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\um OF BECEIPT .o
. COMPUTERIZED MUSIC SYSTEM HAVING SOFTWARE

AND HARDWARE SOUND SOURCES

BACK D OF THE INVENTION .

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

Conventionally, in an apparatus such as a personal
computer, musical sound can be'reproduced by means of a
specialized hardware module such as a sound source LSI and
a sound source board, and by executing programs to control
the installed sound source device.  Recently, performance of
CPU in the personal computer is remarkably improved 50
that the musical sound can be generated by the CPU in place
‘of the specialized hardware module. This sort of the musical
sound generation is called “software sound source” in contrast
to “hardware sound source” which generates musical sound
by the specific hardware. The CPU éomputes waveform data
of musical sound 'a.ccérding to a specific program. The quality

of the sound generated by the software sound source depends
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upon the performance of the CPU executing the program. If
the CPU has high performance, the waveform data can be
computed at high speed so that a sampling frequency of the
waveform data can be raised high to realize high quality
musical sound generation. However, if the CPU performanée
is poor, it is difficult to compute the data at high speed so
that the sampling frequency must be lowered. This inevitably
results in poor quality of the reproduced musical sound.
From system to system, there is a wide variety in the
configuration of the application systems such as the personal
computer, with respect to installation of optional devices.
Generally, the optioﬁal device includes a hard disk, a video
card etc., in broader meaning. However, in the present
invention, the optional device means an externally
connectable device involvé_d in the nﬁusica.l sound generation.
It should be noted that the processing ability of the CPU
may be different in various system .conﬁgura,tions. Further, in
a situation where an application program to generate sound
‘and another application program to execute other jobs are
simultaneously invoked in parallel, a load of the CPU may
vary dependently on the running status of the programs and
on the status of tasks currently executed in the system. In
this fashion, the effective processing power of the CPU may

vary in the same system. Thus, a user must rearrange basic
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setup for the sound generation whenever an environment of
the system is cha.nged,- and that is very laborious. In such
systems, the user cannot recognize whether the sound is not
generated correétly in a current configuration setup, until any
miss and skip of tone occurs at the actual reproduction of the
sound. In other Wordé, it is impossible to evaluate whether
the system configuration is reasonable until the sound is
actually reproduced. Further, no matter how the CPU |
performance is high, an external spund generation hardware
may be utilized in many cases according to the user’s desire
in practical use of the hardware resource. In such cases, full
use of the hardware sound source may cause a problem that
it is impossible to generate a sound surpassing the limitation
of the facility of the sound generation hardware. A variety of
tones cannot be reproduced. A number of timbre kinds -
cannot be increased even if there is a sufficient processing

power in the CPU.

N ION

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

According to the invention, a musical sound generating



apparatus creates a waveform to generate a musical sound
according to performance information. The apparatus
comprises first waveform generator means operable for
creating a waveform, second waveform generator means
operable independently from the first waveform generator
means for creating a waveform, input means for providing
performance information, designating means for designating
at least one of the first waveform gengratbr means and the
second waveform generator means in correspondence with the
provided performance information, controller means for
selectively operating the designated one of the first waveform
generator means and the second waveform generator means
to create the waveform according to the provided
performance information, and output means for generating
the musical sound based on the created waveform.
Specifically, the input means comprises means for
providing performance information which contains timbre
information effective to specify a timbre of the musical sound
and timing information effective to specify a timing of
generation of the musical sound. Further, the designating
means comprises means for designating one of the first
Wé.veform generator means and the sebond' waveform
generator means in correspondence with the timbre

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

"The designating means may include means operable if
desired for coincidently designating both of the first waveform
generator means and the second waveform generator means so
that the controller means operates both of the first waveform
generator means and the second waveform generator means
to concurrently crea,té waveforms in parallel manner.

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

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

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

generation of the concurrent musical sounds.
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The first waveform generator means may comprise an
external waveform generator optionally connectable to the
controller means ﬁﬁle the second Wé,veform generator means
may comprise an internal waveform generator integrated with
the controller means so that the designating means designates
the internal waveform generator in place of the external
waveform generator when the same is not connected to the
controller means even though the external waveform
generator should primarily correspond to the provided
performance information. |

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

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

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

based on different algorithms to arithmetically create digital
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waveforms having different qualities. Further, the controller
means may comprise means for selectively operating an
optimal one of the digital waveform generafors according to
the provided performance information. |

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

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

same to successively compute sample values of an actual
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digital waveform at the determined sampling frequency
according to the provided performa.nce information.

The determining means may comprise means for fixing
the sample frequency to one of stepwise predetermined levels,
which is lower than and closest to the measured operation
speed. |

The controller means may furthef comprise changing
means operative when the determined sampling frequency
falls below a critical level which is deﬁned 'to ensure a
minimal quality of the digital waveform for changing the
algorithm to raise the operation speed of the computerized
waveform generator so that the sampling frequency can be
redetermined to exceed the critical level.

The changing means may comprise means for'cha,nging
the algorithm from a complicated one to a simplified one such
that the .compﬁterized waveform generator opei'ates based on
the simplified one of the algorithm to successively read out
prestored ones of sample values to reproductively create the
digital waveform.

According to another aspect of the iﬁvention, a sound
generating apparatus creates a digital waveform to generate a
musical sound according to performance infdrma,tion. The
apparatus comprises input means for providing performance

information, computerized waveform generator means
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operable based on a given algorithm at a variable operation
speed to create a digital waveform by successively computing
sample values of the digital waveform, trial means for
pi'ovisionally operating the computerized waveform generator
to carry out trial creation of a model digital waveform while
measuring the operation speed at which the trial creation is
carried out, determining means for optimally determining a
sampling frequency comparable to the measured operation
speed, controller means for actually operating the
computerized waveform generator to enable the same to
successively compute sample values of an actual digital

~ waveform at the 'determined sampling frequency, and output
means for generating the musical sound based on the actual
digital waveform according to the provided performance
information.

In the inventive apparatus, the input means provides the
performance information, and the designating means specifies
which of the waveform generator means should generate a
waveform of the musical sound relevant to the performance
information. The waveform generator means specified by the
designating means is controlled to generate the waveform of
the musical sound relevant to the performance information.
Thus, the performance information itself can specify which of

the first and second waveform generator means should
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generate the waveform of the musical sound characterized by
the performance information. The first and second waveform
generator means are different from each other in their
structure so that their processing load and characteristics of
the generated sound may différ in the waveform generation
between the first and second waveform generator means.
Therefore, it is possible to generate various musical sounds by
selecting the first waveform generator means for generation of
the waveform of the musical sound relevant to a certain event
of the performance information, and by selecting the second
waveform generator means for generation of the waveform of
the musical sound relevant to another certain event of the
performance information. Further, it is possible to adjust the
processing load by controlling the allocation of the waveform
generator means to the performance information.

" It is preferable to determine which of the waveform
generator means to generate the waveform of the musical
sound according to a timbre of the musical sound to be
‘generated, because a certain type of the waveform generator
means deserves an .optima.l creation of a certain timbre. The
preferred waveform generator means to generate the |
waveform of the musical s‘bund relevant to the performance
information is determined according to the timbre specified |

by the performance information in the invention. The timbre
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information may be included in the performance information
in the invention. As described above, due to the difference
between the first and second waveform geﬁeratof means, the
characteristics of the musical sound may differ even if the
same performance information is prpvided. In other words,
various waveforms of the musical sound cé,n be reproduced.
With generating the waveforms of the musical sound
simultaneously by both of the first and second waveform
~ generator means accdrdjng to the same performance
information, variations of the musica,llsound can be realized
for a common timbre by using the different waveform
generator means.

Due to conditions of the musical sc.)und generating, there
may be a situation where a waveform of the musical sound
. should be generated by a substitute waveform generator
means, even if a ptima.fy waveform generator means should
deserve to generate the waveform according to the
performance information. For example, this substitution méy
‘take place when the sound generating capacity of the primary
waveform generator means almost reachesjﬂ;s maximum
ability. In the invention, in addition to the performance
information, the number of the generated .:vs___?aveforms of the
musical sound is taken into account for deﬁé_rmining which of

the waveform generator means should generate the musical
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sound in order to prevent overflow of the waveform
computation.

By the way, the first and secbnd waveform generator
means are the same in their waveform generating function, so
that the user may not use both, but may use only one. For

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

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

In the invention, the first and second waveform generator

means can respectively compute sample values of the
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waveform of the musical sound. The trial means measures a
time required for the second waveform génerator means to
generate the waveform of the musical sound. The sampling
frequency is determined according to the time measured by
-the trial means. Thus, the musical sound can be generated at
the optimum sampling fréquéncy for the system
conﬁgura,tion; Generally, if the sampling frequency is varied
continuously, an arrangement to handle the frequency
determination tends to become complicated. However, in a
specific form of the invention, the sampling frequency
determined by the determining means is selected from
stepwise predetermined levels.

If the sampling frequency determined by the determining
means is lower than the critical level, the computation
process of the waveform is changed since the quality of the
generated sound is not retained by the original waveform
generation at the determined sampling frequency. In this
case, it is preferable to change the computation process such
as to simply read out sample values of the waveform of the

musical sound in order to raise the sampling frequency.

_BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic block diagram illustrating a first

embodiment of the inventive musical sound generator.
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Figure 2 is a schematic block diagram illustrating a
variation of the embodiment shown in Figure 1.

Figure 3 is a schematic block diagram illustrating
another variation of the embodiment shown in Figure 1.

Figure 4A is a schematic block diag'ram illustrating an
arrangement in which a sound source device and its
peripheral devices are integrated with each other.

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

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

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

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

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

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

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

Figure 11 is a flowchart illustrating the waveform

synthesizing program executed in the first embodiment.



15

Figure 12 is a ﬂowcha;t illustrating the waveform sample
value loading process executed in the waveform synthesizing
program. _

Figure 13 is a flowchart illustrating the waveform sample
value computation process executed in the waveform
synthesizing program.

Figure 14 is a flowchart illustrating the waveform sample
value computation executed by CPU in the waveform
synthesizing program.

