveform value calculating process 
based on the performance information; and 

further storing the tone waveform values calculated by 
said step of further calculating in storage locations of 
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the storage section corresponding to the writing loca 
tion data and renewing the writing location data. 

25. A method as recited in claim 24 wherein said storing 
step further comprises the step of providing a ring bu?‘er for 
said storage section. 

26. A tone waveform synthesizing apparatus comprising: 
a storage adapted to temporarily store a plurality of tone 

waveform samples, said storage permitting the writing 
and reading, independently ofeach other, in aparallel 
fashion, said storage further storing a waveform form 
ingprogram; and 

a processor coupled to said storage and adapted to collec 
tively generate a plurality of tone waveform samples in 
advance of predetermined reproduction timing, by 
executing the waveform forming program stored in said 
storage, said processor adapted to control writing of 
the generated tone waveform samples into said storage 
and reading out the tone waveform samplesfrom said 
storage at said reproduction timing, the writing and 
reading into and from said storage being controlled 
independently ofeach other and also in such a manner 
that an advance of the writing does not outpace an 
advance ofthe reading. 

2 7. A tone waveform synthesizing apparatus as recited in 
claim 26 wherein said storage permits the writing and 
reading, independently of each other, in accordance with 
separate write instruction and readout instruction signals, 
respectively, and 

wherein said processor is adapted to control the write 
instruction signal so that the tone waveform samples 
are sequentially written into said storage from a begin 
ning ofa predetermined storage region ofsaid storage 
and, upon arrival at an end of the predetermined stor 
age region, the writing of the tone waveform samples 
returns to the beginning of the predetermined storage 
region and also that a writing location, in the storage 
region, indicated by the write instruction signal does 
not get ahead ofa reading location, in the storage 
region, indicated by the read instruction signal. 

28. A method ofgenerating a tone waveform, said method 
comprising the steps of' 

collectively generating a plurality of tone waveform 
samples in advance ofpredetermined reproduction 
timing, by a processor executing a waveform forming 
program; 

writing, into a storage, the plurality of tone waveform 
samples produced by said generating step, said storage 
being capable ofwriting and reading, independently of 
each other, in aparallelfashion; 

reading out the stored tone waveform samples from said 
storage at said reproduction timing; 

controlling writing and reading into andfrom said storage 
by said steps ofwriting and reading independently of 
each other and also in such manner that an advance of 
the writing does not outpace an advance ofthe reading; 
and 

outputting the tone waveform samples read by said steps 
ofthe reading. 

29. A method as recited in claim 28 wherein said steps of 
writing and reading into andfrom said storagefurther com 
prise the steps of being performed, independently of each 
other, in accordance with separate write instruction and 
readout instruction signals, respectively, and 

wherein said step of controlling further comprises the step 
of controlling the write instruction signal so that the 
tone waveform samples are sequentially written into 

15 

45 

50 

55 

60 

65 

20 
said storage from a beginning of a predetermined stor 
age region ofsaid storage and, upon arrival at an end 
of the predetermined storage region, the writing of the 
tone waveform samples returns to the beginning of the 
predetermined storage region and also that a writing 
location, in the storage region, indicated by the write 
instruction signal does not get ahead ofa reading 
location, in the storage region, indicated by the read 
instruction signal. 

30. A method of generating a tone waveform based on 
performance information, using a processor executing a 
tone waveform forming program stored in a storage, said 
method comprising the steps of' 

receiving automatic performance information; 
receiving real-timeperformance information generated in 

response to a real-time performance operation; 
generating tone waveform samples using said processor, 

said step ofgenerating including a step ofcollectively 
generating a plurality of tone waveform samples in 
advance of predetermined reproduction timing on the 
basis of the received automatic performance informa 
tion and a step ofcollectively generating a plurality of 
tone waveform samples in advance of predetermined 
reproduction timing on the basis of the received real 
time performance information, said step ofgenerating 
being capable of generating the tone waveform samples 
based on the automatic performance information and 
the tone waveform samples based on the real-time per 
formance information in aparallelfashion; and 

outputting the tone waveform samples generated by said 
step of generating. 

