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Th% present i n\_/_}en ‘ion generally relates to a ton_pmerati ng apparatus and
a toné ‘generating nethod for generating nusic toneES“y executing _

. prédeterm ned nusi.c generating software on a conputer. A tone genérating
apparatus is known in which nusic tones hre generated by executing a

predeterm ned nusic tone gen L f al - pur pose processor
such as a CPU (Central Proce , tus Is called a
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performed in parallel, a plurality of sanmples (each represented by 16-bit
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control and filter, ,processi.ng are rforoed,on eac .
. generatted lgy execu{;m% a pre%eetermmed music Pone generating software on

a general-purpose processor such as a CPU (Central Processing Unit).
Such an apparatus is called a software sound source. Recently, as higher
performance is required of this software sound source, so is higher speeds of
music tone processing to meet this requirement.

Recently, CPUs have been proposed that have instructions each
capable of executing a plurality of arithmetic operations concurrently.
These CPUs include for example a CPU made by Intel Corporation that
has an extended instruction: set called MMX.

| In the conventional pé.ra.llel processing as applied to graphic
processing, adjacent pixels each represented by one byte data(eight bits)
are grouped and the processing operations for the plurality of grouped
pixels are performed in parallll. When voice processing and tone
generating processing are performed in parallel, a plurality of samples (each
represented by 16-bit data) that continue one after another in time are
grouped, and amplitude control and filter processing are performed on each
group.

It is also possible to perform the above-mentioned processing by use
of the above-mentioned CPU having an extended instruction set capable of
executing a plurality of arithmetic operations by a single instruction in
parallel. Referring to FIG. 5, there is shown a block diagram illustrating
an algorithm for executing effect processing of a software sound source.
Referring to FIG. 6A, there is shown a detailed circuit diagram illustrating
an APn circuit of FIG. 5. Referring to FIG. 6B, there is shown a detailed



group. It is also, possible to perf-ormthe above-nentioned processing by use
of the above-nentioned CPU having an extended instruction set capabl e of
executing a plurality of arithnetic operations by a single instruction in
parallel. Referring to FIG 5, there is shown a block diagramillustrating
an al gorithmfor executing effect procedsing of a software sound source.
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adding the resultant data together, thereby realizing high-speed processing.
Actually, however, such high-speed processing is only realized by well
contriving computational operations in one processing algorithm. This
inevitably leaves portions that cannot be completely processed in parallel,
preventing the advantages of parallel processing from being fully used.

The processing of generating music tone waveforms includes
processing for obtaining a current waveform sample from a past waveform
sample during the course of address generation, envelope generation, and
filtering. To be more specific, in address generation, a current address is
obtained based on an address one sampling period before. In envelope
generation, a current envelope value is obtained based on an immediately
preceding envelope value. In filtering, a filter computation is performed
based on values of a past waveform sample and a current input waveform
sample to generate and output an output waveform sample. Thus,
obtaining a current waveform sample from a past waveform sample makes
it difficult to process in parallel the waveform samples adjacent to each
other in terms of time.

A tone gerierating apparatus is known in which music tones are
generated by executing a predetermined music tone generating software on
a general-purpose processor such as a CPU. Such an apparatus is-called a
software sound source. Some softwarg sound sources also use a software
effector to provide effects such as reverberation on a generated music tone
and output the effect-added tone. Recently, it is required to enhance the
performance of software sougd sources to provide a variety of effects.



i nevitably | eaves, portions that cannot be conpletely processed in parallel,
preventing the advantages of parallel processing frombeing fully used. The
processi ng of generating nusic tone waveformnms includes processing for
obtaining a current waveform sanple from a past waveform sanple during the
course of address generation, envel ope gbneration, and filtering. To be
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waveform sample to which reverberation of the stereophonic right side is
not attached. Rev denotes a storage area for a waveform sample to which
reverberation is attached. Namely, the waveform samples are held in an
‘interleaved form with a combination of DryL, DryR, and Rev as one unit.
This is because it is convenient for these effects to align the buuffer in this
order when writing output data of each channel in waveform computation.
For example, a software sound source generates‘ waveform samples for
one frame (128 samples) of all channels through which a music tone is
generated for each frame, which is a predetermined time interval. The
software sound source accumulates the generated waveform samples in a
waveform generating buffer shown in FIG. 9B, and outputs waveform data.
First, 128 samples of the first channel are generated and the generated
samples are weighted such that values of DryL, DryR, and Rev of each
sample are respectively multiplied with predetermined coefficients. The
weighted samples are stored in the waveform generating buffer of FIG. 9B.
Next, 128 samples of the second channel are generated, the generated
samples are weighted, and the weighted samples are accumulated in the
waveform generating buffer of FIG. 9B. Then, 128 samples of the third
channel are generated, the generated samples are weighted, and the
weighted samples are accumulated in the waveform generating buffer of
FIG. 9B. These operations are repeated for all channels to vocalize
musical tones. The generated waveform data is passed to a sound I/O
device (an LSI called CODEC for executing input/output operations of



3 A software sound source is provi'ded-with a buffer area for waveform
generation to generate a plurality of sanples collectively when

synt hesi zing a nusic tone by software. FIG 9B shows an exanple of a

wavef orm generating buffer area. As shogln in FIG 9B, reference nunerals 1,
2, ..., 128 denote storage areas for 1238 sets of waveform sanples which are

time- series datta sequential ly,atran j s of, L1 nme. e set of

18t Opd HaTeiarhy dheA] b R IMAE EDYct MbhiSty, Hofeds Cotproller)
o e SIS
st er eophonic f@@f% Si ge s not “at aéhgg. y@%e otes a st]géage ar eg ?or a
wavef or m sgngalag tconversion evar hicatreesivedd twaveforneodatai and gbcalifts ithe

not attached. Rev denotes a storage area for a waveform sanple to which
r ever ber at ¢erverdedtdatentlaroughrel spoundaystemas or m sanpl es are held in an

i nterl df B nbi ' f.DryL,. DnyR, d. . Iof .
ter! caved {or i L1 G STl 0ol o0 of UL DENR. 200 FRY gt ity
this or d.erA""rﬁfbMéiﬂ' f#? YHweverdatRap tREC Qe@ﬂé’l‘i&e | of ncc‘fﬁzﬁftgﬂa (T%r the
conput ati on. For exanpl'e, a softfware sound sSource generates wavef or

sanpl es f%omtﬁn%@el@i&ﬂnsiﬁppwimeh alffectow)n s providimg vai phugalitysi of
tone is generated for each frame, which is a predetermned tine interval.

The sof t weelfecis cannofube altereddynamically. generated waveform-sanples in a
vaveform goner a s BUHSLEATRA S 3B RhANA YBEL Bh i

or external cache memory. However, a data structure of the waveform
gehera.ting buffer as shown in FIG. 9B easily causes cache miss at waveform
generation, especially, at computation by software effector. For example,
in the example of FIG. 9B, the software effector for calculating
reverberation performs computation by taking Rev of 128 samples
intermittently stored in an interleaved manner, often resulting in cache
miss. When the effect attached is reverberation alone, not so much
overhead is caused. As the number of effects attached increases, however,
the chance of cache miss especially increases. For example, if three types
of effects (reverberation, chorus, and variation) are attached and there are
seven output systems, the data structure of FIG. 9B is extended to DryL,
DryR, Rev, ChorusL, ChorusR, VariationL, and VariationR, which are
handled as one unit arranged for 128 samples in the waveform generating
buffer. In this case, the effector executes computational processing in the
following sequence:

(1) Computation for variation is executed by collécting VariationL
and VariationR fer 128 samples; |

(2) Computation for chorus is executed by collecting Chorusl. and
ChorusR for 128 samples; and

(3) _Computation for reverberatiépn is executed by collecting Rev for
128 samples. '

Therefore, access must be frequently made to the data areas arranged
intermittently in the waveform generating buffer, thereby increasing the



sanpl es are wei ghted such that values:of DryL, DryR, .and Rev of each sanple
are respectively nultiplied with predeterm ned coefficients. The wei ghted
sanples are stored in the waveform generating buffer of FIG 9B. Next, 128
sanpl es of the second channel are generated, the generated sanples are
wei ghted, and the wei ghted sanples are accunul ated in the waveform
generating puffer of FIG.9B. Then, 128.sanples of the thitd channel are
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processing such as channel assignment and parameter conversion according
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to the inputted performance information. In addition, the CPU supplies a
converted parameter and a sounding start command (note-on command) to
an assigned channel in the sound source. The sound source generates
music tone waveforms based on the supplied parameters. For the sound
source, hardware such as an electronic circuit is used. The above-
mentioned conventional setup inevitably makes the music tone generator
dedicated to the music tone generation. Consequently, the generation of
music tones requires to prepare a dedicated music tone generator. In
generating music tones by a general-purpose processor such as a personal
computer, a dedicated sound source is attached externally. Alternatively,
an extended board having several IC chips such as a music tone generating
chip for generating music tone waveforms, a waveform ROM for storing
waveform data, and a coder/decoder (CODEC) composed of an A/D
converter, a D/A converter, a FIFO buffer, and an interface circuit is
connected to the personal computer for music tone generation.

Recently, a music tone generating module or a so-called software
sound source has been proposed in which the operations of the '_above-
mentioned hardware sound source are replaced by sound source processing
based on a computer progra.m and performance processing, and the sound
source processing are executed by the CPU. The performance processing
herein denotes processing equivalent to the above-mentioned sound source
driver processing in which, based on the inputted information such as MIDI
data, control information for controlling music tones is generated. The

sound source processing herein denotes praocessing in which, based on the



Sofre processors used for the software:sound source have an internal or
external cache nenory. However, a data structure of the waveform generating
buffer as shown in FIG 9B easily causes cache m ss at waveform generation,
especially, at conputation by software effector. For exanple, in the
exanple of FIG 9B, the software effect0r for calculating reverberation
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these sound sources, it is required to separately prepare a sound source

processing program corresponding to each type. This gives rise to a

problem of significantly increasing the storage capacity for storing the

sound source processing programs and waveform data necessary for sound
processing. |

Another problem is that, since there is no standard data format for

these sound sources, it is impossible to synthesize music tones by an

a.lgorithm in which the different sound sources such as mentioned above are

integrated with each other.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a music
tone generating apparatus and a music-tone generating method capable of
performing waveform synthesis computations at speeds higher than before
in a software sound source that is realized by a CPU capable of executing a
plurality of operations with a single instruction.