Figure 15 is a flowchart illustrating the synthesizing
process by a selected hardware in the waveform synthesizing
program. -

Figure 16 is a flowchart illustrating the synthesizing
process by the selected hardware in the waveform
synthesizing program.

Figure 17 is a flowchart illustrating a timer process in
the waveform synthesizing program.

Figure 18 is a flowchart illustrating a synthesizing
‘process by a selected hardware in a second embodiment.

Figure 19 is a flowchart illustrating a synthesizing
process by a selected hardware in a third emibodiment.

Figure 20 is a flowchart illustrating a synthesizing
process by a selected hardware in a fourth embodiment.

Figure 21 is a schematic block diagram illustrating a
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variation to which the present invention is applied.

Figure 22 is a schematic block diagram illustrating
another variation to which the' present invention is applied.

. Figure 23 is a schematic block dia.gra.m_illuétrating a

further variation to which the present invention is applied.

Figure 24 is a schematic block diagram illustrating a still
further variation to which the present invention is applied.

Figure 25 is a schematic block diagram showing an
additional embodiment of the inventive musical sound

generating apparatus.

DETAILED DESCRIPTION OF THE INVENTIQN

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

a keyboard (not shown), and other miscellaneous information
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via various interfaces I/F (not shown). The multi type I/ O
port 14 receives performance informa.tioﬁ in the form of the
MIDI information or the key information KBD. In the
present embodiment, it is assumed that the performance
information may be generated by an automatic performance
program. In this case, the automatic performance program
means that the performance information is genera,ted in time
series by a certain automatic sequence program. Therefore,
the arrangement shown in Figure 1 works not only as a
musical sound generator but also a sequencer. The type of
I/F may be a serial or parallel port, RS-232C, RS-422 and so
on. Especially in case of RS-232C, the cdmputer system
communicates with a host station through a public telephone
network by a modem (not shown). Thus, the input source of
the performance information may be the keyboa.rd in case
that the keyboard operation information is provided, or an
external device connected through the I/F in case that the
MIDI information. is provided, or a sequence program
‘exécuted By the CPU in case that the automatic performance
information is provided. Numeral 15 denotes a storage unit,
which is comprised of FD (Floppy Disk) or HD (Hard Disk).
The storage unit 15 further stores apphca.tlon programs and
data. Numeral 16 denotes a display which i is composed of
CRT or LCD (Liquid Crystal Display). The display 16



18

presents various data under the control of the CPU 10.
Numeral 17 denotes an optional co-processor which executes
floating point computation instead of the CPU 10. The rest
of data processing is carried out by the CPU 10. Numeral 18
denotes a timer which counts time in timer processing
described later. Numeral 19 denotes a DMAC (Direct
Memory Access Controller) which tlfa_.nsférs data to and from
RAM 20 directly without the control by CPU. Nowadays, the'
co-processor 17, timer 18 and DMAC 19 may be
accommodated in a single chip together with CPU 10, though
these are discrete devices in the present em‘bodiment.
Numeral 20 denotes a RAM which has a structure similar to
the first-mentioned RAM 13 with respect to its hardware
construction. Howéver, the RAM 13 is used as a work area
for the program execution by the CPU, while the other RAM
20 is a waveform memory which temporarily stores a
waveform represented by wave data. Numeral 21 denotes a
DSP (Digital Signal Processor) for use in digital signal
processing required for musical sound synthesis. Numeral 22
denotes an optional sound source which constitutes a first
waveform generator of one chip LSI for generating a waveform
of the musical sound according to performance information.

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

flag DACENBL is set to “1”. Before the D/A converter 23,
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an FIFO data buffer (not shown) is hormally provided. The
wave data stored in the FIFO is read out at a sampling
frequency fs. After the D/A converter 23, an LPF (Low .Pass
Filter) is normally provided (not shown). A éutbff frequency
of the LPF is set to about half of the sampling frequency fs.
The LPF is an output device of the musical sound generator.
The musical sound is reproduced through an amplifier and a
| speaker. Numeral 24 denotes a RAM which is structured
similarly to the RAM 13 or 20 with respect to its hardware
construction. The RAM 24 is utilized as a work memory for
the arithmetic operation of the DSP 21. Numeral 25 denotes
a waveform memory which stores wave data of basic or
typical timbres in case that the sound source 22 generates a .
musical sound according to a waveform memory readout
method. The role of the waveform Iﬁemory 25 and the RAM
20 is slightly different in a manner that the waveform
memory 25 is used mainly by the sound source 22 and is
provided in the form of ROM or a daughter board, while the
‘RAM 20 is utilized by the CPU 10 as a waveform Iﬁemory.
Generally in the arrangement above, some devices such
as co-processor 17, DSP 21, sound source 22, RAM 24, and
waveform memory 25 are often optionally installed according

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

of the RAM 13 is allocated for the DSP 21. The waveform
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memory 25 may not be installed if the soﬁnd source 22 is an
FM synthesizing device which generates a musical sound by
pure computation of wave data. The CPU 10 recognizes
whether these optional devicés are installed or not. In the
present embodiment, the CPU 10.recognizes the existence of

the optional devices according to one of methods listed below:

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

device.

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

at the time of installing the corresponding device.

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

recognizes the devices through these files.

All thes_e optional devices are fully installed and

connected to the data bus 12 in the present embodiment.
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However, the connection port is not limited fo the data bus
12. The opﬁona.l devices may be connected via seria.l/ parallel
interfaces, through which each device carries out data
transaction mutually with the CPU 10. In other words, any
kind of interface is possibly provided for the optional devices,
provided that the device can communicate with the CPU
through the interface. For example, the sound source 22 may
actually be provided as a sound source board 41 or an
extension board as shown in Figure 2. In this case, the board
41 is inserted into a slot on a main board or mother board.
The sound source board 41 communicates with the CPU 10
through the bus 12, I/F controller 26, and extension interface
27. The waveform memory 25 may be installed through a
socket provided on the sound source board 41 in this
arrangement. Additionally, the extension iﬁterface 27 may _be
provided with an additional D /A converter 28. Otherwise,
the sound source 22 may be.prdvided in the form of a discrete
LSI chip, or mounted on the daughter board. T};1e chip or
daughter board is installed through a socket provided on the
mother board or extension board in this arrangement.
Similarly, the DSP 21 may be provid_ed'in the form of a DSP
board 42. In this case, the DSP 21 communicates with the
CPU 10 via the extension interface 27. Otherwise, the DSP

21 may be provided in the form of a discrete LSI chip likewise
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the sound source 22. The input data is transferred to the
D/A converter 23 through the bus 12 in Figure 1. However,

the data can be distributed directly or through the extension
interface, if the DSP 21 or sound source 22 is installed
through the socket or the extension interface.

As showﬁ in Figure 3, a first waveform generator or
sound source system 32 comprised of the sound source 22 or
the DSP 21 can be connected to a local bus 33, through
which the data is transfe;red to and from a CPU system 30
Without using the data bus 12. The CPU system 30 is
composed of a sf;a.nda,rd anangerﬁent including the CPU 10,
ROM 11 and RAM 13, while peripheral devices 31 include
multi type I/O port 14, storage unit 15, and miscellaneous
interfaces and opera-torsf The sound source system 32 is
specifically composed of the discrete sound source 22 or DSP
21 in the embodiment. However, in general, any functional
elements for the musical sound generation are involved in the
sound source system 32. The sound source system 32 may be
integrated with or separated from the CPU system 30.
Further, the connection interface can be provided at either of
the CPU side and the sound source device .side. Namely, any
connection interface may be employed according to the
inventive system setup. Additionally to the local bus, any

sort of interface/protocol combination such as MIDI,
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RS-232C/ 422, IEEE P-1394, or SCSI mé.y be employed. Also,
communication network such as public telephone network
may be used as the data communication media.
In an arrangement shown in Figure 4A, the sound source
device 22 may be integrated into a single chip, or into a
- printed bircuit board module together with the waveform

memory 25 and the D/A converter 23. Similarly, as shown in

Figure 4B, the DSP 21, RAM 24, and D/A converter 23 may '

be integrated altogether into a single chip.

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

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

second waveform generator is designated in correspondence
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with the provided performance information: The apparatus
selectively operates the designated one of the first waveform
generator and the second waveform generator to create the
waveform according to the provided performance infdr.ma,tion.
The DAC 23 generates the musical sound based on the
created waveform. The first waveform generator comprises an
external waveform generator .optionally connectable to the
apparatus while the second waveform generator comprises an _
internal waveform generator integrated with the CPU 10.
Occasionally, the internal waveform generator is designated in
place of the external waveform generator when the same is
not connected to the apparatus even though the external
waveform generator should primarily correspond to the
provided performance information. The second waveform
generator is integrated with the CPU 10 to constitute a main
part composed of a computer, while the first waveform
generator alone constitutes a supplementary part which is
separate from the main part and which is optionally
- installable in the computer. The first Waveforrh generator is
composed of a hardware module driven by the CPU 10, while
the second waveform generator is composed ‘of a software
module installable in the computer.

‘Various operating modes in the present embodiment will

be described hereunder. The operating modes of the inventive
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musical sound generator can be categorized, as shown in
Figure 5, into two major groups, one of which relates to
designation of a synthesizing method, and the other of which
relates to allocation of a timbre to the different waveform
generators. The two major groups are divided into more
specific modes. First of all, the modes to specify the
synthesizing method will be described hereunder.

In the present embodiment, the sound generation is
carried out by synthesizing a waveform or wave data of a
musical sound according to the performance information, and
by converting it into an analog signal. The wave data can be
generated in various methods. The used method is
determined according to the operating mode in which the
synthesizing method is specified. In the present embodiment,
CPU synthesizing mode by the second waveform generator
and sound source synthesizing mode by the first waveform
generator are assumed by selection.

In the CPU synthesizing mode, a musical sound is
synthesized only by the CPU 10, or by combination of the
CPU 10 and the co-processor 17. Further, the CPU
synthesizing mode can roughly be divided into the following
four submodes. The.generated waveform is converted into an
analog signal by the D/A converter 23 for acoustic

reproduction. .
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FM mode: This FM mode utilizes a software module of an
FM sound source for synthesizing a sound. The wave
data is generated by real-time FM modulation over a

basic sine wave by means of the CPU 10.