31. A method as recited in claim 30 wherein said step of 
outputting further includes a step of mixing the tone wave 
form samples based on the automatic performance informa 
tion and the tone waveform samples based on the real-time 
performance information to thereby provide mixtures of the 
samples, each of the mixtures being composed of the tone 
waveform samples to be reproduced at a same reproduction 
timing, and a step of writing the mixtures into an output 
bufer. 

32. A method as recited in claim 30 wherein said step of 
generating further comprises the step of performing arith 
metic operations for generating the tone waveform samples 
based on the automatic performance information and the 
tone waveform samples based on the real-time performance 
information, independently ofeach other, in such a manner 
that an advance of the arithmetic operations for the tone 
waveform samples based on the automatic performance 
information and an advance ofthe arithmetic operationsfor 
the tone waveform samples based on the real-time perfor 
mance information di?erfrom each other 

33. A method as recited in claim 32 wherein said step of 
generating further comprises the step of advancing arith 
metic operations for the tone waveform samples based on 
the automatic performance information within an extent of 
an availableprocessing capability taking into account a cur 
rent processing capability of said processor 

34. A method ofgenerating a tone waveform using apro 
cessor capable of executing a plurality of diferent programs 
on a time divisional basis, said method comprising the steps 

of‘ 
supplying said processor with application software 

including at least an image control program for con 
trolling image display, a music control program for 
controlling tone generation, and a general control 
program, said music control program including tone 
color data; 
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causing said processor to execute, under control by the 
general control program, the image control program 
and the music controlprogram in aparallelfashion, to 
output image data generated as a result of execution of 
the image control program and tone waveform data 
generated as a result of execution of the music control 
program; 

detecting an available time portion in which saidproces 
sor is not currently usedfor any other process than a 
tone waveform generating process, as an available pro 
cessing capability for the tone waveform generating 
process, wherein the tone waveform generating process 
is controlled by the music control program to generate 
the tone waveform data; 

causing said processor to execute the tone waveform gen 
erating process based on the music control program, 
using the available processing capability detected by 
said step of detecting; and 

outputting the tone waveform generated by the waveform 
generating process. 

35. A method as recited in claim 34 wherein the supplying 
step further comprises the step of including in the music 
control program, within the tone color data, waveform data 
pertaining to at least one given tone color. 

36. A method as recited in claim 34 wherein the supplying 
step further comprises the step of including within the music 
control program a tone waveform generating program for 
generating tone waveform samples on the basis of perfor 
mance information. 

37. A method as recited in claim 34 wherein the supplying 
step further comprises the step of including, with the appli 
cation software, software directed to at least one of a 
karaoke and a game. 

38. A method as recited in claim 34 wherein the supplying 
step further comprises the step of supplying the application 
software to said processor via a communication network 

39. A method as recited in claim 34 wherein the supplying 
step further comprises the step of supplying the application 
software to said processor by setting, in said processor, a 
transportable medium storing the application software. 

40. A machine-readable mediumfor use in an apparatus 
having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform, said 
method comprising the steps of' 

collectively generating a plurality of tone waveform 
samples in advance of predetermined reproduction tim 
ing; 

writing, into a storage, the plurality of tone waveform 
samples produced by said generating step, said storage 
being capable ofwriting and reading, independently of 
each other, in aparallelfashion; 

reading out the stored tone waveform samples from said 
storage at said reproduction timing; 

controlling writing and reading into andfrom said storage 
by said steps ofwriting and reading independently of 
each other and also in such a manner that an advance 

ofthe writing does not outpace an advance ofthe read 
ing; and 

outputting the tone waveform samples read by said step of 
the reading. 

4]. The medium as recited in claim 40 wherein said steps 
of writing and reading into andfrom said storage further 
comprise the steps of being performed, independently of 
each other, in accordance with separate write instruction 
and readout instruction signals, respectively, and 
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wherein said step of controll ing further comprises the step 

of controlling the write instruction signal so that the 
tone waveform samples are sequentially written into 
said storage from a beginning of a predetermined stor 
age region ofsaid storage and, upon arrival at an end 
of the predetermined storage region, the writing of the 
tone waveform samples returns to the beginning of the 
predetermined storage region and also that a writing 
location, in the storage region, indicated by the write 
instruction signal does not get ahead of a reading 
location, in the storage region, indicated by the read 
instruction signal. 