It is another, object of the present invention to provide a music tone
generating apparatus and a music tone generating method capable of
dynamically altering the sequence of effect attaching processing
computations. | P

It is still another object of the I;i'esent invention to provide a music
tone generating apparatus and a music tone generating method in which

cache miss hardly occurs jat waveform generation, especially at effect



intermttently in the waverm generating buffer, thereby increasing the 5
chance of cache mss, and seriously |owering processing efficiency. A
conventional rnusic apparatus is generally conposed of a M D (Misica
Instrunent Digital Interface), a perforg?nce message section in which
performance information is inputted froma keyboard or a sequencer, a sound

(CPU) for GUFRUME HOTRHELEHOR [od SOTCAS dOMBIC SOUHGE: JIRTeBY enhancing
per f or mancei ' [gggg nd source driver processing
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paraneter and a soundjng start _ command _(note-on command) to an assigned
channel i ntene generatingmethathdhadurenlizesr s softweressesndusoureeiased on a

wavef orns based.on the supplied paraneters., For..{t he soynd source, -hardware
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set up inevbhggb% kes the music tone generator dedicated to the nusic tone
generati on. nseéquently, the generation of nusic tones requires to prepare

a dedi cat ed nusilg i§ enfurgheerobject of theqsesent Maventioa topesvide 8 music tone
gener al - pur pose processor such as a personal conputer, a dedicated sound
source is genevaldugemethodl ¢capablet of synthesizing music tones by an algorithm in
which a plurality of software sound sources are integrated with each other.
According to a first aspect of the invention, a music apparatus
comprises a processing unit of a universal type having an extended
instruction set used to carry out parallel computation steps in response to a
single instruction which is successively issued when executing a program, a
software module defining a plurality of channels and being composed of a
synthesis program executed by the processing unit using the extended
instruction set so as to carry out synthesis of waveforms of musical tones
through the plurality of the channels such that the plurality of the channels
are optimally grouped into parallel sets each containing at least two
channels and such that the synthesis of the waveforms of at least two
channels belonging to each parallel set are carried out concurrently by the
parallel computation steps, a buffer memory for accumulatively storing
the waveforms of the plurality of the channels, another software module
composed of an effector program executed by the processing unit using the
extended instruction set if the effector program contains parallel
| computation steps to apply an effect to the waveforms stored in the buffer
memory, and a converter for converting the waveforms into the musical
tones. ' |
Preferably, the processing unit executes the synthesis program so as
" to carry out the synthesis of the waveforms, the synthesis including one
type of the parallel computation steps treating a relatively great
computation amount so that the plurality of the channels are optimally
grouped into parallel sets each containing a relatively small number of



an- ext ended board havi ng several |'C chips such as a nusic tone generating
chip for generating nusic tone waveforns, a waveform ROM for storing
wavef orm data, and a coder/decoder (CODEC) conposed of an A/ D converter, a
D/ A converter, a FIFO buffer, and an intgrface circuit is connected to the
personal conputer for nusic tone generatq on. Recently, a nusic tone
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a trigger signal at a relatively slow rate to define a frame period between
successive trigger signals, periodically providing a sampling signal at a
relatively fast rate such that a plurality of sampling signals occur within
one frame period, carrying out continuous synthesis in response to each
trigger signal to produce a sequence of waveform samples of the musical
tones for each frame period according to the provided performance
information, the continuous synthesis being carried out using the extended
instruction set such that the plurality of the channels are optimally grouped
into parallel sets each containing at least two channels so that the
continuous synthesis of the waveform samples of at least two channels
belonging to each parallel set are carried out concurrently by the parallel
computation steps, and converting each of the waveform samples in
response to each sampling signal into a corresponding analog signal to
thereby generate the musical tones.

According to a second aspect of the invention, a music apparatus for
generating musical tones by means of a software, comprises a processor that
periodically works each frame period for executing the software to carry out
synthesis of a set ©f waveform samples allotted to one frame period, a buffer
having a capacity sufficient to store the waveform samples allotted to one
frame period, the buffer being used as a working area by the processor for
storing a temporary set of the waveform samples which are treated by the
processor during the course of the syntiiesis and for storing a final set of the
waveform samples which are obtained upon completion of the synthesis, a
cache having a capacity sufftcient to store a.subset of the waveform samples



The software sound sources as mnenti oned above are classified into various
types according to a nethod of sinulating an acoustic nusical instrunent;
for exanple, PCM sound sourcing, FM sound source, and physical nodel sound
source. To synthesize nusic tones in any type of these sound sources, it is
required to separately prepare a sound source processing program
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i nstructi osamples storedtinethebuéfer intotthe musivabttoneyention to provide a
musi ¢ tone generating apparatus_and a nusic tone generating nmethod capabl e

of dynani cal | y Eurthemdheinvenfive sausic apparatus: ésing aprocessnrsteo generate
comput ati ofSisical tones, comprises a synthesis module periodically executed by the
processor at each frame period so as to carry out synthesis of a set of
waveform samples allotted to one frame period,a plurality of buffers each
having a capacity sufficient to store the set of the waveform samples
allotted to the same frame period after the synthesis, a plurality of effector
modules each being linked to a corresponding one of the buffers, each
effector module being executed by the processor to carry out modification of
the set of the waveform samples reserved in the corresponding buffer to
create a different effect, a mixer module executed by the processor to.ca.rry
out computation of one set of the waveform samples stored in one buffer
with another set of the waveform samples stored in another buffer so as to
mix different effects, a controller that provides an total effect algorithm for
instructing the processor to execute the effector modules and the mixer
module in a predetermined sequence to create a total effect which is desired
mixture of the different effects, and that designates one of the buffers to
store the set of the waveform samples after completion of the modification
and the computation, and a converter for converting the set of the
waveform samples stored in the designated buffer into the musical tones
with the total effect.

Preferably, the mixer module is executed by the processor to carry
out computation of adding one set of the waveform samples stored in one
buffer to another set of the waveform samples stored in another buffer by a
desired ratio so as to mix different effects, the set of the waveform samples

being reserved in said another buffer after the computation.



It-is still another object of the present invention to provide a nusic tone
generating apparatus and a nusic tone generating nethod in which cache m ss
hardly occurs at waveform generation, especially at effect 7 attaching

cohputation in a software sound source, fhereby enhancing conputational and
processing efficiencies. It is yet anotﬁer obj ect of the present invention
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> Preferably, the inventive music apparatus further comprises a cache

having a capacity sufficient to store a subset of the waveform samples which
is an integer division of the set of the waveform samples allotted to one
frame period such that the capacity of each buffer is set to an intéger
multiple of the capacity of the cache, the cache being hit by the processor
before the buffer is addressed by the processor so as | to carry out the
synthesis of each subset of the waveform samples more efficiently than that
each buffer is otherwise addressed by the processor.

The inventive method of generating musical tones according to
performance information through a plurality of channels, comprises
successively providing performance information to command generation of
musical tones, periodically providing a trigger signal at a relatively slow
rate to define a frame period between successive trigger signals, periodically
providing a sampling signal at a relatively fast rate such that a plurality of
sampling signals occur within one frame period, carrying out continuous
synthesis in response to one trigger signal to produce a set of waveform
samples of the musical tones through the plurality of channels for one frame
period according to the provided performance information, accessing a
buffer having a cdpacity sufficient to store the waveform samples allotted to
one frame period, the buffer being used as a working area by the processor
for storing a temporary set of the waveform samples which are treated by
the processor during the course of the cgpntinuous synthesis and for storing a
final set of the waveform samples which are obtained upon completion of
the continuous synthesis and which are accumulated throughout the
plurality of the channels, # addressing a cache having a capacity



t hrough the plurality of the channels:such that the plurality of the
channels are optimally grouped into parallel sets each containing at |east
two channel s and such that the synthesis of the waveforns of at |east two
channel s bel onging to each parallel set r@re carried out concurrently by the
paral l el conputation steps, a buffer nmenmdry for accunul atively storing the
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are optimally grouped into parallel sets each containing a relativel'y great
info a corresponding analog signal to thereby generate the musical tones.

The inventive method of generating musical tones according to
performance information, comprises sucéessively providing performance
information to command generation of musical tones, periodically
providing a trigger signal at a relatively slow rate to define a frame period
between successive trigger signals, periodically providing a sampling signal
at a relatively fast rate such that a plurality of sampling signals occur
within one frame period, periodically executing a synthesis module at each
frame period in response to each trigger signal so as to carry out synthesis of
a set of waveform samples allotted to one frame period, addressing a
plurality of buffers each having a capacity sufficient to store the set of the
waveform samples allotted to the same frame period after the synthesis,
executing a plurality of effector modules each being linked to a
corrésponding one of the buffers to carry out modification of the set of the
waveform samples reserved in the corresponding buffers to create different
effects, executing a mixer module executed to carry out computation of one
set of the waveform samples stored in one buffer with another set of the
waveform samples stored in another buffer so as to mix different effects,
providing an total effect algorithm for instructing execution of the effector
modules and the mixer module in a predetermined sequence to create a
total effect which is-desired mixture of the different effects, designating one
of the buffers to store the set of the waveform samples after completion of
the modification and the computa.tibn, and converting each of the waveform
samples stored in the designated buffer in response to each sampling signal
into a corresponding analog signal so as to generate the musical tonés with



nupber of channels. The inventive nmethod of generating nusical tones
according to performance information through a plurality of channels by
paral |l el conputation steps, conprises successively providing
pefformance information to conmand genefation of nusical tones,
periodically providing a trigger signal at a relatively slowrate to define
a franme peniod het successive trigger signals, periodically providing a
sanpl i ng (satlr%eng?t te\f%%lﬂel atively fast rate such that a plurality of sanpling
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successive trigger signals, periodically providing a sampling signal at a

relatively fast rate such that a plurality of sampling signals occur within
one frame period, executing the first synthesis program by the processor at
one frame period so as to carry out synthesis of each set of waveform
samples allotted to one frame period through each channel of the first group
such that the subroutine program runs to process the waveform samples
during the synthesis, each set of the waveform samples being reserved in a
buffer after the synthesis, executing the second synthesis program by the
processor at one frame period so as to carry out synthesis of each set of
waveform samples allotted to one frame period through each channel of the
sécond group such that the subroutine program runs to process the
waveform samples during the synthesis; each set of the waveform samples
being reserved in a buffer after the synthesis, and converting each of the
waveform samples reserved in the buffer in response to each sampling signal
into a corresponding analog signal so as to generate the musical tones.
Preferably, #the step of loading includes selecting at least one of
~ subroutine programs which are designed for reading out waveform samples
from a wave table, for filtering the waveform samples to modify the music
tones, for creating an envelope of the waveform samples, for controlling an
amplitude of the waveform samples, and for accumulating each set of the
waveform samples into the buffer.
#



havi ng a capacity sufficient to store the waveform sanples allotted to one
frame period, the buffer being used as a working area by the processor for
storing a tenporary set of the waveform sanples which are treated by the
processor during the course of the synt tfﬁsi s and for storing a final set of
t he wavef orm sanpl es whi ch are obtai ned™upon conpl etion of the synthesis, a
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The inventive method using a processor for generating musical tones
through groups of channels according to performance information,
comprises the steps of loading a first synthesis program prepared for a first
group of channels and a second synthesis program prepared for a second
group of channels, successively providing performance information to
command generation of musical tones, periodically providing a trigger
signal at a relatively slow rate to define one frame period between
successive trigger signals, periodically providing a sampling signal at a
relatively fast rate such that a plurality of sampling signals occur within
one frame period, executing the first synthesis program by the processor at
one frame period so as to carry out synthesis of each set of waveform
samples allotted to each channel of the first group such that each set of the
waveform samples belonging to the first group is preceding reserved in a
buffer, executing the second synthesis program by the processor at the same
frame period so as to carry out synthesis of each set of waveform samples
allotted to each channel of the second group such that each set of the
waveform samples belonging to the second group is succeeding reserved in a. -
buffer after each set of the waveform samples belonging to the first group is
reserved, and converting each of the waveform samples reserved in the
buffer in response to each sampling signal into a corresponding analog
signal so as to generate the musical tones.