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

" real-time operation by the CPU 10, a fundamental
waveform and its harmonics are calculated to synthesize

the waveform.

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

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

synthesizing mode. However, the RAM should be
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allocated with a wave data area, so thét shortage of a
free area of the RAM 13 or 20 may be caused
occasionally. Thus, the waveform memory readout mode
may not be used preferably under some situations
dependently on total RAM capacity and CPU addressing

volume.

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

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

Specifically, the second waveform generator includes a digital
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waveform generator of the waveform memory readout type
operable based on a relatively simpie algorithm to create a
digital waveform having a relatively low quélity, and other
digital Wa,vef;)rm generators operable based on a relatively
complicated algorithm to create another digital waveform
having a relatively high quality.

On the other hand, in the hardware sound source
synthesizing mode, the musical sound is synthesized using a
specific hardware such as the LSI sound source 22. As a
matter of course, in this mode, the hardware module such as
the LSI sound source 22 must be installed in the system. The
LSI sound source 22 synthesizes the wave data by the FM
mode or the waveform memory readout mode ('likewise the
software sound source). The synthesizing method is
determined by the hardware itself. The CPU 10 does not
cover the control of the native synthesizing process of the
sound source 22. |

In the present embodiment, a multiple of voice channels
are provided. One-chamlel is allocated for one tone in either
of the CPU synthesizing mode and the sound source
synthesizing mode. A plurality of musical sounds are
generated in the multiple of the channels to rea,liz.e concurrent’
sounding of the plural voices. Since the wave data can be

synthesized by both of the CPU 10 and the sound source
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device 22 in the present embodiment, selection of the

. waveform generators to be utilized is an important issue. In
the present embodiment, optimum one of the waveform
generators is designated according to the voice allocation
upon accepting a note-on corhma.nd. The allocation mode

includes the followings:

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

by the hardware sound source.

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

capacity of the sound source device 22 is carried out by
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the CPU software sound source.

Manual mode: In the manual mode, the user manually
specifies either of the software and the hardware sound
sources. Further, a specific synthesizing mode is
designated if the CPU-aided software sound source is
specified.

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

intention.

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

accommodate various application programs other than the



31

waveform synthesizing program. These a.reaé are allocated
one by one for the invoked application programs. Song data
and other miscellaneous data are stored in a data area, while
the wave data is loaded into a wave data area WAVE When
the synthesizing is carried out by the waveform memdry
readout method. Lastly, a designated one of waveform
synthesizing programs is stored in a waveform synthesizing
program area.

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

are set/reset for initialization in step S1. In step S2, system
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administration process of the OS is executé:;l; In steps S3 to
S5, the application program (1), the wave‘fé_rm synthesizing
program, and the application program (n) are respectively,
executed. The waveform synthesizing program is executed to
generate one sample value of the wave data at one cycle of
the program invocation.- The application p'r'ogra.ms (1) to (n)
do not include the waveform synthesizing program. These
application programs may be related to music perforrria,nce,
or to entirely different affairs. After step S5, the procedure
returns to S2.

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

application programs, one sample value of the wave data of
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.the musical sound is a.lwayé generated pér ldop. A series of
the s‘émple values are generated continuously by repeating
the loop to create a desired waveform. Thus, if the generated
wave data is simply converted into an analog signal, the
sampling period is varied, so that jitter may occur in the
reproduced musical sound. The data buffer is provided before
the D/A converter 23 in order to tempora.ﬂ-ly store the
generated wave data of the sound. The data buffer is accessed
for readout of the wave data at a fixed sampling frequency fs.
If the musical sound generation is conducted by a fixed
program in a certain case where the system is not a };Sersonal
computer but a stand-alone electronic musical instrument,
sound source module, or any other systems _having a facility
to generate sound, the execution period of the loop process
can be fixed. In other words, the loop process is executed at a
fixed interval. In such a case, it is very practical to make the
loop interval to coincide with the reciprocal of the sampling
frequency fs so that the data buffer can :b'e___ eliminated.

* The waveform synthesizing program :ef_c_ecuted in step S4
is described hereunder referring to Figures 8 to 11. The
program is executed after loading thereof from the storage
unit. 15 according to a ﬁredetermined opéi_‘@;ion. In step Sal,
the synthesizing mode a.nd the ha.rdwé,fé setup are checked.

In the hdrdWa.re setup check, optional devices are recognized
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by the check method described before. As for the operating
mode, both of the synthesizing mode and the Vc_)ice allocation
mode are checked as well. With respect to f,hé operating
mode setup, if other application progralﬁs are executed before
invoking the waveform synthésizing program, -the voice
allocation mode may be turned to the compuls_bry mode.
Otherwise, the synthesizing mode and the voicé allocation
mode may be set up according to the user choice via a
displayed menu to input desired settings. Furt_h_er; if various
sound source devices are recognized in the hardware check, it
is possible to set either of the CPU select mode or the sound
 source select mode. Thus, in the operating mode setup in
step Sal, the operating mode is set up and recognized before
executing the waveform synthesizing pro'gra,m. :

In step Sa2, waveform loading process is executed. In the
waveform loading process, typical or basié waveforms are
loaded into the area WAVE allocated in the RAM 13 or 20 in
case that the basic waveform is used in the waveform memory
‘readout mode. In step Sa3, it is tested whether a flag
SETFLG is “1” or not. The flag SETFLG is initially set to
“0”, but may be turned to “1” if the sa,mpling frequency fs is
set up in step Sa2l, or if the waveform mémm;y readout mode
is designated in a backup waveform computation mode. The

procedure advances forward to step Sa4 if the flag SETFLG
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is “1”. Otherwise, if the flag SETFLG is “0”, the procedure
jumps to step Sab. In case that the Waveform synthesizing
program is executed in the lbop shown in Fi-gtir.e 7 at the first
time, the flag SETFLG is “0”, and the procedure
unconditionally advances forward to step Sa5. However, the
process of step Sa4 is also described here, for convenience of
description. In step Sad, it is tested whether the sound
synthesizing should be carried out entirely by the CPU
synthesizing mode or not. It is possible to use the result of
the hardware check in step Sal to detect whether any
external sound source device ié recogﬁized or not. If there is
possibility of using any sound source other than CPU for the
waveform synthesizing, step Sa4 branches to “No” direction.
In step Sab5, a flag ENBLFLG is tested if it is “1” or not, in
order to detect a nonoperable state. The nondperable state
means that the sampling frequency fs is neither set up in the
waveform generation procedure, nor the backup waveform
computation mode is enabled. Thefefore, the CPU
synthesizing mode is not yet ready in the nonoperable state.
When the waveform synthesizing program is executed in
the main loop shown in Figure 7 at the first time, the flag
ENBLFLG is “0” so that the procedure advances forward to
step Sall. However, the process under a.n operable state in

case that the flag ENBLFLG is “1” is described here just for
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convenience of description. The operab_lé_ étate, means that all
the preparation for the CPU synthesizing .i_s already
completed. In this state, the procedure advances forward to
step Sab, where processing of performance information is
done. In step Sa7, existence of a CPU Wa&eform generation
command is checked. The CPU Wavefor_'m_ genera,tion
command is generated in response to a key-on event contained
in the keyboard information KBD, MIDI information or
perforrﬁance information fed from the I/F under the CPU
synthesizing mode. If the CPU W_a,veform generation
command is detected in step Sa7, the procedure responsive to
the command is executed in step Sa8. In the procedure of
step Sa8, the wave data is generated by a specific synthesizing
mode selected out of the available CPU synthesiziﬁg modes.
The wave data is then distributed to the D/A converter 23
via the bus 12. Thus, the sound generation is accomplished
according to the .synthesized wave data or waveform.

" In broader definition, the CPU waveform generation
command may include a key-off event commanding note—dff,
though explanation for the procedures relevant to the key-off
event is omitted here. These note-off procedures are very
simple process such as release of the WaYeerm generation and
termination of the waveform gen’era.tioﬁ%j.' If no CPU waveform

generation command is detected in step Sa7, the waveform
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synthesizing computation in step Sa8 is s‘kipped, since there
is no job to be executed. In step Sa9, it ié'tested whether
terminating operation of the waveform synthesizing program
is conducted by the user or not. If thé terﬁﬂnation of the
program is not indicated, the procedure immediately returns
to prepa.ré for a next CPU waveform generation command.
On the other ha,ﬁd, in case tilat the termination command is
inputted, the waveform synthesizing program is terminated
by setting the flag SETFLG to “0” in step SalO.

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

Sab to Sal0 are executed if the waveform synthesizing is
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effected by only the CPU.

On the other hand, when it is detected that the
allocation mode is either of the CPU or sound source select
mode in step Sall, the procedure advances forward to step
Sal3. The processing in steps Sal3 to Sa27 shown in Figures
9 and 10 may be done if the waveform generation program is
invoked at the first time. In this process, the sampling
frequency fs is determined for synthesis only by the CPU. In _
step Sal3, the flag ENBLFLG is éwitched to “0”, a flag
BUSY is set to “1”, and the flag DACENBL is set to “0”
explicitly. the flag BUSY is set to “1” to enable counting up
in timer process described later. Setting of the flag
DACENBL to “0” is done in order to disable the output
operation of the D/A converter 23 to prevent sound
generation during the trial waveform computation described
later. After sfep Sal3, registers SCOUNT and TCOUNT are
reset to “0”. The content of the register SCOUNT indicates
loop cycles of the following trial waveform .computa,tion. The
register TCOUNT inérementa,lly counts ﬁp while the flag
BUSY is switched to “1”. Thus, this reéister indicates a lapse
time required to gexhlerate. one waveform by m cycles of the
-synthesis computation. In step Sal3, one sample value for
one sampling period is generated by the 'e)éecution of a

predetermined wave data generation algorithm. The detail of
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the processing in step Sal5 will be described later. In step
Sal6, the register SCOUNT is incrementé_d by “1” whenever
the sample value computation is executed once. In step Sal7,
it is tested if the register SCOUNT reaches cycle “m”. If it is
detected NO, the procedure returns to step 5ald. Otherwise,
the procedure advances forward to step Sal8 in Figure 10 in
case that the check result is YES. Thus, the steps Sal5 and
Sal6 are repeated until the loop cycle of the sample value
computation reaches to “m”.