42. A machine-readable medium for use in an apparatus 
having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform by execut 
ing a waveform value calculating process, in parallel with 
another process, for calculating a tone waveform value for 
each sampling timing on the basis of performance 
information, said method comprising the steps of' 

detecting a remaining available portion ofprocessing 
capability of said processor that is not currently used 
by the other process; 

executing the waveform value calculating process based 
on the performance information using the detected 
remaining availableportion ofprocessing capability so 
as to generate a given quantity of tone waveform 
values, wherein said given quantity corresponds to the 
detected remaining available portion, and storing the 
generated tone waveform values in a storage section; 

determining whether the waveform value calculating pro 
cess in said step of executing is being executed in 
advance of given read timing; 

when said step of determining determines that the wave 
form value calculating process is not being executed in 
advance of the given read timing, calculating a given 
quantity of tone waveform values on the basis of the 
performance information and storing the calculated 
tone waveform values in the storage section; and 

generating a tone waveform by reading out, from the stor 
age section, the tone waveform values at the read tim 
ing arriving at given time intervals. 

43. A machine-readable medium for use in an apparatus 
having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform by execut 
ing a waveform value calculating process, in parallel with 
another process, for calculating a tone waveform value for 
each sampling timing on the basis ofreceivedperformance 
information, said method comprising the steps of' 

calculating a given quantity of tone waveform values in 
advance of given read timing, by executing the wave 
form value calculating process based on the perfor 
mance information; 

storing the tone waveform values calculated by said cal 
culation step in storage locations of a storage section 
indicated by writing location data and renewing the 
writing location data; 

generating a tone waveform by reading out, from storage 
locations of the storage section indicated by reading 
location data, the tone waveform values at the read 
timing arriving at given time intervals and then renew 
ing the reading location data; and 

controlling, in response to a di?erence between said writ 
ing location data and reading location data, calcula 
tion progression ofsaid step ofcalculating. 
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44. A medium as recited in claim 43 whichfurther com 
prises a step ofdetecting a remaining available portion of 
processing capability ofsaid processor that is not currently 
used by the other process, and wherein said step of calculat 
ing calculates a quantity of tone waveform values corre 
sponding to the remaining availableportion detected by said 
step of detecting, by executing the waveform value calculat 
ingprocess based on theperformance information using the 
detected remaining available portion. 

45. A medium as recited in claim 44 wherein said storing 
step further comprises the step of providing a ring bu?‘er for 
said storage section. 

46. A medium as recited in claim 43 wherein said storing 
step further comprises the step of providing a ring bu?‘er for 
said storage section. 

47. A machine-readable mediumfor use in an apparatus 
having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform by execut 
ing a waveform value calculating process, in parallel with 
another process, for calculating a tone waveform value for 
each sampling timing on the basis of received performance 
information, said method comprising the steps of' 

detecting a remaining available portion ofprocessing 
capability of said processor that is not currently used 
by the other process; 

calculating a given quality of tone waveform values in 
advance of given read timing, by executing the wave 
form value calculating process based on the perfor 
mance information; 

storing the tone waveform values calculated by said step 
ofcalculating in storage locations ofa storage section 
indicated by writing location data and reviewing the 
writing location data; 

generating a tone 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 read 
ing location data; 

further calculating a given quantity of tone waveform 
values, on the basis of a relationship between said 
reading location data and said writing location data, 
by executing the waveform value calculating process 
based on the performance information; and 

further storing the tone waveform values calculated by 
said step of further calculating in storage locations of 
the storage section corresponding to the writing loca 
tion data and renewing the writing location data. 

48. A method as recited in claim 47 wherein said storing 
step further comprises the step of providing a ring bu?‘er for 
said storage section. 