The inventive method using a processor for generating musmal tones
according to performance information, comprises the steps of loading a



nodul es each being linked to a correspondi ng one of the buffers, each

ef fector nodul e being executed by the processor to carry out nodification
of the set of the waveform sanples reserved in the corresponding buffer to
create a different effect, a m xer nodul e executed by the processor to
carry out conputation of one set of théAMaveforn1sanples stored in one
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omout al | ane framg DeROd, executing the synthesis program by the Processor &t one
frame period so as to carry out synthesis of a set of waveform samples
allotted to one frame period such that the subroutine program runs to
process the waveform samples during the synthesis, the set of the waveform
-samples being reserved in a buffer after the synthesis, executing the effector
program by the processor at one frame period so as to carry out
modification of the set of the waveform samples reserved in the buffer to
create a desired effect such that the subroutine program runs to process the
waveform samples during the modiﬁcation,. each set of the waveform -
samples being reserved in a buffer after the modification, and converting
each of the waveform 'samples reserved in the buffer in response to each
sampling signal into a corresponding analog signal so as to generate the
musical tones together with the desired effect.

The inventive method using a processor for generating musical tones
according to performance information, eomprises the steps of arranging an
algorithm to designate desired ones of subroutine programs provisionally
stored in a memory, assembling a synthesis program according to the
algorithm such that the synthesis program contains call instructions for
calling the designated subroutines from the memory, successively providing
performance information to command generation of musical tonés,
periodically providing a trigger signal at a relatively slow rate to define one
frame period between successive trigger signals, periodically providing a
sampling signal at a relatively fast rate such that a plurality of sampling
signals occur within one frame period, executing the synthesis program by
the processor at one framejperiod so as to. carry out synthesis of a set of



Preferably, the m xer nodule is commonly utilized to carry out the

conput ati on between any pair of the buffers as specified by the total
effect algorithm Preferably, the controller conprises an editor that edits
thée total effect algorithmto arrange tttaﬁ sequence by which the processor
sequential ly executes sel ected ones of e effector nodul es and the m xer
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an electronic musical
instrument to which a music tone generating apparatus and a music tone
generating method both associated with the present invention is applied;

FIG. 2 is a diagram for explaining principles of generating music
tones by a software sound source;

FIG. 3 is a diagram illustrating packing of data for four channels;

FIG. 4 is a diagram illustrating an example of an algorithm for timbre
filtering of each channel;

FIG. 5 is a diagram illustrating an example of an algorithm for effect
processing;

FIGS. 6A and 6B are detailed diagrams illustrating an APn and a
CFn of FIG. 5; .

FIGS. 7A and 7B show flowcharts of a main routine and a note-on
event routine;

FIGs. 8A, 8B and 8C show flowcharts of a waveform generating
routine, a routine for generating waveforms for four channels and for one
frame, and a DMAC processing routine;

FIGS. 9A and 9B are a diagram illustrating an example of
constitution of a waveform generating buffer associated with the present



sanpl es of the nusical tones through the plurality of channels for one
frame period according to the provided performance information, accessing a
buffer having a capacity sufficient to store the waveform sanples allotted
toone frane period, the buffer being qﬁfd as a working area by the
processor for storing a tenporary set of the waveform sanpl es which are
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FIG. 13 shows a flowchart for explaining note-on event processing;
FIG. 14 shows a flowchart for explaining sound source processing;
FIGS. 15A, 15B and 15C show flowcharts for explaining music tone
generation processing by various sound sources;
FIG. 16 shows a flowchart for explaining reverberation processing;
FIG. 17 is a diagram for explaining a music tone synthesizing
algorithm in a music fone generating apparatus to which the present
invention is applied; .
FIG. 18 is a diagram for explaining an algorithm of PCM sound
source; ' .
FIG. 19 is a diagram for explaining an algorithm of reverberation
_processing;
FIG. 20 is a diagram illustrating an example of memory map; _
FIG. 21 is a diagram for explaining setting of a waveform generating
program;
FIG. 22 is a diagram for explaining setting processing;
FIGS. 23A,:23B and 23C are flowcharts for explaining setting of basic
elements in various sound sources; and

FIG. 24 is a flowchart for explaining setting of an effect program.
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| DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
This invention will be described in further detail by way of example
with reference to the accbmpanying drawings. Now, referring to FIG. 1,



providing a trigger signal at a relatively slowrate to define a frane

peri od between successive trigger signals, periodically providing a
sanpling signal at a relatively fast rate such that a plurality of sanpling
signals occur within one franme period, Pfriodically executing a synthesis
nodul e at each franme period in response to each trigger signal so as to
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The CPU 101 controls operations of the entire electronic musical

instrument. The CPU 101 has an extended instruction set capable of
executing a plurality of operations with a single instruction in parallel.
more specific, data handled by a 64-bit register in the CPU is divided into
four pieces of 16-bit data. The above-mentioned instruction set has an
instruction that can simultaneously handle these four pieces of 16-bit data.
Alternatively, the 64-bit data is handled as two pieces of 32-bit data. The
instruction set has an instruction that can simultaneously handle these two-
pieces of 32-bit data.

The ROM 102 stores a control program such as a program of the
software sound source including a software effector executed by the CPU
101 and various parameter data. The ROM 102 also stores waveform data
(namely, waveform sample data sampled at a predetermined rate) used
for generating a music tone by executing the software sound source program
by the CPU 101. It should be noted that the control program, various
parameter data, and waveform data may be prepared in the RAM 103
instead of the ROM 102. In this case, the control program and data are
supplied from an external storage medium 105 such as a CD-ROM or the
network I/O interface 107. The supplied program and data are loaded
into the RAM 103 or stored in the hard disk 110. The RAM 103 has work
areas such as various registers, a waveform generating buffer, and
reproducing buffers. The drive unit 104 inputs and outputs various data



12-the total effect. According to a third aspect of the invention,a nethod
using a processor for generating nusical tones through groups of channels
according to performance information, conprises the steps of |oading a
fifst synthesis program prepared for a fjgrst group of channels and a second
synt hesi s program prepared for a second group of channels together with a
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commands necessary for controlling music tone generation.

'_ The F's generator 111 generates a sampling clock having frequency Fs
supplied to the sound I/O 112. The sound I/O 112 is made up of an LSI
called a coder/decoder (CODEC). The sound I/O 112 has an analog-to-
digital (A/D) converting capability and a digital-to-analog (D/A)
converting capability. An analog music tone signal from an external input
source 113 is inputted in a A/D input terminal of the sound I/O 112, and
the sound system 115 is connected to a D/A output terminal of the sound
I/O 112. The sound I/O 112 incorporates two stack areas of FIFO (First-

~ In, First-Out). One of the stack provides an input FIFO for holding the
digital waveform data inputted via the A/D input terminal. The other
provides an output FIFO for holding the digital waveform data outputted
via the D/A output terminal. -
The analog music tone signal inputted from the external input source
113 into the A/D input terminal of the sound I/O 112 is A/D-converted
according to the sampling clock of frequency Fs. This signal may be
compressed by ADPCM (Adaptive Differential Pulse Code Modulation) if
required. The resultant digital signal is written into the input FIFO. If
the input FIFO has waveform data, the sound I/O 112 requests the DMA
controller 114 for proc&séing the waveform data. In response to the
request, the DMA controller 114 transfers the data to a previously allocated
recording buffer area in the RAM 103. The DMA controller 114 performs
this data transfer by causing a hardware interrupt on the CPU 101 every



wavef orm sanpl es during the synthesis; each set of the waveform sanpl es
being reserved in a buffer after the synthesis, and converting each of the
wavef orm sanpl es reserved in the buffer in response to each sanpling signal
into a correspondi ng anal og signal so 3§9t0 generate the nusical tones.
Preferably, the step of |oading includes selecting at | east one of
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output FIFO is emptied. At this moment, the sound I/O 112 requests the
DMA controller 114 for capturing the waveform data. The CPU 101
generates waveform data outputted beforeharid, stores the generated
waveform data in the reproducing buffers PB0 and PB1 in the RAM 103,

and requests beforehand the DMA controller 114 for reproducing that

waveform data. The DMA controller 114 causes an interrupt on the CPU
101 every sampling clock F's to allocate the bus line 116, and transfers the
waveform data in the reproducing buffer of the RAM 103 to the output
FIFO of the sound I/O 112. The transfer of the waveform data by the
DMA controller 114 is transparent to the CPU 101. The waveform data
written into the output FIFO is sent to the sound system 115 every
sampling clock F's,and sounded as mentioned above.