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

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

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

sample value calculation process to generate one waveform.
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Thus; the frequency Fs calculated by the equation (1) is
the frequency of the waveform sampling, a.nd the constant
“margin” reflects the processing power._of the hardware setup.

TIn step Sa20, it is detected whether the calculated
frequency Fs is greater than 32 kHz or not. '?'This critical
frequency “32 kHz” is .employed consideri_ng' the minimum
quality of the musical sound to be generatéd. If this detection
result is positive, which means that the processing power of
the CPU is evaluated as sufficient for-ma.inta__.ining the
minirﬁum quality of the sound, the procedure advances
forward to step Sa2l. In step Sa2l1, an adequate sampling
frequency fs smaller than and closest to the calculated
frequency F's is selected out of 32 kHz, 44.1 _'kHz, 48 kHz, and
50 kHz. If the calculated frequency F's is 47 kHz, the
sampling frequency fs is set to 44..1 kHz, which is closest to
- and smaller than 47 kHz. The value smaller than the
calculated frequency F's is selected because t_jhe constant
margin does not make sense if the sampling _f;_requency fs is set
to exceed the processing power of the CPU. ‘After step Sa2l,
the flags DACENBL, ENBLFLG and SETFLAG are all set to
“1” .in step Sa22, and the procedure returns";This flag
operation enables the D /A converter 23 to output the musical
sound. Further, this flag operation indica,tes;tha.t the
sampling frequency fs is set up. Consequentisr, the
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nonoperable state is changed to the operable state.

Under the operable state, upon the néxt_ execution of the
waveform synthesizing program, check of step Sa4 results in
“No” so that the synthesizing is done by the processing shown
in Figure 11 if the waveform synthesizing should be carried
out by the external sound source deviqe. Otherwise, if only
the CPU is used for the waveform synthesizing, check of step
Sad results in “Yes” and check of .step Sab results in “No” so
that the synthesizing is carried out through steps Sa6 to Sa8.

On the other hand, in Figure 10, if the result of the test
about the calculated frequency F's in step Sa20 is turned out
“No”, whiph means that the minimum quality of the sound
cannot be retained, the procedure advances forward to step
Sa23. In the stei) Sa,23,. fhe user is warned that the minimum
quality of the sound is not available, and the backup |
waveform computation mode is called. The backup waveform
computation mode is the waveform memorjr readout mode
which is selected as a secondary choice when the minimum
quality of the sound is not affordable with the primary
| synthesizing mode selected out of the available CPU
synthesizing modes. In step Sa24, it is tested whether the
backup waveform computation mode is deSignated or not. If
YES, the procedure goes forward to step Sa.25, where original

waveforms are prepared by the primary computation mode
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and are stored in the RAM 13 or 20 in advance. Further, the
sound is actually reproduced when the st_ored waveform is
read out at thg sampling frequency 32 kHz, which is
automatically determined. Thus, the waveform synthesizing
is effected virtually with the waveform memory readout
mode, so that the ﬁﬁnimum quality of the reproduced sound
can be retained even if the low performance CPU is equipped
in the system. After that, the process in step Sa22 is
_executed to switch the nonoperable state to the operable |
state, and the procedure returns. On the other hand, if the
backup waveform ca.lcuiating mode is not specified in step
Sa24, the procedure goes forward to step Sa26, in which a
termination command for the sound synthesizing program is
detected. If the termination of the sound synthesizing
program is commanded, the operation ﬁnis}ies, by clearing
the flag SETFLG to “0” in stép Sa27. In case that the
calculated frequency F's is smaller than 32 kHz, and the
backup waveform calcu_la,tion mode is neither specified nor
the program termination is comxha.ndéd, the warning alarm is
continued. Thus, the waveform synthesizing is done with the
computation devices such as the CPU 10. The sampling
frequency fs is optimized with respect to the CPU
performance. Further, if the performance of the CPU is low,

the synthesizing is executed by switching to the waveform
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memory readout mode, which can reduce the CPU load.

For summary, the CPU—a.ided second waveform generator
comprises a computerized waveform generator operable
according to a given algprithm at a variable operation speed
to create a digital waveform by successively computing
sample values of the digital waveform. The computerized
waveform generator is provisionally operated to éa,rry out
trial creation of a model digital waveform while measuring

the operation speed at which the trial creation is carried out.

" The sampling frequency is optimally determined in

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

changed from a complicated one to a simplified one such that
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the computerized waveform generator operéfes based on the
simplified one of the algorithm to"_su_cce'ssiv:'_'eliy read out
‘prestored ones of sample values to :eprodué_i:ively create the
digital waveform. The sample Va_';lu_e"s may be initially
computed by the complicated algorithm. Then, the sample
values are stored in the waveform memory fbr_actual use
under the s_imble algorithm of the Waveformmemory readout
mode. Thus, the inventive sound géﬁeratiﬁéﬁfa;ppa,ratus for
creating a digital waveform to genéra,te a musical sound
according to performance information, compﬁses input means
for providing performance information, computerized
waveform generator means operabie based on a given
algorithm at a variable opération speed to create a digital
waveform by successively computing sample values of the
digital waveform, trial means for provisionally operating the
computerized waveform generator to carry out trial creation
of a model digital waveform while measuring the operation
speed at which the trial creation is carried out, determining
means for optimally determining a sampling frequency
comparable to the measured operation speed, controller
means for actually operating.the computerized waveform
generator to enable the same to suécessively_ ':(_;:_ompute sample
values of an actual digital waveform at the d‘étermined

sampling frequency, and output means for generating the
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mus1ca.1 soundba,sed on the actual digital waveform according
" to thefi)rovide‘df perfortna.nce information.

B By the way, 1f there is detected a possible use of the
da.rdwa.re sound source device for the waveform synthesizing
}'__m'step Sa,4 in Flgure 8, the procedure branches to step Sa28
1u Flgure 11. In step Sa28, the flag DACENBL is switched to
“1” to enable the D/A converter 23 to output the sound. In
:'tep Sa29 any terrmna.tlon command for the sound

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

ound synthes1z1ng program is commanded, the synthesizing
frogram ﬁmshes by clearing the flag SETFLG to “0” in step
.'a,31 through step Sa30. On the other hand, if the
efmnatlon of the sound synthesizing program is not
orhmanded the operating mode is checked whether 1t is the

ound source synthes1z1ng mode or not in step Sa32, 1f the

':'etectlon result ‘of step Sa29 is negative. When the sound
ouroe synthes1zmg mode is detected in step Sa32, existence
_:f the ha.rdware reqmred for the specified mode is detected in
__tep_:Sa.33 ThlS ‘mode is specified upon the recogmtmn with
he:_ he,rdwa,re check in step Sal. If the relevant hardware

8, the synthes1z1ng procedure is executed by the relevant

hardWare in step Sa34. Otherwise, the lack of the relevant

"dware 1s 1ssued in step Sa35, and the synthesizing process

_-_-___J.s__-_contluued usn_;;, the current hardware setup, if the relevant
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hardware does 1ot exist. After steps Sa34 and Sa35, the
procedure returns. The synthesizing processing with the
selected hardware will be described later.

The waveform loading process executed in step Sa2
" (Figure 8) will be described hereunder with reference to
Figure 12. In the waveform loading process, it is detected
whether a MIDI sample dump command is received through
the multi I/O port 14 in step.Sbl. The MIDI sample dump
contains a wave data according to the MIDI standard, and is
used in the waveform memory readout mode. If the MIDI
sample dump is received, the sample receiving procedure is
conducted such that the received data is transferred to the
area WAVE in RAM 13 or 20 in step Sb2. The sample dump
receiving of step Sb2 is repeated until all of the data reception
are completed. The completion is detected in step Sb3. If all
of the data reception are completed, the detection in step Sb3
results in “Yes”, and the p;ocedure returns. On the other
hand, if the check of step Sbl results in “No”, it is checked if
the wave data is transferred via the interface I/F in step Sb4.
If the wave data is received, the received data is transferred
to the area WAVE in the RAM 13 or 20 in steps Sb2 and
Sb3, as in the case of the MIDI sample dump. If both the
steps Sbl and Sb4 result in “No”, an access reading event for

the storage unit 15, namely the request to read out some data. -
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from the sforage unit 15, is detected in step Sb5. If the
request is not issued, the waveform loading is terminated
immediately and the procedure returns, since there is no more
job to do. On the other hand, when the access event occurs,
the data read out from the storage unit 15 is checked in step
Sbé. Further, in step Sb7, it is tested whether the read out
data is the wave data or not. If the read oﬁ-t data is not the
wave data, the Wé,veform loading is terminated immediately
and the procedure returns, since there is no more job to do.
Otherwise, if the wave data 1s read out, the wave data is
transferred to the area WAVE in the RAM 13 or 20. The
data transfer in step Sb8 is repeated until the end of the data
transfer is detected in step Sb9. When the data transfer is
completed, the check of step Sb9 results in “Yes” and the
procedure returns. Thus, in the waveform loa,ding,- the wave
data to be used in the waveform memory readout mode is
received or read out. Then, the wave data is transferred to
the area WAVE in the RAM 13 or 20. The computation
devices such as CPU 10 processj-:he wave data with the
waveform memory readout mode according to a simple
algorithm in order to synthesize the actual Waveforﬁl. In
order to reproduce the wave data ldaded in the RAM 13 or 20
by the sound source 22, the loaded basic wave data might be

transferred again to the waveform memory 25 included in the
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sound source 22. In a conventional musical sound generator
having a specific hardware sound source, the hardware soﬁnd
source must have a temporary waveform m_émot_y to receive
the loaded wave data. The CPU must exeéute t‘he wave data
transfer from the RAM to the waveform memory. However,
in the present embodiment, the basic wave data is loaded to
RAM 13 or 20 under the control 6f the CPU 10. Therefore, it
is not necessary to provide the temporary memofy to hold
the wave data in the hardware. Further, it is not necessary to
executé re-loading process in which the loadéd wave data is
transferred further to the external hardware device. The
costs for the system hardware or software can be reduced,
and the time from the end of the wave data loading to the
reprdduction of the sound can be shortened.