49. A tone waveform generating apparatus comprising: 
a processor; 

storage coupled to said processor and adapted to store 
tone waveform values; 

a program memory storing instructions executable by said 
processor for causing said apparatus to generate tone 
waveforms by executing a waveform value calculating 
process, in parallel with another process, for calculat 
ing a tone waveform valuefor each sampling timing on 
the basis ofperformance information, said program 
memory comprising the steps of' 
detecting a remaining available portion ofprocessing 

capability ofsaidprocessor that is not currently used 
by the other process; 

executing the waveform value calculating process 
based on the performance information using the 
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detected remaining available portion ofprocessing 
capability so as to generate a given quantity oftone 
waveform values, wherein said given quantity corre 
sponds to the detected remaining available portion, 
and storing the generated tone waveform values in 
said storage; 

determining whether the waveform value calculating 
process in said step of executing is being executed in 
advance ofgiven read timing, 

when said step of determining determines that the 
waveform value calculating process is not being 
executed in advance of the given read timing, calcu 
lating a given quantity oftone waveform values on 
the basis oftheperformance information and storing 
the calculated tone waveform values in said storage; 
and 

generating a tone waveform by reading out, from said 
storage, the tone waveform values at the read timing 
arriving at given time intervals. 

50. A tone waveform generating apparatus comprising: 

storage coupled to said processor and adapted to store a 
plurality of tone waveform samples; and 

a program memory storing instructions executable by said 
processor for causing said apparatus to generate tone 
waveforms by executing a waveform value calculating 
process, in parallel with another process, for calculat 
ing a tone waveform valuefor each sampling timing on 
the basis of received performance information, said 
program memory comprising the steps of' 
calculating a given quantity oftone waveform values in 

advance of given read timing, by executing a wave 
form value calculating process based on perfor 
mance information; 

storing the tone waveform values calculated by said 
calculation step in storage locations of said storage 
indicated by writing location data and renewing the 
writing location data; 

generating a tone waveform by reading out, from stor 
age locations of said storage indicated by reading 
locations data, the tone waveform values at the read 
timing arriving at given time intervals and then 
renewing the reading location data; and 

controlling, in response to a di/ference between said 
writing location data and reading location data, cal 
culation progression ofsaid step ofcalculating. 

5]. An apparatus as recited in claim 50 wherein saidpro 
gram memory further comprises the step of detecting a 
remaining available portion ofprocessing capability ofsaid 
processor that is not currently used by the other process, and 
wherein said step ofcalculating calculates a quantity oftone 
waveform values corresponding to the remaining available 
portion detected by said step of detecting, by executing the 
waveform value calculating process based on the perfor 
mance information using the detected remaining available 
portion. 

52. An apparatus as recited in claim 5] wherein said stor 
age further comprises a ring bu?‘er. 

53. A method as recited in claim 50 wherein said storage 
further comprises a ring bu?‘er 

54. A tone waveform generating apparatus comprising: 
a processor; 

storage coupled to said processor and adapted to store 
data; 

a program memory storing instructions executable by said 
processor for causing said apparatus to generate tone 
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waveforms by executing a waveform value calculating 
process, in parallel with another process, to calculate a 
tone waveform valuefor each sampling timing on the 
basis of received performance information, said pro 
gram memory comprising the steps of' 
detecting a remaining available portion ofprocessing 

capability ofsaidprocessor that is not currently used 
by the other process; 

calculating a given quantity oftone waveform values in 
advance ofgiven read timing, by executing the wave 
form value calculating process based on the perfor 
mance information; 

storing the tone waveform values calculated by said 
step ofcalculating in storage locations ofsaid stor 
age indicated by writing location data and renewing 
the writing location data; 

generating a tone waveform by reading out, from stor 
age locations of said storage indicated by reading 
location data, the tone waveform values at read tim 
ing arriving at given time intervals and renewing the 
reading location data; 

further calculating a given quantity of tone waveform 
values, on the basis of a relationship between said 
reading location data and said writing location data, 
by executing the waveform value calculating process 
based on the performance information; and 

further storing the tone waveform values calculated by 
said step offurther calculating in storage locations 
ofsaid storage corresponding to the writing location 
data and renewing the writing location data. 