The software sound source is realized by execution of the music tone
generating software stored in the ROM 102 by the CPU 101. From the
viewpoint of an application that uses the software sound source, the music
tone generating software is registered as a driver. Next, the driver is
started and a MIDI (Musical Instrument Digital Interface) event message
representing various music performance is outputted to an API
(Application Program Interface) associated with a predetermined software
sound source to make the software sound source perform various processing
operations associated with music tone generation. The CPU 101 is a
general-purpose processor, and hence, performs other processing such as
placing the performance message or MIDI event to the API besides the
software sound source processing. The processing for giving the
performance message to the API by the- CPU 101 includes outputting



The inventive method using a processor for generating nusical tones through
groups of channels according to performance information, conprises the
steps of loading a first synthesis program prepared for a first group of
channel s and a second synt hesi s progr am,pr epar ed for a second group of
channel s, successively providing perforniance informtion to conmand
generation_of,. nusical tones eriodicall roviding a trigger signal at
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through S4 denote time intervals in each of in which a predetermined

number of samples (for example, 2 x 128 samples) are reproduced. Each
downward arrow on the line of ”performance message” denotes a
performance message occurring at an indicated time. The performance
message includes various MIDI events such as note-on, note-off, after-touch,
and program change, which are inputted in the API associated with the
above-mentioned software sound source. In the example of FIG. 2, three
performance messages take place in frame S1, two in frame S2, and one in
frame S3. The software sound source can simultaneously generate a
plurality of music tones through a plurality of MIDI channels. The
software sound source is adapted to control the music tones by software
sound source registers for the plurality of channels prepared in the RAM
103, When a note-on event is inputted as a performance message, the
software sound source performs tone assignment to the software sound
source registers corresponding to the channels. T_hen, the software sound
source writes the various data and the note-on to the software registers for
controlling the sounding at the assigned channels associated therewith.
When a note-off event is inputted as a performance message, the software
sound source writes the note-off to the software sound source register
associated with the channel concerned. The software sound source also
writes a performance message such as alteration of after-touch other than
note-on and note-off to the software sound source register corresponding to



14. synt hesi s program and an effector programtogether with a subroutine
‘programutilized commonly for both of the synthesis program and the

ef fector program successively providing performance information to comand
geheration of nusical tones, periodical Y providing a trigger signal at a
relatively slowrate to define one frane period between successive trigger
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channels set to the software sound source registers. According to the

performance message, the software sound register is rewritten. On the
other hand, the frame in which no performance message exists holds old
data written to the software sound source registers in the past. Therefore,
in each of the frames 201 through 204 of waveform generation, a waveform
synthesis computation for an performance message detected in the frame
immediately before or a frame before that is executed. Since a hardware

- interrupt is caused between frames, the waveform synthesis computation in
each frame is triggered by this interrupt.

For example, for the three performance messa.ges detected in frame S1,
the waveform synthesis computation is triggered in the section 202 by the
first frame interrupt in the following frame S2. Based on a result of this
waveform synthesis computation, the CPU 101 generates the waveform
data in the waveform generating buffer in the RAM 103. This waveform
data is accumulated throughout the plurality of channels, and attached
with an effect. The waveform data thus generated is written to the
reproducing buffer areas in the RAM 103. These buffer areas are denoted
by PBO0 and PB1 of the same size arranged at continuous addresses. These
buffer areas are called double buffers. The buffers PB0 and PB1 are used
alternately for each frame. For example, the waveform data generated in
the section 201 allotted to the frame S} is written to the reproducing buffer
area PBO in the RAM 103. The waveform data generated in the section
202 allotted to the frame S2 is written to the reproducing buffer area PB1.
The waveform data generatgd in the section 203 allotted to the frame S3 is



musi cal tones together with the desired effect. The inventive nmethod using
a processor for generating nusical tones according to performance

i nformati on, conprises the steps of arranging an algorithmto designate
desired ones of subroutine programs proyjsionally stored in a menmory, .
assenbling a synthesis program according to the algorithmsuch that the
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FIG. 2. more specific, the waveform data generated in the frame S1 and
written to the PBO0 is read out in the following frame S2. The waveform
data generated in the frame S2 and written to the PB1 is read out in the
following frame S3. The waveform data generated in the frame S3 and
written to the PBO0 is read out in the following frame S4. Thus, the
waveform data written to the PB0 and the PBL1 is alternately read out for
reproduction. The reading and reproduction are performed by the DMA
controller 114 by causing an interrupt on the CPU 101 every sampling clock
Fs to transfer the waveform data in the reproducing buffer (the PBO or the
PB1 whichever is specified) in the RAM 103 to the output FIFO of the
sound I/O 112. The frame interrupt is caused at occurrence of return,
namely, at the end of reproduction of the PB1, when the reproducing
buffers PB0 and PB1 are read out in a loop the frame interrupt also occurs
at passing the intermediate point of the.loop reading, namely, at the end of
the reproduction of the PB0. The frame interrupt is a hardware interrupt
caused by the sound I/O 112, indicating the point of time at which
reproduction of one frame has been completed. Namely, the sound I/O
112 counts the number of transferred saniples, and causes a frame interrupt

. every time the number of samples equivalent to a half of the size of the
reproducing buffers, namely a half of the total size of both the PB0 and the
PB1, are transferred. The number of transferred samples are those
transferred by the DMAC 114 from the PB0 and the PB1 to the output
FIFO of the sound I/O.



the nusical tones together with the desired effect. The above and ot her
obj ects, features and advantages of the present invention wll|l becone nore
apparent fromthe acconpanying drawi ngs, in which |like reference nunerals
aré used to identify the sane or sim’la5 parts in several views. BRI EF
DESCRI PTION OF THE DRAWNGS FIG 1 is a %I ock diagramillustrating an
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generating nusic tones by a software 'sound source; FlI 3 is a diagram
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channel s hefwave?m'mrgemraﬁing Probee oo oneschanneliis wemposed of address

generation, waveform sample  reading, interpolation, filtering, volume
control, and accumulation. In the present einbodiment, these processing
operations are executed for the plurality of channels simultaneously.

FIG. 3 shows a diagram illustrating a method of packing data for four
channels. According to the above-mentioned extended instruction set of
the CPU 101, 16 bits x 4 data are set to one 64-bit register, on which
arithmetic operations such as multiplication, addition, and subtraction can
be performed simultaneously with 16 bits x 4 data held in another 64-bit
register. FIG. 3 shows an example of multiplication between these data.
The data processing for the plurality of channels is divided into groups of
four channels, and the processing operations for the four channels belonging
to the same group is performed simultaneously. The four channels
processed simultaneously are denoted by —4 x (n — 1) + 1” through -4 xn".

FIG. 4 shows an example of an algorithm of timbre filter processing in -
each sounding channel. As seen from FIQ. 4, this timbre filter processing
is genera.lly constituted by addition and multiplication. Therefore, use of
the above-mentioned extended instruction set for processing the 16 bits x 4
data in parallel can execute the timbre filter processing operations for four
channels in parallel simultaneously. Delay processing by delay circuits d1
and d2 may be performed by writing the 16 bits x 4 = 64-bit data to a
predetermined address beforehand,and by reading the same at adesired
delay. - p

FIG. 5, FIGS. 6A and 6B show examples of algorithms of effect
processing. Effect processing is not performed for each cha.nnel, but is
performed after generating # waveform for each channel, accumulating the



FIGS. 9A and 9B are a diagram illustrating an exanple of constitution of a

wavef orm generating buffer associated with the present 16 invention and
an exanple of a constitution of a conventional waveform generating buffer;
FIG 10 is a diagramillustrating an ex | e of an al gorithm of operations

i ncluding music tone generation by a software sound source. and channel
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invention Ts applie
executable in parallel are treatde by the extended instruction set as much

as possible, thereby increasing the processing speed. For example,
computations (m4, m5, a5) and (m6, m7, a6) of FIG. 6A and (m9, m10, a7)
of FIG. 6B are executed with a single instruction. Sometimes, instead of
the algorithms of FIGS. 5, 6A and 6B, effect processing in which the same
processing is performed on the outputs of stereophonic left and right
channels. In this case, the effect processing operations for the outputs of
stereophonic left and right channels can be performed at the same time by
using an extended instruction set that processes 32 bits x 2 data
simultaneously.

The following describes the processing procedure of the CPU 101 of
the above-mentioned electronic musical instrument with reference to the
flowcharts of FIGS. 7A and 7B, and FIGS. 8A, 8B and 8C.

FIG. 7A shows a procedure of a main routine associated with tha
software sound source contained in the control 'progra.ms of the CPU 101.
This main routine is registered in the OS (Operating System) as a software
sound source driver. To generate a music tone by using a software sound
source, this driver or the processing of FIG. TA is first started to make valid
the API associated with the software sound source beforehand. As shown
in FIG. 7A, various initializing operations are performed in step 701. In
this initialization, the reproducing buffers PB0 and PB1 are cleared, and
the sound I/O 112 and the DMAC 114 are instructed to read the
reproducing buffers PB0 and PB1 alternately as described in FIGS. 1 and 2,
thereby starting the processing for reproduction beforehand. Then, in step
702, the CPU checks whether there is any trigger. If, in step 703, a trigger
is found, the process goes to step 704. If no trigger is found, the process



FIG 18 is a diagramfor explaining an algorithmof PCM sound source; FIG
19 is a diagram for explaining an algorithm of reverberation processing;
FIG 20 is a diagramillustrating an exanple of nenory map; FIG 21 is a

di agram for expl ai ni ng setting of a wavgformgenerating program FIG 22 is
a diagram for explaining setting procesSing; FIGS 23A, 23B and 23C are
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accorrpanylwgthlrthmsnﬁlswal‘@souméfseurcelg to FIG 1, 17 there is shown a
bl ock diagrami Iustr i.ng. a troni ¢ nusi cal trupent to which a
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The el ect rRIFD] Beht2the"MIDTPtocB&ing 6£3té3!705 is performed and then the
process goes back to step 702. This MIDI event input and the MIDI
processing of step 705 correspond to the acceptance of the performance
message of FIG. 2. If, in step 704, the trigger is found a frame interrupt
corresponding to completion of one-frame reproduction, the waveform
generation processing of step 706 is performed and then the process goes
‘back to step 702. The frame interrupt is a hardware interrupt that is
caused every time the sound I/O 112 completes one-frame reproduction.
The waveform generation processing of step 706 is the processing for
performing the waveform synthesis computation shown in sections 201
through 204 of FIG. 2. In this waveform generation processing, the
waveform data for one frame are generated and written to the reproducing
buffers PBO and PBI1, alternately. The waveform data for one frame
contain the number of waveform samples equivalent to a half of the total
size of the reproducing buffers PB0 and PB1. If the trigger found in step
704 is another request, the processing according to the trigger is performed
in step 707 and then the process goes back to step 702. Especially, if
sampling of the external input source 113 by the sound I/O 112 is
instructed, changing of software effector algorithm setting is instructed, or
setting of a weighting coefficient for specifying the signal transmission level
of each of the three routes outputted from the waveform generation
processing to the effect attaching processing is instructed, corresponding
processings are performed in step 707. If the trigger found in step 704 is a
request for ending the software sound spurce, end processing is performed in
step 708, upon which the main routine ¢omes to an end.
FIG. 7B shows a procedure for the note-on event processing, which is
one of the MIDI processes egecuted when a.note-on is inputted at step 704.



processing unit (CPU) 101, a read-only nenory (ROM 102, a random access
menory (RAM 103, a drive unit 104 of disks, a tinmer 106, a network

i nput/output (I1/0O interface 107, a keyboard 108, a display 109, a hard

di 3k 110, a sanpling clock (Fs) generat gg 111, a sound 1/0 112, a DVA
(Direct Menory Access) controller 114, sound system 115, and a bus |ine
116. The : - C o) 1O, t i t i L:cal
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suppl i ed f pesmAer axtensiortd abovere dNamelp5for abtevih eGBnRPdoresding, note-
off is set to the software sound source register corresponding to the

sounding channel concerned. For other performance messages, data
corresponding to the performance message concerned is written to the
software sound source register corresponding to the sounding channel
concerned.