The sample value computing operation executed in step
Sal5 (Figure 9) will be explained hereunder with reference to
- Figure 13. In step Scl of Figure 13, it is tested whether the
co-processor 17 exists. In the present embodiment, the
co-processor 17 is insta.lled-.- However, this (ievice is optional
and may be lacked in some hardware setup. If the CPU 10
accommodates an arithmetic operation unit equivalent to the
co-processor 17, the detection of the co-processor is not |
required. It is possible to regard the system as if the

co-processor is installed. If the co-processor 17 is detected,
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the sa.mﬁle value calculation is done with the CPU 10 as well
as the co-processor 17 in step Sc2. Otherwise, the sample
value calculation is carried out only with the CPU 10 in step
Sc3, if there is no cb—processor 17. After step Sc2 or Sc3, the
procedure returns. The sample value calculation is the same
in steps Sc2 and Sc3, except that the co-processor 17 is used
or not. Thus, the detail of the sample value calculation is
explained with respect to step Sc3 here. |

In step Sd1 of Figure 14, it is tested whether the current
operating mode. is set to the FM mode among the various
CPU synthesizing modes. If the FM mode is set, a set of
sample values corresponding to a number of channels are
calculated at one sampling point according to the FM
synthesizing method in step Sd2. For example, if polyphonic
synthesizing is selected, a set of multiple sample values
required for synthesizing a desired number of voices are
calculated. In this case, the load of the CPU 10 is high, since
various voices having various pitches may be concurrently
created. Even worse, other processing such as graphics
processing may be done in pé.rallel. If the FM mode is not
detected in step Sd1, it is-detected whether the current
operating mode is set to the waveform memory readout mode
among-the CPU synthesizing modes in step Sd3. If the

waveform memory readout mode is detected here, a set of
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sample values required for one sa.mpliﬁg point are read out
from the waveform memory. In polyphonic synthesizing,
multiple samples required for synthesizing a desired number
of voices are read out. This data reading and data transfer is
~ not carried out by the CPU 10, but by the DMAC 19. The

- wave data hasl been loaded to the area WAVE in the RAM 13
or 20, or provisionally stored in the ROM 11. If the waveform
memory readouf mode is not detected in step Sd3, it is
detected whether the current operating mode is set to the-
harmonics éynthe_sizing mode among the various CPU
synthesizing modes in step SdS. If the harmonics synthesizing
mode is detected, a set of sample values required for one
sampling process are calculated by the CPU 10 according to
the harmonics synthesizing method in step Sd6. In
polyphonic mode, a number of samples required for
synthesizing a desired number of voices are calculated with
the harmonics synthesizing method. In this case, the load of
the CPU 10 is high, since various voices having various
pitches may be created concurrently. Even worse, other
processings may be carried out in parallel, 'i-'simila.rly to the
situation under the FM mode. If the harmonics synthesizing
method is not detected in step Sd5, it is tesg?_ed whether the
current operating mode is set to the physic_éa;l model

synthesizing mode among the various CPU Synthesizing '
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| modés in step Sd7. If the physical mod_i__el—' é&nthesizing mode is
detected, samples required for one samp’]ihg p.oint are
calculated by the CPU 10 a.ccording to. the physica.l model
synthesizing method in step Sd8. In poly"phonjc mode, a
number of samples required for synthesizing a desired number
of voices are calculated with the physical fﬁodel synthesizing
method. If the physical model synthesizing mode is not
detected in step-Sd7, the current operating mode is out of the.
present embodiment, so tha,f the warning for the wrong mode
‘setting is executed in step Sd9 as well as other process. After
steps Sd2, Sd4; S5d6, Sd8, or Sd9, the procedure returns, and
then the following step Sal6 (Figure 9) is executed.

As for the waveform sa.mple value calculation with the
CPU 10 and the co-processor 17 execute(i in the step Sc2, the
procedure shown in Figure 14 is executed with cooperation of
the CPU 10 and the co-processor 17 so that the calculating
operation can be made faster. The detailed explanation for
the operation is omitted here, since the procedure is basically
the same as the calculation only by the CPU.

~ Thus, in the waveform sample value calculation in step
Sal5, the most influential processing on thé_ ‘quality of the
synthesized sound is carried out by one of the CPU
synthesizing modes. In the FM, harmonics synthesizing, or

physical model synthesizing mdde, the time required for the
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wave data calculation, as well as the number of voices to be
reproduced simultaneously, is the bottle neck of the sound
synthesizing. The wave data at each sample point is actually
calculated in order to examine the processing power. The
calculation is repeatedly done in steps Sal5 to Sal7 for m
cycles, and the time required for the m sample calculation is
measured by the timer operaiion to set the sampling
frequency fs suitable for the processing power of the CPU in
step Sa2l. | Similarly in the Wa,yeform memory readout mode,
the readout operation of the wave data is the bottle neck of
the sound synthesizing, so that the wave data at each sample
point is read out to exa,miné the accessing speed. The readout
process is done in steps Sal5 to Sal7 for m samples, and the
time required for the m sample calculation is measured By the
timer operation to set the sampling frequency fs suitable for
the processing power of the CPU in step Sa2l.

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

procedure, event detection is carried out in step Sel of Figure
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15. The event includes a key-on .event issued in response to
keyboard information KBD or MIDI infor;r;ation, and
includes other events not only a.ssocia,tea td f,he CPU
synthesizing mode, but also associated to th§ sound source
device mode. Upon detecting the key-on event, the apparatus
initiates the synthesizing process. In step Sei, it is tested
whether the current operating mode designates the sound
soufce synthesizing mode or not. If the detection fesult is
“No”, the procédure branches to step Sell. Otherwise, the
procedure goes forward to following step Se3, if the detection
result is “Yes”. In step Se3, it is tested whether the current
synthesizing operation status of the sound source devices and
the performance information corresponding to the event
comply with a “condition” for synthesis of waveform by the
sound source device. In the present embodi_rnent, one
condition is whether the number of voices (timbres) to be
synthesized currently is within a maximum number of voices
which can be synthesized simultaneously by -_the hardware
"device specified in the sound source éynthe_siz_ing mode. More
particularly, in step. Se3, the number of channels currently
being in active status and bemg allocated for the sound
source device is less tha.n or equal to the full number of the
channels which can be used for s1mu1ta.neous synthesis of

voices by the device. The “condition?” may include other
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factors listed hereunder: (1) Whether a “pitch” or a “touch”
specified by the detected event is higher (or lower) than a
predetermined value. (2) Whether a Value'r'elevant to
“timbre” specified by the detected event.isj_-hjgher (or lower)
than a predetermined value. (3) Whether a value relevant to
a number of “parts” in the performance information specified
by the detected event is higher (or lower) than a
predetermined value. (4) Whether a detected MIDI-CH value _
(number of channels) relevant to the detected event is higher
(or lower) than a predetermined value. As shown above, the
criteria for the “condition” may be generalized as whether a
certain value specified by the performance information is
higher (or lower) than a predetermined value. It is possible to
implement a particular “condition” {0 issue a negative result
if some unique timbre.'is specified to be synthesized in the FM
mode or the harmonics synthesizing mode using the sound
source device. This implementation will be described later in
another embodiment. If the “condition” is ﬁﬂﬁﬂed, channel
assignment process is conducted in step Sed such that a
channel to synthesize a voice for the key.-og:_-ievent is allocated
out of vacant 'cha:anels in the sound source_device, which are
currently not used for synthesizing the soundIn step Se5, the
sound generation is executed using the :‘spe:'c;_i;ﬁ:'e'ki sound source

hardware, in which the actual synthesizing of the waveform is
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done for the issued event in the allocated channel.

If the “condition” is not fulfilled in step Se3, it is tested
whether the flag ENBLFLG is “1” or not in step Se6. In ‘this
stage, the Va.lué “1” of the flag ENBLFLG indicates that the
steps Sal3 to Sa25 have been executed alréady, and indicates
that the sampling frequency fs for the 'CPU synthesizing
mode is already set up. Thus, the CPU synthesizing mode is
available. Therefore, if the test result of step Se6 is “Yes”
because of value “1” of the flag ENBLFLG, .Voice allocation
procedure to the CPU synthesizing mode is executed in step
Se7 so that the synthesizing of the waveform relevant to the
event W].:lich'does not comply with the condition for
synthesizing by the sound source device is carried out by the
CPU synthesizing mode. Particularly, an allocation command
is issued to calculate sample values of the waveform relevant
to the event in this CPU synthesizing allocation procedure.
The command includes designation of computation mode to
be executed by the CPU 10.(any mode out of the CPU
synthesizing modeS), and designation of the timbre, pitch,

touch, volume and channel assignment. Further, the
: command includes note commands such as key-on or key-off.
During the allocation command is valid, the corhputation
devices including the CPU 10 execute the waveform

synthesizing computation process in order to generate the
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sample values relevant to the e\.rent in step Sel0. The
allocation command also includes information about the start
and end of interrupts, if the waveform is génera,ted with the
interrupt process. On the other hand, if the value “0” of flag
ENBLFLG is detected in step Se6, the CPU synthesizing
mode is not available. In this case, truncating pr;)cess.is
carried out to turn off sound reproduction operation of a
channel which is the oldest in step Se8, to make a vacant
channel forcibly. This truncating process may be included in
the allocation process executed in step Se4. In step Se4, the
relevant event is alloc;a,ted to the vacant channel made by the
forcible note-off, and the synthesizing of the waveform
relevant to the event is carried out by the allocated channel
in step Se4. If multiple sound source devices are installed to
the system, channels of the different sound source devices
may be allocated to synthesize a single timbre. |