55. An apparatus as recited in claim 54 wherein said stor 

age further comprises a ring bufer. 
56. A machine-readable mediumfor use in an apparatus 

having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform based on 
performance information, said method comprising the steps 
of‘ 

receiving automatic performance information; 
receiving real-time performance information generated in 

response to a real-time performance operation; 
generating tone waveform samples using said processor, 

said step ofgenerating including a step ofcollectively 
generating a plurality of toe waveform samples in 
advance of predetermined reproduction timing on the 
basis ofthe received automatic performance informa 
tion and a step ofcollectively generating a plurality of 
tone waveform samples in advance of predetermined 
reproduction timing on the basis of the received real 
time performance information, said step ofgenerating 
being capable of generating the tone waveform samples 
based on the automatic performance information and 
the tone waveform samples based on the real-time per 
formance information in aparallelfashion; and 

outputting the tone waveform samples generated by said 
step of generating. 

57. A medium as recited in claim 56 wherein said step of 
outputting further includes a step of mixing the tone wave 
form samples based on the automatic performance informa 
tion and the tone waveform samples based on the real-time 
performance information to thereby provide mixtures of the 
samples, each of the mixtures being composed of the tone 
waveform samples to be reproduced at a same reproduction 
timing, and a step of writing the mixtures into an output 
bu?‘er 

58. A medium as recited in claim 56 wherein said step of 
generating further comprises the step of performing arith 
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metic operations for generating the tone waveform samples 
based on the performance information and the tone wave 
form samples based on the real-time performance 
information, independently ofeach other, in such a manner 
that an advance of the arithmetic operations for the tone 
waveform samples based on the performance information 
and an advance of the arithmetic operations for the tone 
waveform samples based on the real-time performance 
information di?erfrom each other 

59. A medium as recited in claim 58 wherein said step of 
generating further comprises the step of advancing arith 
metic operations for the tone waveform samples based on 
the performance information within an extent of an avail 
able processing capability taking into account a current pro 
cessing capability ofsaidprocessor 

60. A machine-readable medium for use in an apparatus 
having a processor, said medium including instructions 
executable by said processor for causing said apparatus to 
perform a method of generating a tone waveform by execut 
ing a plurality ofdi/ferent programs on the time divisional 
basis, said method comprising the step of' 

supplying said processor with application software 
including at least an image control program for con 
trolling image display, a music control program for 
controlling tone generation, and a general control 
program, said music control program including tone 
color data; 

causing said processor to execute, under control by the 
general control program, the image control program 
and the music control program in a parallel fashion, to 
output image data generated as a result of execution of 
the image control program and tone waveform data 
generated as a result of execution of the music control 
program; 

detecting an available time portion in which saidproces 
sor is not currently used for any other process than a 
tone waveform generating process, as an available pro 
cessing capability for the tone waveform generating 
process; and 

causing said processor to execute the tone waveform gen 
erating process based on the music control program, 
using the available processing capability detected by 
said step of detecting. 

6]. A medium as recited in claim 60 wherein the supplying 
step further comprises the step of including in the music 
control program, within the tone color data, waveform data 
pertaining to at least one given tone color. 

62. A medium as recited in claim 60 wherein the supplying 
step further comprises the step of including within the music 
control program a tone waveform generating program for 
generating tone waveform samples on the basis of perfor 
mance information. 

63. A medium as recited in claim 60 wherein the supplying 
step further comprises the step of including, with the appli 
cation software, software directed to at least one of a 
karaoke and a game. 

64. A medium as recited in claim 60 wherein the supplying 
step further comprises the step of supplying the application 
software to said processor via a communication network. 

65. A medium as recited in claim 60 wherein the supplying 
step further comprises the step of supplying the application 
software to said processor by setting, in said processor, a 
transportable medium storing the application software. 

66. A tone waveform generating apparatus comprising: 
storage adapted to receive automatic performance infor 

mation and to receive real-time performance informa 