FIG. 8A shows a detailed procedure of the waveform generation
processing of step 706. First, in step 801, the preparation for computation
is performed. This includes the processing for recognizing a channel for
which a waveform synthesis computation is performed with reference to the
software sound source register, the processing for determining to which of
the reproducing buffers PB0 and PB1 the waveforms for one frame
generated by the waveform synthesis computation performed this time is
set, and the processing for making preparations for the computation such as
clearing all areas in the waveform generating buffer. Next, in step 802, ”1”
is set to a work register n and the process goes to step 803.

In step 803, waveform samples for four channels 4 x (n - 1) + 1”
through 4 x n” are generated. In step 804, it is determined whether
channels to be computed still remain. If such a channel is found, the value
of the work register n is incremented and the process goes back to step 803.
This operation is repeated until the waveform generation is performed for
all channels to be computed. It should be noted that, since the

waveform generation is performed in units of four channels, computation of



network 1/O-interface 107. The supplied programand data are | oaded into
the RAM 103 or.stored in the hard disk 110. The RAM 103 has work areas such
as _various registers, a waveform generating buffer, and reproducing
buffers. The drive unit 104 inputs and #ut puts various data 18 with the
external storage nedium 105 such as a f1oppy disk (FD) and a flush card.
The hard disk.11Q is_a orage.devige for storing varjoQus data; Thestine
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112 has angemedatedt wavaformal forAOme frameeris iregerahiin step 80d. a This is the

digital-to-analog (D/A) converting capabil{ty. An anal og sic tone sjgnal

from an exPEQGESSING) copying the generate& Waveform samples fo one o g{;he
reproducing buffers PB0 and PB1 not currently in use for reproduction.
Since the processing for alternately reading the reproducing buffers PB0
and PB1 for reproduction has been started in step 701, it is satisfactory to
only copy the generated waveforms to the reproducing buffer currently not
use for reproduction.

FIG. 8B shows a detailed procedure of generating one-frame
waveforms for four channels performed in step 803 of FIG. 8A. In step
811, address generation for two of the above-mentioned four channels is
performed and address generation for the remaining two chanmels is
performed in step 812. The address generated here is a read address of
the waveform data. In the present example, the address is prepared in the
ROM 102. The address generated is longer than 16 bits, and therefore is
generated in units of two channels. This is the parallel processing of two
channels, hence the CPU 101 uses an extended instruction set for prooessing
32 bits x 2 data in parallel.

Next, in step 813, the waveform samples are read out. It should be
noted that, in the interpolation processing, linear interpolation using two
samples is perforipned in each channel. Therefore, two waveform samples
are read out for each channel, resulting in that the waveform samples for
four channels are read out at one sequence. In step 814, the interpolating
operations are perfbrmed for these four channels in paralle]l. Namely, the
linear interpolation using two successi\;é samples is performed. In step 815,
filtering operations (FIG. 4) are performed for the four channels in parallel.

‘In step 816, the processing operations for volume control and channel



source 113 is inputted in a AADinput termnal of the sound I/0O 112, and
the sound system 115 is connected to a D/A output termnal of the sound I/0O
112. The sound 1/0O 112 incorporates two stack areas of FIFO (First- In,
FiFst-Qut). One of the stack provides a?einput FI FO for hol ding the digital
waveform data inputted via the AAD input term naI The ot her provides an
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processing 16 bits x 4 data in parallel. Next, in step 817, it is determined

whether the waveform samples for one frame have been generated. The
number of samples for one frame is 128 sets by counting XL, XR, and XX as
one set. If the generation has not yet been completed, the process goes
back to step 811, in which a next waveform sample is generated. When
the samples for one frame have been generated, the one-frame waveform
generation processing comes to an end.

The following describes the processing of the DMA controller 114
during the reproduction with reference to the flowchart of FIG. 8C. At
reproduction, a sample request interrupt (one of the hardware interrupts) is
issued every sampling period by the sound I/O 112. Accordingly, the
DMA controller 114 performs the processing of FIG. 8C. First, in step 821,
one sample stored in the reproducing buffers PB0 and PB1 is sent to the
output FIFO of the sound I/O 112. The waveform data written to the
output FIFO is D/A-converted every sampling period as described with
reference to FIG. 1, and the resultant analog signal is sent to the sound
system 115. It should be noted that "DMAB” in step 821 denotes the
réproducing buffers PBO and PB1. Because the reproducing buffers PB0
and PB1 can be regarded as the buffers of the DMA, this notation DMAB is
used. Next, in step 822, a pointer p is incremented to end the processing.
The pointer p is used for reading one sample form the reproducing buffers
PBO and PB1. Thus, while incrementing the pointer p, one sample is
passed from the reproducing buffers PBO and PB1 every sampling period to
the sound I/O 112. It should be noted that the pointer p is incremented



On- the other hand, if waveformdata exists in the output FIFOin the sound
/0O 112, the waveformdata is D/ A-converted every sanpling clock Fs, and
the resul tant- anal og signal is sent to the sound system 115 via the DA
output termnal for sounding. Wen the a9aveformdata held in the out put
FIFOis outputted, the output FIFOis enptied. At this nonent, the sound
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Fs, and sounded as nentioned above. The software sound source is realized by
execut i on wavefermssaxe generatadeint anpredeterminedt timel period o(frame)olonger

Sound. sourian ¢he SaTaplngheridnand: the el GEmasamb eyl the. BredSieramped:
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| nterface)révent negsage Sent I ng’ vari ous musi ¢ pertormance
outputted flge aRwafBform generation performed at every sampling period, thereby

reducing the processing time. If the CPU has a multiway cache memory,
caching for a plurality of channels for continuously processing in parallel
the waveform data in the ROM 103 and the waveforms for one frame being
generated can be realized, resulting in a significantly efficient computation
for waveform generation. Further, in the waveform generation processing,
address generation is performed in parallel by increasing the number of
processing bits and by decreasing the number of channels, while other
processing operations such as interpolation and amplitude control are
performed in parallel by decreasing the number of processing bits and by
increasing the number of channels. Namely, the parallel number of
channels is varied according to the data to be handled, thereby enhancing
the compilta,tional efficiency and shortening the processing time.

In step 804 of FIG. 8A, if there is a channel which is being sounded
and left uncomputed and it is expected that the synthesis computation will
not complete within the generation period, the process may go to step 806
instead of going hack to step 803. In the above-mentioned first preferred
embodiment, 64 bits are processed in parallel as a set of 16 bits x 4 data or
‘another set of 32 bits x 2 data. It will be apparent that the 64 bits may be -
processed in parallel in any other data widths. In the above-mentioned
embodiment, the time length of one frame is equivalent to 128 music tone
waveforms. It will be apparent that one frame may be longer or shorter
than this value. For example, one frame may be equivalent to 64 samples



(Application ProgramlInterface) associated with a predeterm ned software
sound source to nmake the software sound source perform various processing
operations associated with nmusic tone generation. The CPU 101 is a
geheral - purpose processor, and hence, pgsforns other processing such as
pl aci ng the performance nmessage or M Dl event to the-APlI besides the

software s oc ' ' o IRVA
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the keyboard to the API. It also includes outputting to the APl the
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generation by the software sound source with reference to FIG 2. In FIG
2, franes Bistractiogs fer camsing therappanatus d;bspenfomcthmmumcMgmeratmg

redet er m ne r of ,sa I for 2 X_128 sanples) are
Pepr oduced W%roug rrp aj.lty o ahngnnels S music tcgne generating

method is realized by the following steps: first, performance information is

supplied; second, a timing signal is generated at a predetermined time
interval; and third, waveform data for a plurality of channels according to
the above-mentioned performance information is generated every time the
timing signal is generated. In the third step, processing operations for the
plurality of channels are processed in parallel in units of n channels (n being
two or a higher integer number) and the waveform data for a plurality of
continuous samples is generated and outputted. Then, the generated
waveform data is supplied to a D/A converter, one sample by one sample,
every sampling period,and converted into an analog waveform.

According to the first aspect of the invention, a music apparatus
comprises a processing unit of a universal type having an extended
instruction set used to carry out parallel computation steps in response to a
single instruction which is successively issued when executing a program, a
software module defining a plurality of channels and being composed of a
synthesis program executed by the processing unit using the extended
instruction set so as to carry out synthesis of waveforms of musical tones
through the plurality of the channels such that the plurality of the channels
are optimally grouped into parallel sets each containing at least two
channels and such that the synthesis of the waveforms of at least two
channels belonging to each parallel set are carried out concurrently by the
parallel computation steps, a buffer memory for accumulatively storing
the waveforms of the plurality of the channels, another software module
composed of an effector program executed by the processing unit using the



domwnward arrow on the line of "performance nessage" denotes a performance
nmessage occurring at an indicated tine. The performance nessage incl udes
various M D events such as note-on, note-off, after-touch, and program
change, which are inputted in the API ociated with the above-nenti oned
sof tware sound source. In the exanple of" FIG 2, three performance nessages
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sound source can sinultaneously gener rough
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control the nusic tones by software sound source registers for the .
plural ity memohnand areguverter for eorrmvtings thenwaveforms - imtoethe tmusical
i nputted gs _a perfornmance nessage, the software sound source perforns tone
assi gnnment St he sof tware sound source regi sters corresponding to the
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note-on to the softwar ’regl ters contr

assi gned citaeaclhy qfstheadyathiesy ofithe wieformspttheosynthesid insludingt bae
as a performance nessage, the software sound source wites the note-off to

the sof t neliy@esoahdtheurparalleli computationasbepsi theatingcrannelativaly ergredt
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sound sourgRiiR $hed SFIRIPSARS! BSch Ocontaining a relatively small number of
channels, and another type of the parallel computation steps treating a
relatively small computation amount so that the plurality of the channels
are optimally grouped into parallel sets each containing a relatively great
number of channels.

The inventive method of generating musical tones according to
performance information through a plurality of channels by parallel
computation steps, comprises successively providing performance
information to command generation of musical tones, periodically providing
a trigger signal at a relatively slow rate to define a frame period between
successive trigger signals,
periodically providing a sampling signal at a relatively fast rate such that a
plurality of sampling signals occur within one frame period, carrying out
continuous synthesis in response to each trigger signal to produce a
sequence of waveform samples of the musical tones for each frame period
according to the provided performance information, the continuous
synthesis being carried out using the extended instruction set such that the
plurality of the g¢hannels are optima.lly grouped into parallel sets each
containing at least two channels so that the continuous synthesis of the
waveform samples of at least two channels belonging to each parallel set are
carried out concurrently by the pa.ra.lle} computation steps, and converting
each of the waveform samples in respi)'nse to each sampling signal into a
corresponding analog signal to thereby generate the musical tones.