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

performance information relevant to the issued event comply
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with the “condition” for synthesizing by the devices including
the CPU. Various factors may be conceived as the “condition”
for synthesis by CPU as in the case of thé-“¢ondition” for
synthesis by the sound source device (step- Se3). In this
embodiment, the condition is whether a number of voices
(timbres) to be synthesized currently is within a maximum
number of voices which can be synthesized simultaneously
with the CPU synthesizing mode. More particularly, in step
Sell, it is tested whether the number of channels (CH)
currently being held in note-on status and being allocated for
the computation devices.including.the CPU is less than or
equal to the maximum numBer of the channels which can be
used for simultaneous synthesizing of the waveforms by the
CPU synthesizing mode. If the “condition” is satisfied, it is
 tested whether the flag ENBLFLG is “1” or not in step Sel2.
As described above, the value “1” of the ﬂag ENBLFLG here
indicates that the synthesis of the waveform _by the CPU
synthesizing mode is ready fo be started. Therefore, the
allocation procedure is executed for the waveform synthesis
by the devices including the CPU 10 in step .-Se13, and the
procedure further goes forward to step Se9. The detail of the
allocation procedure in step Sel3 is not explained here again,
since the procedure is eventually the same as in step Se7. On

‘the other hand, if the “condition” for synthesis of the
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waveform by CPU is not compllied. in step Sell, or the devices
including the CPU 10 are not ready in step Sel2, the
allocation procedure is executed in step Seld as in step Sed,
so that the processing relevant to the event is done by the
external sound sour'ée device. The synthesizing using the
specified hardware is done in step Sel5 as in step Se5. After
step Sel3, steps Se9 and step Sel0 are executed. In step Se9,
it is detected whether the allocation command exists to
generate wave data by the CPU. If the command is not
detected, the procedure rétﬁi*ﬁs immediateiy. Otherwise, the
waveform is calculated according to the allocation command
to generate sound by the CPU in step Sell.

Thus, in the external sound source select preceding
mode, the synthesizing process complying with the
“condition” for synthesis by the hardware device is executed
by the sound source in step Seb, while the synthesizing
process which does not-comply with the “condition” is
executed by the CPU 10 in step Sel0. On the other hand, if
the designated mode is not the sound source preceding select
mode, the process complying with the “condition” for
synthesis by the CPU 10 is executed by the s_oftwa.re module
in step Sel0, while the synthesizing process";_ which does not
comply with the. “condition” for synthesis'lﬁfﬁhe CPU is

executed by the hardware sound source device in step Sels.
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Thus, in the synthesis using the selected h_é,rdWare, if the
synthesizing process exceeds the process_ing;"power of the
hardware specified in the sound source syn’qhesizing mode, the
exceeding part of the procesé is executed by the CPU
synthesizing mode, so that it is possible to synthesize a
plura.-lify of voices more than the full number of voices which
can be simultaneously réproduced in the'ha;_rdware without
enhancing hardware setup. In general, Wheﬁ the input device
such as the I/O 14 provides pérforma,nce information effective
to command concurrent genéra,tion of a plu_fality of musical
sounds, the inventive apparatus designates one of the first
waveform generator and the second waveform generator
according to a number of concurrent musicéx-l sounds specified
by the performance information such that the designated one
has a capacity sufficient to create a number of waveforms
corresponding to the number of the musical sounds. When
the number of the concurrent musical sounds exceeds a
capacity of either of the first waveform generator and the
second waveform generator, bofh of the ﬁrsi: waveform
generator and the second waveform generatci)'r__ are designated
to énsure complete generation of the concurifent musical
sounds. ..

The timer process will be described heiéunder. The

timer process is an interrupt process executed at a
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predetermined interval Tt during the trial x}s}aveform synthesis
program described before. Figure 17 is a flowchart illustrating
the timer process in detail. In step Sfl, it 1s tested if the flag
BUSY is “1”, which means f;hat the counting up of the timer
is enabled. If this detection results in negative, the procedure
skips to Sf3. Otherwise, the routine goes forward to step Sf2,
where the register TCOUNT is incremented by “1” if the
detection result is positive. In step Sf3, other miscellaneous
timer processes are executed to finish the timer routine.
Thus, the timer process increments the register TCOUNT by
“1” if the flag BUSY is “1”. The flag BUSY switches to “1”
only in the loop of sﬁeps 9a9 to Sall so that thé content of
the register TCOUNT indicates the invdca.tion cycles of the
timer process within the f,ime.required for the computation or
reading of one waveform. The lapse time can be derived by
multiplying TCOUNT by Tt. |

In the arrangement shown in Figure 1, all the optional
devices such as the co-processor 17, DSP 21 and external
'sound source 22 are fully installed. Thus, in this
 arrangement, all the operatiﬁg modes can be designated with
respect to the synthesizing mode and the allocation mode. If
the operating mode is set to the sound soﬁrc;:e select mode at
first priority, a part of the process exceeding the processing

power of the external sound source is allocated to the CPU,
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and the CPU handles the process so that the musical sound
can be generated beyond the limitation of the external sound
source device, and various timbres can be .'ge'nera,ted. Further,
various timbres can be generated also in the CPU select mode
given first priority. Since the sampling frequency fs is a,lwa,ye
set to the optimum value at .step Sa2l, the quality of the
generated sound can be maintained high.

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

The hardware setup shown in Figure Zl_lacks all the
'optiOna,l devices including the co-processor 17, DSP 21, and
LSI sound source 22. Of coilrse, the sound source synthesis
 mode is not available in this setup, because the detection in
step Sa4 (Figure 8) becomes_-“Yes” , and oniy;the CPU
sﬁthesizing mode can be utilized. Howev'ei*, if the processing

power of the CPU 10 is not very high enouéh_, the real-time
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wave data computation is impossible, since both of the
co-processor 17 and DSP 21 are not installed. Thus, there
may be a situation in which the waveform memory readout
mode is only available in the CPU synthesizing modes.

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

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

facilitate data calculation, so that the wave data is not



63

generated by the waveform memory readout method, but is
generated by the various pure arithmetic mo.des suéh as FM
mode, harmonics synthesis mode and physical modeling
mode. Further, the CPU synthesizing mode is available
depeﬁding on the allocation mode. The wave data calculation
is poésible, but the waveform memory readout mode is not
available since the DMAC 19 and RAM 20 are deleted. It is
possible to utilize only the FM modé, harmonics synthesizing |
modé, and physical rriodel synthesizing mode, where the
real-time high speed wave data calculation is executed. The
actual waveform calculation (step Sa8), as well as the trial
waveform calculation (step Sal5), is executed by both of the
CPU 10 and the co-processor 17 in this setup.

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

real-time wave data calculation is impossible since the
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co-processor 17 lacks. Thus, there may be _é_,:'situation in
which all the CPU synthesizing .modes. are not available.

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

other timbres. Thus, the computation load can be reduced
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for the CPU 10, and the LSI sound source 22 does not have
to synthesize any wave data for which the spund source 22
has poor ability. The quality of the reprod-ﬁced sound can be
maintained high as much. The purpose of ti;e second
embodiment is directed to the very point. The second
embodiment assumes that the sound source 22 is installed as
shown in Figure 1 or 24. With respect tothé waveform
‘synthesizing program, the synthesizing process using the
selected hardware (Figures 15 and 16) is replaced with the
process shown in Figure 18.. More particularly, the
synthesizing process ﬁsing the selected hardware in step Sa34
(Figure 11) is substituted for the process shown in Figure 18.
The substituted process will be described hereunder, while
omitting the expla,ﬁation of the other processes for avoiding
duplicated description.

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

hereunder. Generally, the sound source has unique
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disposition of available timbres, so that an individﬁa,l timbre
can be specified by a unique timbre code. Thus, it is possible
to implement a table containing the list of the timbre codes of -
the percussive. tones in advance, in order tol discriminate
between the tones to be handled by the CPU 10 in case that
the timbre code detected for the relevant event is found in the °
table, and the other tones. to be handled by the LSI sound
source 22. However in the present embodiment, the allocation .
criteria may not be limited to the timbre code. It is possible
to setup timbre handling means under the manﬁal mode, in
such a manner that a certain timbre is to be handled by the
CPU, and another timbre is to be handled by the sound
source. Each tone can also be allocated depending upon the
number of the channels which can be used for simultaneous
synthesizing. Further, under a compﬁlsory mode, each tone
can be allocated forcibly by other running pyo'grams.

For the tones allocated to the LSI sound source, vacant
channels are created by the voice allocation process in step
Sg3 as in step Se4 (Figure 15). In step Sg4, the waveform
relevant to the key-on event is synthesized through the vacant
channels. The synthesizing method for this operation is not
limited to the FM mode, the harmonics synthesizing mode or
the physical inodeling mode, but it is possible to use, for
example, PCM mode to read out the wave data from the
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waveform memory 25, depending upon the characteristics of
the installed sound source 22. On the other hand, for the
timbres allocated to the CPU, the CPU synthesizing
allocation proéedure is done in order to generate an
allocation command to generate wave da,ta.relevant to the
detected event in step Sg5 as in step Se7 (Figure 15). If the
allocation command is available, the detection in step Sgb
results in “Yes”, and the synthesizing calculation in step Sg7
is executed to generate a waveform relevant to the allocation
command. The synthesis of the waveform is effected by the
waveform memory readout mode in order to reduce the load
for the CPU as described before. On the other hand, when
the allocation command is not available, the ldetection in step
Sgb results in “No”, and the procedure returns.

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

a timing of generation of the musical sound. One of the first
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waveform generator and the second Wavefofm generator is
designated in correspondence with the timbre information so
that the output device generates the musical sound having
the specified timbre at the spéciﬁed tirrﬁng;

In the first and second embodiments, the synthesizing
process for one tone is executed in the channels provided on
the CPU or in the othef channels provided in the sound
source. However, the synthesizing process for a tone can be
executed by both of the CPU and the sound source. In this
arrangement, it is possiblé to use the harmonics synfhesizing
mode in the CPU side, and to use a mode other than the
barmonics synthesizing, e.g., the FM mode in the sound
. source side, so that variational tones can be generated |
because the same tone is synthesized by the different
calculation modes. The purpose of a third embodiment is
directed to the very point. In the third embodiment, the LSI
sound source is assumed to be installed in the system as
shown in Figures 1 and 24. With respect to the waveform
synthesizing program, the synthesizing process using the
selected hardware device '(Figu:res 15 and 16) is replaced with
the pr-oc;esé shown in Figure 19. More particularly, the .
synthesizing process using the selected hardware in step Sa34
(Figure 11) is substituted for the process shown in Figure 19.