A



21 t he channel concerned. The data witten to the software sound source
register in a certain tine frane is used for the waveform synthesis
conputation at a succeeding tinme frane regardl ess of data type. Rectangles
201 through 204 indicated in colum "V\ag?f orm Generation by CPU" in FIG 2
I ndi cate sections for executing the waveform synthesis conputations
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frames, the waveform synthesis _conputation in each frame is triggered by
this interrupt. New, mémlng tad H1Q.hE, the £PPeddrcantrolsnthe apesationsfethé n
frame S1, the waveform.synthesis c utation is tri red in the seqgtion
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waveform block) size of the cache memory 117 is 32 bytes. To be more specific,
when the CPU 101 reads one data byte at a given address from the ROM
102 or the RAM 103, continuous 32 bytes including the one byte at that

address are copied to a predetermined cache line in the cache memory 117.

Then, if read request occurs for data of any of these 32 bytes, the data in
that cache line is supplied instead of reading data from the ROM 102 or the
RAM 103. Access to the cache memory is performed significantly fast.
Therefore, while the data is in the cache memory 117, the data can be
processed significantly fast. It should be noted that the cache memory is
of two types; write-through and write-back. In the second embodiment,
the cache memory of write-though type is used.

FIG. 9A shows an example of the constitution of waveform generating
buffers used by the CPU 101 for waveform generation. These buffers are
denoted by mixA, mixB, mixC, and mixD. The mixA is for a dry tone; in
this buffer, waveform data to which no effect is attached is set. The mixB
is for reverberation; in this buffer, waveform data inputted into
reverberation processing is set. The mixC is for chorus; in this buffer,
waveform data inputted into chorus processing is set. The mixD is for
variation; in this buffer, waveform data inputted into variation processing is
set. Each of the buffers mixA, mixB, mixC, and mixD is made up of a
storage area for 128 sets of samples (2 x 128 = 256 samples), each set being
composed of a storage area for stereophonic left side (L) waveform sample
and a storage area for stereophonic right side (R) waveform sample. Each



data is accunul ated throughout the plurality of channels, and attached with
an effect. The waveform data thus generated is witten to the reproducing
buffer areas in the RAM 103. These buffer areas are denoted by PBO and PBl
of"the sane size arranged at continuouszpddresses. These buffer areas are
call ed double buffers. The buffers PBO and PBl1 are used alternately for

each frane I R néﬂl?t t | aiﬁg ' :
allotted tgf'lt%ﬁ% E)r%% ‘g%vlés Wr ?@e‘%%to k@e?ggﬁggu‘gﬁxgﬂ%@%er Iréeg?’élgillbﬁt
t he RAM 1062-Hybet)\mmpm.m Hach ofeties ahixd\ | thé meixBcthomiX®, ahdaliecthikD ide
frame S2 is witten to the reproducing buffer area PB1. The waveform data

gener at ed Bubjentedetoi baundaryl sdjussment thetfthele age sequentiallyr cacked tim
204 a1 | ot t LG0T et Fanel 16 ATmBios St s 6L BREOSt or ar oa PBL.
T, L he et 500y S oyt MRyl 8 el e
out and refforduaadsiclpiond rgammatibibybyhe, fyoftwaret seungdt soaicd hto channel
succeedi ng frame next to the preceding frame in which the waveform data has
been gener aceamstiomown A nweveform " mexaornn Ak wtoves twavefarm mample datsy e
specific, tsgflp\ﬁg&efb%rr ma,d%trgd %r}%ﬁ%teﬁq rafe! "°nl "B %%ca%ﬁlle, waveform data
prepared in the ROM 102 is used. Alternatively, waveform data prepared
in the RAM 103 may be used. For the waveform data in the RAM 103,
~ data read from the external storage medium 105 or the hard disk 110, data
inputted via the network I/O 107, or waveform data obtained by sampling
the external input 113 by the sound I/O 112 may be used.

The software sound source executes the music tone generation
processing 402 for the required number of channels. The maximum
number of channels is predetermined according to the processing capability
of the CPU. Computation can be started with any channel. For example,
the computation can be performed on a last-in fast-out basis. Sometimes,
a channel for which volume level has been reduced may have lower priority.
For music tone generation for one channel, waveform data, is read out from
the waveform memory by waveform read & interpolation processing 411,
and the read waveform data is interpolated. Next, the interpolated
waveform data is filtered by a filter 412. Then, the filtered waveform data.
is divided into eight routes or lines, which are multiplied by predetermined
coefficients by multipliers 413-1 through 413-8, respectively. The outputs
of the eight lineg include dry L output obtained by multiplying a dry L
(stéreophonic left side) coefficient through the multiplier 413-1, dry R |
output obtained by multiplying a dry R (stereophonic right side) coefficient
through the multiplier 413-2, reverberation L output obtained by
multiplying a reverberation L coefﬁf:‘ient' through the multiplier 413-3,
reverberation R output obtained by multiplying a reverberation R

coefficient through the mgltiplier 413-4, .chorus L output obtained by



witten to the PBO is read out in the followng frame S2. The waveform data
generated in the frane S2 and witten to the PB1 is read out in the
following frame S3. The waveform data generated in the frame S3 and witten
torthe PBO is read out in the follow ng,franme S4. Thus, the waveform data
witten to the PBO and the PBl1 is alternhately read out for reproduction.
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to the waveform generating buffers mixA, mixB, mixC, and mixD of FIG. 9
as shown in 405-1 through 405-4.
The user can enter an effect edit command through the keyboard 108
and the display 109. In step 707 of the main flow shown in FIG. 7, an
effect edit processing program can be executed to edit the algorithm and

parameters of a software effector. FIG. 11 shows an example of an
algorithm of the software effector set by editing by the user. This
algorithm is adapted to apply a plurality of effects to the waveform data,
reserved in the waveform generating buffers mixA, mixB, mixC, and mixD
in the processing of FIG. 10. '

In editing the algorithm of the software effector, the number of blocks
of the processing by the software effector (three blocks in FIG. 11), the
processing contents of each block (reverberation, chorus, and variation in
FIG. 11), and information about connection between blocks (connection
between three blocks by five add processing in FIG. 11) are designated by
the user, for example. The effect edit processing program automatically
determines the sequence of effect processing on a plurality of specified
blocks and a plurality of add processing operations such that the designated
connection is enabled and sets up an effect processing program having the
algorithm shown in FIG. 11. The algorithm shown on FIG. 11 indicates
the processing composed of the following procedures (1) through (6).

(1) The waveform data is read out from the waveform generating
buffer mixD 501-4, the variation processing 507 is performed on the read



23. The software sound source can sinultaneously generate a plurality of
musi ¢ tones through a plurality of channels. Especially, in the present
enbodi ment, the CPU 101 for realizing the software sound source has a
capability of processing a plurality of ,data with a single instruction.
This capability is used to process data through the plurality of channels
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and subt ra%ﬂll‘l\g?ﬂ naqregete eppiflcient angl Yheiweighted semplesisaddeddpd
i n another 64-bit regqister, FIG, 3 sho n exanple of multiplication
bet ween t hesampledn i begles 193»@@@& a)é%r o her% r@&dwosessenanwagmgd
divided into _groups of four channe] s, angd.the processing erations th &he
f our chanr@ﬂ@)belllﬁiﬁgi AgCPBURAR EQWdDgy oW llﬁst%%rw ceetiment dsuspeciiiedhe
I gggugga?;ﬁéﬁﬁsggﬁasa%%%raiﬁ@ EHANRR DroBlRifF 18Le 1Y weighfdd and)to which
the weighted result is added. Thus, the results of the variation
processing 507 are weighted by the add processing operations 508, 502 and
504, and the weighted results are added to the waveform data in the dry
buffer mixA, the reverberation buffer mixB, and the chorus buffer mixC.

(3) The waveform data in the waveform generating buffer mixC is

obtained by adding the weighted waveform data on which the variation
processing has been performed by the add processing 504 to the original
waveform data prepared for the input in the chorus processing. This data
is read out, the chorus processing 506 is performed in the read data, and the
result is overwritten to the mixC.

(4) Add(mixC — mixA) 509 and add(mixC — mixB) are executed.
Thus, by the add processing operations 509 and 503, the results of the
chorus processing 506 are weighted and the weighted results are added to
the waveform data in the dry buffer mixA and the waveform data in the
reverberation buffer mixB, respectively.

(5) The waveform generating buffer mixB holds the data obtained by
adding the weighted waveform data on which the variation processing 507
has been performed by the add processing 502 to the waveform data
prepared for the input in the reverberation processing and adding the
weighted waveform data on which the chorus processing 506 has been
performed by the add processing 503 to that added data. The resultant

waveform data is read out from the mixD, the reverberation processing 505
. 4



FIG 4 shows an exanple of an algorithmof tinbre filter processing in each
soundi ng channel. As seen fromFIG 4, this tinbre filter processing is
generally constituted by addition and nultiplication. Therefore, use of the
above- nenti oned extended instruction seg for processing the 16 bits x 4
data in parallel can execute the tinbre $ilter processi ng operations for

four channel s i | 1 el, simult ousl Del a rqcessi ng by del
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The above-mentioned reverberation processing 505, chorus processing

506, and variation processing 507 impart the various effects to the
waveform data of the mixB, mixC, and mixD, and overwrite these buffers
with the effect imparted data. The add processing operations 502 through
504 and 508 through 510 are common routines. Therefore, appropriate
arrangement of these routines can change the sequence in terms of the
connection relationship between the software effectors representative of a
plurality of effect attaching operations. The common routines "add” are
available because the waveform generating buffers are separately provided
to the corresponding effects, and the same structure is given to these buffers.
In the second embodiment of the present invention, the algorithms of the
software effectors can be designated without any restriction by means of the
keyboard 108, for example. |

According to the second embodiment of the present invention, a
cache hit rate can be remarkably increased by executing the waveform
generation through the algorithms shown in FIGS. 10 and 11 in units
cbrresponding to the cache line size, thereby enhancing the speed of music
tone synthesis computation. The speeding up of the processing by caching
will be described in detail with reference to flowcharts shown in FIGS. 12A
and 12B.