The substituted process will be described hereunder, while
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omitting the expla.na.ti;)n of the other proc:e'ljs?sies' for avoiding
duplicated description.

In this embodiment, upon advancing fq_r-w_a,rd to step
Sa34, the synthesizing program runs to eXé(iﬁte the
éynthesizing process using the selected ha,rdwa.re as shown in
Figure 19. In step Shi, the event detection is-carried out as
in steps Sel and Sgl. In step Sh2, system-_ch_écl.{ for voice
allocation is exécuted. More particularly, a device to handle
the synthesis is determined for each voice (tone) out of the
CPU and the LSI sound source. The criterié, for this
allocation may be the timbre code, number of channels

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

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

\
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CPU, the CPU synthesizing allocation procedure is done in
order to geﬁera,te an allocation command relevant to the
detected note-on event in step Sh5 as in step Se7 (Figure 15).
Information about the calculation method is included in the
allocation command. The voice allocated to both of the CPU
and the sound source is processed in steps Sh3 and step Sh4
by the LSI sound source, while the same voice is processed in
steps Sh5 by the CPU. These processes are executed in
parallel. If the allocation command is available, the detection
in step Shé résul_ts in “Yes”, and the synthesizing calculation
in step Sh7 is executed to generate a waveform relevant to
the allocation command. Uniike the second embodiment, the
synthesizing calculation is d_one by various modes including
the FM, harmonics synthesizing, physical modeling and so
on. On the other hand, if the allocation command is not
available, the detection in step Sh6 results in “No”, and the
procedure returns.

In the third embodiment, a voice (tone) can be allocated
to both of the CPU and the LSI sound source so that
different wave data can be reproduced for the same tone
actually. Due to this feature, the third embodiment can also
diversify the tones of the system. For sumniary, both of the
first waveform generator and the second Wé.ve-form'genera,tor

are coincidently designated so that the controller device
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operates both of the first waveform generator and the second
waveform generator to concurrently create waveforms in
parallel manner for a single timbre. |

A fourth embodimeﬁt will be explé,ined hereunder. Even
though the voice allocation mode is introduced in the
embodiments described above, more simple implementation is
possible. An event which can be allocated to a certain sound
source device is simply allocated to the relevant device upon
- the event detection, provided that the device is installed in
the system. The very implementation is provided in this
fourth embodiment.. The fourth embodiment assumes that
the sound source 22 is installed as shown in Figure 1 or 24, as
in the second and third embodiments. With respect to the
waveform synthesizing progré.m, the synthesizing process
using the selected hardware device (Figures 15 and 16) is
replaced with the process shown in Figure 20. More
particularly, the sy_nthésizing process using the selected
hardware device in step Sa.34 (Figure 11) is :.substituted for
‘the process shown in Figure 20. The substituted process will
be described hereunder, Whilé omitting thé explanation of the
other processes for avoiding duplicated des@iption.

In this embodiment, upon advancing f@iward to step
Sa34, the synthesizing program runs to exeéil_te the

synthesizing process using the selected hardware as shown in
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Figure 20. First of all, the event detection is carried out
though this proéess is not illustrated. In step Sil, voice
allocation is executed to crea;te a vacant channel in the LSI
sound source. In step Si2, the waveform rélgvant to the
detected event is actué.lly_ synthesized using the vacant
channel. The synthesizing metﬁod for this 0pe;‘ation is not
limited to the FM mode or the harmonics synthesizing mode,
but it is possible to use, for example, the physical modeling |
mode and the PCM mode to read out the wave data from the
waveform memory 25 depending upon the characteristics of
the installed sound source 22. After the synthesizing, the
procedure returns. Thus, in the fourth embodiment, an event
which can be allocated to a cértain sound source device is
simply allocated to this device upon the event detection
provided that this device is installed in the system.

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

the syst"e_zm control program or basic program, the waveform
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synthesizing program and other application programs.
Normally, the ROM 11 provisionally stores these programs.
However, if not, any program may be loaded into a hard disk
or else in the storage unit 15. The loaded program is
transferred to the RAM 13 to enable the CPU 10 to operate
the inventive system of the musical sound generating
apparatus. By such a manner, new or version-up programs
can be readily insf.alled in the system. For this purpose, a
machine-readable media such as a CD-ROM (Compact Disc
Read Only Memory) 51 is utilized to install the program.
The CD-ROM 51 is set into a CD-ROM drive 52 to read out
and download the program from the CD-ROM 51 into the
storage unit 15 through the bus 12. The machine-readable
media may be composed of a magnetic disk or an optical disk
other than the CD-ROM 51.

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

network 55. In response to the request, the server computer
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54 transmits the requested data or progra,rfifl"\:ﬁo the apparatus.
The transmitted data or program is stored in the hard disk of
the storage unit 15 to thereby complete the ?(_:'l:bwjnloa,ding.

The inventive musical sound generating ':a.p'p;aratus can be
implemented by a personél computer which is installed with
the needed data and programs. In such a 'ca,:s_e, the data and
progréms are provided to the user by means of the
machine-readable media such as the CD-ROM 51 or a floppy
_disk. The machine-readable media contains instructions for
causing the personal computer'to perform the inventive
musical sound generating method as described in conjunction
with the previous embodiments. Otherwise, the personal
computer may receive the data and programs through the
communication network 55.

In the embodiments described above, thé optional
devices including the co-processor 17, DSP 21, sound source
22 are referred to as exemples, but the optional device is not
limited to these devices. The pfesent invention can be
utilized in the application systems such as personal computer,
eléctronjc musical instrument, game machine and so on in
which'the musical sound is generated.

As shown in the foiegoing, according to li;he present
invention, various effects can be derived. It is:;ﬂ':possible to

generaté various musical sounds and to reduce a processing
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load required for musical sound generation. The musical |
sound can be generated at the optimum sample frequency for
the configuration of the apparatus. The structure for
generating the wave data of the musical sound can be
significantly simplified. Tﬁe quality of the generated musical
sound can be retained even in low performance hardware.
The musical sound can be generated according to the
performance information even if the volume of the

performance information becomes large.
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What is claimed is: |
1. A musical sound generating apparatus for creating a
waveform to generate a musical sound according to
performance information, comprising: |

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

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

input means. for. providing performance information;

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

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

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

information effective to specify a timbre of the musical sound



—_—

Iy

R g
77

and tinﬁng'information effective to specify :a, 'timing of
generation of the musical sound, and wherein the designating
means comprises means for designating one of the first
waveform generatbr means and the second waveform
generator means in cqrfespondence with the timbi'e
information so that the output means generates the musical
sound having the specified timber at the specified timing.
3. A musical sound generating apparatus according to
claim 1, wherein the designating means includes means
operable if desired for coincidently designating both of the
first waveform generator means and the second waveform
generator means so that the controller means opera,tes both
of the first waveform generatdf means and the second
waveform generator means to concurrently create waveforms
in parallel manner.
4, A musical sound generating apparatus according to
claim 1, wherein the input means comprises means for
providing performance information effective to command
concurrent generation of a plurality of musical sounds, and
wherein the designating means comprises means for
designating one of the first waveform generafof means and
the second waveform generator means a.ccorﬂ.i‘ng to a number
of concurrent musical sounds specified by thé performance

information such that the deéigné,ted one has a capacity



78

sufficient to create a number of waveforms éérfesponding to
the number of the musical sounds.
5. A musical sound generating a,pparatusé-according to
claim 4, wherein the d'esigné.ting means furthzqr comprises
means operative when the number of the cdﬁéurrent musical
sounds exceeds a capaéity‘ of either of the ﬁrét waveform
generator means and the second waveform generator means
for designating both of the first Wa,vefofm geﬁerator means
and the sécond waveform generator means to__; ensure complete
.generation of the concurrent musical sounds. |
6. A musical sound generating apparatus ._a,ccording to
claim 1, wherein the first waveform generator means

. comprises an external waveform generator optionally
connectable to the controller means while the second
waveform generator means comprises an internal waveform
generator integrated with the controller means so that the
designating means designates the internal waveform generator
in place of the external waveform generator when the same is
not connected to the controller means even though the
external waveform generator should primarily correspond to
the provided performance information.
7. A musical sound generating apparatus i':é,ccording to
claim 1, wherein the second waveform geﬁer'a@br means, the |

. input means, the designating means and the .c-ontroller means
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are integrated with each other to constitute a main part -
composed of a computer, while the first waveform generator
means alone constitutes a supplementary part which is
separate from the main part and which is optionally
installable in the computer.

8. A musical sound generating apparatus according to
claim 1, wherein the first waveform generator means is
cqmposed of a hardware module driven by the controller
means, while the second waveform generator means is
composed. of a software module installable in the controller
means. |

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

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

a digital waveform having a relatively low quality, and
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another digital waveform generator operable based on a
relatively complicated algorithm to create another digital
waveform having a relatively high quality.

11. A musical sound generating apparatus according to

claim 1, wherein the second waveform generator means

comprises a. computerized waveform generator operable

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

12. A musical sound genera.ﬁng apparatus according to

claim 11, wherein the determining means comprises means for .

'ﬁxing the sampling frequency to one of stepwise

predetermined levels, which is lower than and closest to the

measured operation speed.
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13. A musical sound generating apparatus according to
claim 11, wherein the controller means furti_l'é,_r comprises
changing means operative when the determined sampling
frequency falls below a critical level which is defined to ensure
a minimal quality of the digital waveform for changing the
algorithm to raise the operation speed.of the computerized
waveform generator so that the sampling ffg_(iuency can be
redetermined to exceed the critical level.

14. A musical sound generating apparatus according to
claim 13, wherein the changing means comprises means for
changing the algorithm from a complicated one to a
simplified one such that the computerized waveform
generator operates based on the simplified one of the
algorithm to successively read out prestored ones of sample
values to reproductively create the digital waveform.