FIG. 12A shows a detailed procedure of the waveform generation
processing performed in step 706. By this waveform generation processing,
music tone generation is performed with the algorithms shown in FIGS. 10



as. possi bl e, thereby increasing the processing speed. For exanple,
conputations (nm4, nb, a5) and (n6, n¥, a6) of FIG 6A and (nB, nl0O, a7) of
FIG 6B are executed with a single instruction. Sonetimnes, instead of the
algorithms of FIGS. 5, 6A and 6B, effec proceSS| ng in which the sane
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and R as a unit results in 2 x 16 = 32 samples. The processing of

algorithm shown in FIG. 10 is performed for 16 samples, and the waveforms
for 2 x 16 samples are stored in each of the waveform generating buffers
mixA, mixB, mixC, and mixD.

In step 903, it is determined whether the waveform samples for one
frame have been generated. Namely, it is determined whether 2 x 128
samples have been generated in each of the waveform generating buffers
mixA, mixB, mixC, and mixC shown in FIG. 9. If the generation of
samples for one frame has not beén completed, the process goes back to step
902, in which next 2 x 16 samples are generated. By repeating the
operation of step 902, 2 x 16 waveform samples are loaded into the
waveform generating buffers mixA, mixB, mixC, and mixD shown in FIG. 9
from the top to the end.

When the waveform samples for one frame have been generated in the
waveform generating buffers mixA, mixB, mixC, and mixD shown in FIG. 9
in step 903, thesprocess goes to step 904. In steps 904, 905, and 906,
variation, chorus, and reverberation effects are attached, respectively. In
these processing operations, the variation processing, the chorus processing,
the reverberation processing, and -ghe add processing are performed
according to the sequence specified byéthe algorithm designated by the user
as described with reference to FIG. 11. It should be noted that changing
in setting of the algorithmg of the software effectors is conducted by the



702, the CPU checks whether there is any trigger. If, in step 703, a
trigger is found, the process goes to step 704. If no trigger is found, the
process 25 goes back to step 702. Trigger acceptance of steps 702

t htough 704 corresponds to acceptance ofgperfornmance nmessage to the API
associated wth the software sound source. In step 704, the CPU determ nes
a type of tri
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generation processing, the waveformdata for one frane_ are _generated and

witten toevestually ned in the waveform generating buffer mixA. FEach of the
variation processing, chorus processing, reverberation processing, and add
processing described with reference to FIG. 11 is conducted in the unit of 2
x 16 samples.

It should be noted that FIG. 12A does not show the add processing
described with reference to FIG. 11. Actually, this add processing is
included in the effect block processing of steps 904 through 906. The
variation processing of step 904 includes the procedures described in (1) and
(2) above. The chorus processing of step 905 includes the procedures
described in (3) and (4) above. The reverberation processing of step 906
includes the procedures described in (5) and (6) above.

It should also be noted that the effect processing in each of steps 904,
905, and 906 may be performed for one frame collectively rather than in
units of 2 x 16 samples. Namely, the variation processing, chorus
processing, reverberation processing, and- add processing described with
reference to FIG. 11 may be performed for one frame at a time. In this
case, the caching is also working well for every 16 samples during the one-
frame processing. This setup may lower the hit rate in the inter-processing
among the buffers, but still raises the hit rate with respect to the registers
and within each buffer for use in each effect processing. As compared with
the sounding processing, the effect processing takes time before results are
obtained, so that it is more efficient to process the samples for one frame at
a time. It is still more efficient if this collective processing is performed in
units of 16 samples locally. Namely, to make it hard for cache miss to -
occur, it is a good approach to process continuous pieces of data in a short



buffers PBO and PBl, alternately. The waveformdata for one franme contain
t he nunber of waveform sanples equivalent to a half of the total size of

t he reproducing buffers PBO and PBl1. If the trigger found in step 704 is
anot her request, the processing accordi to the trigger is perfornmed in
step 707 and then the process goes back"to step 702. Especially, if
sanpling of t.heg external input source 113 by the sound I/0O 112 is
instructedPeEHanging of software effector algorithmsetting is instructed,
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respectively. Next, in step 712, soundi ng channel assignnent is perforned.
In step 7100ly ncepying dhes waveforms eimubher reprogusing| baiffer vothatsesk
for

reproduction causes sounding of the waveform concerned. In this example,
the waveform generating buffer mixA, and the reproducing buffers PB0 and
PB1 are provided separately from each other. Alternatively, two planes of
mixA may be prepared to provide the PB0 and the PB1, respectively. In
this case, the waveform generation processing is performed on the
reproducing buffers directly, so that the processing for copying the
waveforms generated in step 907 is not required, thereby enhancing the
processing speed.

FIG. 12B shows a detailed procedure of generating waveforms for 16
samples (or 2 x 16 = 32 samples if counted in units of the samples of
stereophonic L and R) performed in step 902 of FIG. 12A. First, in step
911, preparation for computation is made for the first channel. By the
preparation of step 901 of FIG. 12A, channels to be subjected to
computation for waveform generation and-the priority among the channels
are determined. ‘Therefore, in step 911, a channel having the highest
priority is made the first channel. Next, in steps 912 through 918,
waveforms are generated for 16 samples for the channel concerned.

In step 912, an envelope value used in later processing is obtained.
The envelope value is generated by envelope generation processing that
outputs an envelope waveform of ADSR (attack, decay, sustain, release).
The envelope value generated in step 912 is used 'commonly by the 16
samples currently being processed. " One generated envelope value is
commonly used by the 16 samples. Namely, one envelope value is
generated for every 16 wgweform samples. Next, in step 913, address



sounding is set to the software sound source of the assigned channel. In
step 714, note-on is witten to the software sound source register of the
assi gned soundi ng channel and a sounding start instruction is issued, upon
whi ch the note-on event processing comegpto an end. Gther MDl event
processi ng operations such as note-off are executed in generally the sane
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result of the above-mentioned coefficient and envelope value is multiplied in

exponential conversion by an adder 413-1 by each waveform sample value
outputted from the filter processing 412. Thus, 16 samples of the dry L
are obtained. The dry R waveform samples are also obtained in generally
the same manner by using the dry R coefficient. The dry L and R sample
waveforms (2 x 16 = 32) are accumulated to the mixA.

As with step 915, reverberation L and R (2 x 16 = 32) sample
waveforms are accumulated to the mixB in step 916. In step 917, chorus L
and R (2 x 16 = 32) sample waveforms are accumulated to the mixC. In
step 918, variation L and R (2 x 16 = 32) sample waveforms are
accumulated to the mixD. It will be apparent that different weighting
coefficients are used for dry, reverberation, chorus, and variation. |

Next, in step 919, it is determined whether channels remain
uncomputed. If yes, preparation for the next computation is made in step
920, and the process goes back to step 912. The computation starts with a
channel having higher priority. This operation is repeated to generate
waveforms for 16 samples for each of stereophonic L and R, the generated
waveforms being accumulated to the waveform generating buffers mixA,
mixB, mixC, and mixD. If no more channel is found in step 919, the
waveform generating processing comes to an end.

In the waveform synthesis computation shown in FIGS. 12A and 12B,
the waveform generation including effect attaching is performed in units of



channels to be conputed still remain. If such a channel is found, the val ue
of the work register nis increnented and the process goes back to step
803. This operation is repeated until the waveform generation is perforned
for all channels to be conputed. It sho¥£d be noted that, since the

wavef orm generation is performed in uni of four channels, conputation of
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not use for reproduction. FIG 8B shows a detailed procedure of generating
one- frame being processed, wavelorm generation can be performed very fast. When

stereophonic L and R are considered, the processing is performed in units of
64 bytes for 2 x 16 samples. Adjacent groups of-16 samples are cached in
different cache lines, so that two cache lines are used in this case.

Especially, in the second preferred embodiment, the user can
arbitrarily designate the algorithms of attaching a plurality of effects, so
that the effect attaching is performed in a variety of sequences. Since the
different waveform generating buffers are provided for different effects, the
processing of one effect is performed on the corresponding buffer. This
buffer stores only the waveform samples used for the effect attached.
Namely, this buffer has no sample that is unnecessary for the effect
attaching concerned. This setup remarkably increases the cache hit
efficiency, thereby enhancing the effect of caching.

In the above-mentioned second preferred embodiment, as seen from
steps 902 and 903 of FIG. 12A and from FIG. 12B, the processing for
generating waveforms for 16 samples over all channels is performed in an
inner loop and this waveform generation processing for 16 samples is kept
performed in an outer loop until one frame is processed, thereby generating
the Waveforms for one frame. In some cases, the inner and outer loop
processing operations may be exchanged with each other. Namely, the
waveform generation for 16 samples associated with one channel may be
repeated in the inner loop until the Wa‘,,veforms for one frame are generated,
which is executed in the outer loop for each channel, thereby generating the
eventual waveforms for one frame. According to the second preferred
embodiment, the wavefornjs are generated in units of 16 samples for all



waveforms for four channels performed in step 803 of FIG 8A In step 811,
address generation for two of the above-nentioned four channels is
performed and address generation for the remaining two channels is
perfornmed in step 812. The address genegated here is a read address of the
waveform data. In the present exanple, the address is prepared in the ROM
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vol ume control and_ channel 28 accunul ation are performed for the four
channel s i Righem|prerity Tis sounded. It will be apparent that these approaches

coexist, in which the former approach is used for a predetermined number
of channels while the latter approach is used for the remaining channels.

In the above-mentioned second preferred embodiment, the cache
memory of write-through type is used. It will be apparent that the cache
memory of write-back type may be used. In the write-back type,
waveform update processing is enabled in the cache memory, resulting in
faster waveform generation. It will be also apparent that the user can
designate not only the states of connection between effectto modules but
also the number and contents of these effector modules. The number of
samples subjected to caching differs from CPU to CPU, so that units in
which waveform generation is performed may be 'cha,nged accordingly.
The number of buffers for waveform generation is four, the mixA through
the mixD in the above-mentioned second preferred embodiment. This
corresponds to that the number of effeet blocks in the subsequent stage is
three. According to the number of effect blocks, the number of buffers is
altered. Since the buffers for imparting the effects and the buffer for dry
tones are required, the total number of buffers is set to the number of effect
blocks plus one.

According to the second aspect of the invention, a music apparatus
for generating musical tones by means of a software, comprises a processor
that periodically works each frame period for executing the software to
carry out synthesis of a set of waveform samples allotted to one frame
period, a buffer having a capacity sufficient to store the waveform samples
allotted to one frame period, the buffer being used as a working area by the



processing is to obtain the outputs of the three systens (XL, XR, and XX of
‘FIG 5) by nmultiplying the wavef orm of each channel by a predeterm ned

| evel control coefficient and by accunulating the nmultiplication results.
Betause the processing of step 816 invojyes this multiplication, there are
sonme portions that cannot be processed in parallel in this processing. In
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converts the final set of the waveform samples stored in the buffer into the
musical tones.