15. A musical sound generating apparatus according to
claim 14, wherein the computerized waveform generator
successively reads out prestored ones of sample values which
are provisionally computed according to the complicated
algorithm before the same is changed to the' siimp]iﬁed
algorithm.

16. A sound generating apparatus for creating a digital
waveform to generate a musical sound according to

performance information, comprising;:
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input means for providing performa,rice _iﬁformation;
computerized waveform generator means operable based

on a given algorithm at a variable operation speed to create a

digital waveform by successively computing sample values of

the digital waveform;

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

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

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

output means for generating the musical sound based on
the actual digital waveform according to the provided
performance information. |

17. | A musical sound generating method of creating a

waveform to generate a musical sound according to .

performance information, comprising the steps of:
preparing a first waveform génerator operable for

creating a Wa,Veform;.

preparing a second waveform generator operable
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independently from the first waveform generator for creating
| a waveform;

providing performance information;

designating at least one of the first waveform generator
and the second waveform generator in correspondence with
the provided performance info'rmatio_n;

selectively operating the designated _oﬁe of the first
waveform generator and the second waveform generator by
means of a controller to create the waveform according to the
provided performance information; and

generating the musical sound based on the created
waveform.
18. A musical sound generating method according to
claim 17, wherein the providing step comprises providing
performance information which' contains timbre information
effective to specify a timbre of the musical sound and timing
information effective to specify a timing of generation of the
musical sound, and wherein the designating step comprises
designating one of the first waveform generator and the
second waveform generator in correspondence with the timbre
information so that the musical sound having the specified
timber is generated at the specified timing,.
19. A musical sound generating method according to

claim 17, wherein the designating step includes, if desired,
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coincidently designating both of the first Wa;x__}éform generator
and the second waveform generator so that the controller
operates both of the first waveform generator and the second
waveform generator to concurrently create -_Wa.veforms in
parallel manner. ”
20. A musical sound generating metho&j-a},jl'c(':ording to
claim 17, wherein the providing step comprises providiﬁg
performance information effective to command concurrent

- generation of a plurality of musical sound‘s_,_:._a{l___;td wherein the
designating step comprises designating one of the first
waveform generator and the second waveform generator
according to a number of concurrent musical sounds specified
by the performance information such that the designated one
'haé a capacity sufficient to create a number of waveforms
corresponding to the number of the musical sounds.
21. A musical sound generating method according to
claim 20, wherein the designating step further comprises
designating both of the first waveform generator and the
second waveform generator to ensure complete generation of
the concurrent musical sounds when the nur-_@l_ﬁer of the
concurrent musical sounds. exceeds a ca,pa,cn'.yof either of the
first waveform generator and the second Waveform generator.
22. A musical sound 'genera,ting method. according to

claim 17, wherein the preparing steps compﬁ_se preparing the
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first ;:fva,veform generator éorﬁposed for an external waveform
genei}ator optionally connectable to the controller and the
secoﬁd waveform generator composed of an internal waveform
generator integrated with the controller so that the internal
waveform generator is designated in place of the external
waveform generator when the same is not connected to the
controller even though the external waveform generator
should primarily correspond to the provided performance
information. o |

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

- 25. A musical sound generating method aécording to

Ve
"N
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cla,irﬁ 24, wherein the preparing step comprises preparing the
second waveform generator including a digital waveform
generator of a waveform memory type op_efable based on a
relatively sifnple algorithm to create a digitﬂ waveform
having a relatively low quality, and anoth'e'r'i;digital waveform
generator operable based on a relativ’ely cqmplica,ted
algorithm to create another digital waveform having a
relatlvely high quality.

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

according to the provided performance information.
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27. A musical sound generating metho(f é,cﬂcording to
claim 26, wherein the determining step éorx_iiﬁrises fixing the
sampling frequency to one of stepwise predetermined levels,
which is lower than and closest to the measured operation
speed.
28. A musical sound geﬁérating method g';a;ccording to

- claim 26, wherein the operating step furthei:E lc.:omprises
changing the algorithm to raise the operatién speed of the
computerized waveform generator so that ﬁhe sampling
frequency can be redeterminéd .to exceed the critical level

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

out prestored ones of sample values which air§ provisionally
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computed according to the complicated algorithm before the
same is changed to the simplified algorithm.
31. A sound generating method of creating a digital
waveform to generate a musical sound according to
performance information the method, cbmprising the steps of:

providing performance information; |

preparirlg a computerized waveform gerierator operable
based on a given algorithm at a variable operation speed to
create a digital waveform by successively computing sample
values of the digital waveform; -

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

" optimally determining a sampling frequency comparable

to the measured operation sﬁeed;

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

generating the musical sound based on the actual digital

waveform according to the provided performance information.

32. A machine readable media contammi instructions for

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

T
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waveform to generate -a, musical sound aécdfding to
performance inforrﬁation, the method comprising the steps of:

preparing a first waveform generator operable for
creating a waveform; | |

preparing a second waveform généra;to.f_. operable
independently from the first waveform geﬁerator for creating
a waveform; -

providing performancé information;

designating at least one of the first waveform generator
and the second waveform generator m coﬁespondence with
the provided performé,nce_ information;

selectively operating the designated one of the first
waveform generator and the second waveform generator by
means of a controller to create the waveform according to the
provided performance information; and |

generating the musical sound based on the created
waveform.
33. A machine readable medla accordmg to claim 32,
wherein the providing step comprises prov1d1ng performance
information which contains timbre mformat;gn effective to
specify a timbre of the musical sound and tu:mng information
effective to specify a timing of generation of the musical
sound, and wherein the demgnatmg step compnses

des1gnatmg one of the first waveform genera,tor and the
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second waveform generator in correspondence with the timbre
information so that the musical sound having the specified
timber is generated at the specified timing.

34. A machine readable media a,ccordmg to claim 30,
wherein the designating step includes, if desued coincidently
designating both of the first waveform gener;__ator and the
second waveform generator so that the coﬁtr-.q]ler operates
both of the first waveform generator and the second waveform

generator to concurrently create waveforms in parallel

manner.

35. A machine readable inedid according to claim 32,
wherein the providing step corhprises providing performance
information effective to command concurrent generation of a
plurality of musical sounds,_ and wherein the designating step
comprises designating one of the first waveform generator and
the second waveform generator according to a number of
concurrent musical sounds specified by the ﬁerformance
information such that the designated one has a capacity
sufficient to create a number of Waveforms correspondmg to
the number of the musical sounds. -

36. - A machine readable media accordmg to claim 35,
wherein the designating step further compnses demgnatmg
both of the first waveform generator a.nd th second waveform

generator to ensure complete generatlon of the concurrent
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musical sounds when the number of the c;d?xiigci;urrent musical
sounds exceeds a capacity of either of theﬁrst waveform
generator and the second waveform genérafgr.
317. A machine readable media a,ccordi_n__g;to claim 32,
wherein the preparing steps comprise prepa,rmg the first
waveform generator composed for an externa.l waveform
generator optionally connectable to the_'c’oé;;pller and the
second wavéform generator composed of a.nmterna.l waveform
generator integrated with the controller so that the internal
waveform generator is designated in place of the external
waveform generator when the same is not connected to the
controller even though the external Wa,vefo_ri_m generator
should primarily correspond to the provided performance
information. ‘ |
38. A machine readable media according to claim 32,
wherein the preparing steps comprise preparing the first
waveform generator compésed of a hardware module driven
by the controller and the second wavefonﬁ generator
composed of a software module installable in:the controller.
39. A machine readable media according_'to claim 32,

wherein the preparing step comprises prepanng the second

waveform generator copmosed of a plurahtyf digital

waveform generators which are operable ba.sed on different

algorithims to arithmetically create digital v‘fé)ireforms having
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different qualities, and wherein the operating step comprises
selectively operating an optimal one of the digital waveform
generators according to the provided perfor’rhance
information. N

40. A machine readable media a,ccordin'g..= to claim 39,
wherein the preparing step comprises prep_a.x:ing the second
waveform generator including a digital Waveform generator of
a waveform memory type operable based '0]'.,1' .a, relatively
simple algorithm to create a digital waveform having a
relatively low quality, and another digital waveform generator
operable based on a relatively complicated algorithm to create
another digital waveform having a relatively high quality.

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

measuring the operation speed at which the tnal creation is

carried out, opt1ma.11y determining a sa.mph': g frequency

comparable to the measured operation speed a.nd actually
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‘operating the computerized waveform genei;fétdt to enable the
same to successively compute sample va.lues of an actual
digital waveform at the determined samphng frequency
according to the provided performé,ncé information.

42. A machine readable media a,ccoi'ding-?_to claim 41,
wherein the determining step comﬁrises ﬁxmg the sampling
frequency to one of stepwise predetermined _":_l_eVels, which is
lower than and closest to the measured' opeiation speed.

43. A machine readable media according to claim 41,
wherein the operating step further comprises changing the -
algorithm to raise the operation speed of the computerized,
waveform generator so that the sampling fre_Q_uency can be
redetermined to exceed the critical level when the determined
sampling frequency falls below a critical level which is defined
to ensure a minimal quality of fhe digital waveform.

44. A machine readable media according to claim 43,
wherein the changing step comprises changing the algorithm
from a complicated oné. to a simplified one such that the
computerized waveform generator operates based on the
simplified one of the algorithm to successively.rea.d. out
prestored ones of sample values to reproductlvely create the
digital waveform. '

45. A machine readable media accordmgo claim 44,

wherein the preparing step comprises prepaffﬁg the
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computerlzed Waveform generator which successwely reads

out prestored ones of sample values Wh1ch { 'ire prov151ona.11y

computed according to the comphca.ted_.f__a,_lg_gglthm before the
same is changed to the simplified algorlthm |
46. A machine readable media conta,mmg -instructions for
causing said machine to perform a method of creatmg a
digital waveform to generate a musical sound according to
performance information, the method compnsmg the steps of:

providing performance information;

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

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

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

actually operating the computerized vfe,ireform generator
to enable the same to successwely compute::' a.mple values of
an actual digital Wa,veform at the determmed: sampling

frequency; and

generating the musical sound based onthe actual digital

umm/ummmﬁiﬂ“"
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- waveform according to the provided performance information.
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