Further, the inventive music apparatus using a processor to generate
musical tones, comprises a synthesis module periodically executed by the
processor at each frame period so as to carry out synthesis of a set of
waveform samples allotted to one frame period, a plurality of buffers each
having a capacity sufficient to store the set of the waveform samples
allotted to the same frame period after the synthesis, a plurality of effector
modules each being linked to a corresponding one of the buffers, each
effector module being executed by the processor to carry out modification of
the set of the waveform samples reserved in the corresponding buffer to
create a different effect, a mixer module executed by the processor to carry
out computation of one set of the waveform samples stored in one buffer
with another set of the waveform samples stored in another buffer so as to
mix different effects, a controller that provides an total effect algorithm for
instructing the processor to execute the effector modules and the mixer
module in a predetermined sequence to create a total effect which is desired
mixture of the different effects, and that designates one of the buffers to
store the set of the waveform samples after completion of the modification
and the computation, and a conveifter for converting the set of the
waveform samples stored in the designated buffer into the musical tones
with the total effect. *



system 115. It should be noted that "DVAB" in step 821 denotes the

r epr oduci ng buffers PBO and PBl. Because the reproducing buffers PBO and
PB1 can be regarded as the buffers of the DVMA, this notation DVAB is used.
Nekxt, in step 822, a pointer pis increggnt ed to end the processing. The
pointer p is used for reading one sanplée formthe reproduci ng buffers PBO

d PB1. Thus, i lee | i. h ' [ | e i d f
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period, thereby reducing the processing tinme. If the CPU has a nmultiway
cache nenp@gorithm.

Preferably, the controller comprises an editor that edits the total

effect algorithm to arrange the sequence by which the processor sequentially
executes selected ones of the effector modules and the mixer module in a
desired order to create the desired total effect.

Preferably, the inventive music apparatus further comprises a cache
having a capacity sufficient to store a subset of the waveform samples which
is an integer division of the set of the waveform samples allotted to one
frame period such that the capacity of each buffer is set to an integer
multiple of the capacity of the cache, the cache being hit by the processor
before the buffer is addressed by the processor so as to carry out the
synthesis of each subset of the waveform samples more efficiently than that
each buffer is otherwise addressed by the processor. _

The inventive method of generating musical tones according to
performance information through a -plurality of channels, comprises
successively providing performance information to command generation of
musical tones, periodically providing a trigger signal at a relatively slow
rate to define a frame period between successive trigger signals, periodically
providing a sampling signal at a relatively fast rate such that a plurality of
sampling signals occur within one frame period, carrying out continuous
synthesis in response to one frigger signal to produce a set of waveform
samples of the musical tones through the plurality of channels for one frame
period according to the provided performance information, accessing a
buffer having a capacity sufficient to store the waveform samples allotted to
one frame period, the buffer being used as a working area by the processor



caching for a plurality of channels for continuously processing in parallel
the waveformdata in the ROM 103 and the waveforns for one frane being
generated can be realized, resulting in a significantly efficient
conput ati on for waveform generation. Further, in the waveform generation
processi ng, address generation is perfo d in parallel by increasing the
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more efficiently than that the buffer is otherwise addressed by the processor,

and converting each of the waveform samples reserved in the buffer as the
final set in response to each sampling signal into a corresponding analog
signal to thereby generate the musical tones.

The inventive method of generating musical tones according to
performance information, comprises successively providing performance
information to command generation of musical tones, periodically
providing a trigger signal at a relatively slow rate to define a frame period
between successive trigger signals, periodically providing a sampling signal
at a relatively fast rate such that a plurality of sampling signals occur
within one frame period, periodically executing a synthesis module at each
frame period in response to each trigger signal so as to carry out synthesis of
a set of waveform samples allotted to one frame period, addressing a
plurality of buffers each having a capacity sufficient to store the set of the
waveform samples allotted to the same frame period after the synthesis,
executing a plurality of effector modules each being linked to a
corresponding ong of the buffers to carry out modification of the set of the
waveform samples reserved in the corresponding buffers to create different
effects, executing a mixer module executed to carry out computation of
one set of the waveform samples stored in one buffer with another set of the
waveform samples stored in another buffer so as to mix different effects,
providing an total effect algorithm for instructing execution of the effector
modules and the mixer mgdule in a predetermined sequence to create a



30. or 1024 sanples. LFO and pitch envel ope processing nmay be added to the
above-nenti oned enbodi nent to control effects such as vibrato and trenol o.
If the nunber of bits of the effect control waveformgenerated is 8, this
geherati on processing can be perforned ig parallel for 8 channels. The
present invention includes a storage me@®um 105 as shown in FIG 1. This
st orage nedqi i chine- readapl e nedi a nt adepi Ng, i nstructki ons f.or
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generated. .lp the third step, processing operations for the plur t(i)t of.
Shannel s aiBteAocaueshopding analo signalisq 8540 EenGratRdne PHINCRlHORG Wb o
hi gher int egarigtalBfertand the waveformdata for a plurality of continuous
sanples is generated and out putted. Then, the generated waveformdata is
suppl i ed to a D'Phedollewting, dexceibesrai eldutronic samicsl isteamendnprtacticed as
period, and converted into an anal og waveform According to the_first asEect
of the invéntthard prefemed gppbediment ool thee presentodnventignuni Bagicadly, the
uni ver sal ey having gn ext gnded instructi set used {o garry out ,. .
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as that of the first preferred embodiment shown in FIG. 1 and a software

sound source operating according to the principle shown in FIG. 2, and
operates according to the main flowcharts shown in FIGS. 7A and 7B.

First, note-on event processing performed when a note-on event is
inputted will be described for example of the MIDI processing of step 705 of
FIG. 7TA with reference to FIG. 13. If the inputted MIDI event is a note-
on event, the MIDI channel number (MIDIch) allotted to the note-on event
is recorded in an MC register, the note number is recorded in an NN
register, and the velocity is recorded in a VE register in step S21.

In the third preferred embodiment, a timbre is selected for each MIDI
channel, and each timbre parameter specifies a particular music tone
generating method. Namely, each timbre parameter specifies the sound
source type for generating a tone -assigned to each MIDI channel.
Therefore, based on the sound source type set to the MIDI channel
registered in the above-mentioned MC register, tone assignment to the
sounding channel concerned is performed (step S22). Next, for the
sounding channel register of the sounding channel assigned in step S22,
preparation is made for generating a tone having note number NN and
velocity VE by the correspohding sound source type. Then in step S24,
note-on is written to the sounding channel register of the sounding channel
concerned. Thus, a corresponding channel is assigned when a note-on
event occurs, thereby prepaiing the music tone generation processing based
on the corresponding sound source type.



single instruction which is successively issued when executing a program a
software nodul e defining a plurality of channels and bei ng conposed of a
synt hesi s program executed by the processing unit using the extended

i nstruction set so as to carry out synthesis of waveforns of nusical tones
through the plurality of the channels stich that the plurality of the
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conput ati gn anount ? t the plurality of the chapnels are optimally _
interrupt o (25 above, the sound source processing starts. irst, in step

S31, a preparation is made. As described before, in the music tone
generating method according to the present invention, a music tone is
synthesized by sound sources of a plurality of types. Hence, music tones
are generated by use of one music tone synthesizing algorithm, and are
collectively generated for the plurality of sounding channels. Next, music
tones for sounding channels are collectively generated for the plurality of
sounding channels by use of another music tone synthesizing algorithm.
Thus, the music tone waveforms generated by the same program are
collectively generated, thereby enhancing the hit rate of the cache, and
hence increasing the processing speed. Therefore, in this preparation
processing of step S31, a sounding channel is determined that first generates
a music tone based on one music tone synthesizing algorithm used first,
for example, PCM sound source. For silent channels currently generating
no music tone, the waveform generatioﬁ. processing is skipped.

Next, in step S32, according to the setting of the sounding channel
register for the sounding channel concerned, music tone waveform samples
for 16 samples of the sounding channel are collectively genera.fed by
computation. The music fone waveform samples are collectively generated
for 16 samples because one music tone waveform sample is two-byte data.
and 32-byte data is collectively transferred to the cache as described before.
This enhances the processing speed. p

Then, in step S33, it is determined whether generation of the music
tone waveform samples for one frame of the sounding channel concerned has
been completed. If the gejeration has not been completed, preparation



grouped into parallel sets each containing a relatively small nunber of
channel s, and anot her type of the parallel conputation steps treating a
relatively small conmputation amobunt so that the plurality of the channels
are optimally grouped into parallel sets, each containing a relatively great
nunber of channels. The inventive nethol” of generating nusical tones

SS;?S{ el ipids FONTES et st tiohoot Bavelolin Fadlet e Sefflo atichthen
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relatively_ fast rate such that a plurality of sanpling signals occur wthin
one frame pedesermined ywhethan the geneuationsghthe snysiontone yoaveform saniples
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i nstructio et suc t urality of the channels are optimally

grouped into paffitheldevisioncizc NG otheri i B¢epS36; gnieparationaizelatlesfort haisic
t he continuous synthesis of the waveform sanples of at |east two channel s
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generate t Reh8HHaR|, FUHRSgeneration of the music tone waveforms for all channels
based on this algorithm has been completed, the process goes to step S37, in
which it is determined whether the music tone waveform generation
processing for all sound source algorithms has been completed. If a sound
source algorithm not yet executed is found, the process goes to step S38, in
which preparation is made for the music tone waveform generation
processing using a next algorithm, and the process goes back to S32. Thus,
the music tone waveform generation processing using the next algorithm
starts in step S32.

When the generation of the music tone waveform samples for one
frame for all corresponding sounding channels has been completed for all
sound source algorithms, the decision of step S37 becomes YES, upon which
step S39 is executed. Subsequent to step -S39, the effect processing for the
music tone waveform samples generated by computation in steps S31
through S38 is performed.

In step S39, preparation for the effect computation is made first. In
this processing, the sequence of the effect processing operations to be
performed is determined. It should be noted that the effect processing is
skipped for the channels for which input/output levels are zero. Next, in
step S40, the effect processing for one channel is performed according to the
setting of the effect channel register. Thus, according to the third
preferred embodiment of the invention, the effect channel register is
provided for every effect processing, and an effect processing algorithm is



32, The follow ng describes an el ectronic nusical instrunent practiced as a
second preferred enbodi nent of the present invention. Basically, the second
preferred enbodi nent has generally the sanme hardware constitution as that
of"the first preferred enbodi nent sho jn FIG 1 and a software sound
source operating according to the princi'ple shown in FIG 2, and operates

accordi ng t;0 the in flo arts,sho in FIGS. 7A and 7B. Now, referring
to FIG 1, dﬁwgafgi e@ﬁﬁf&lﬂ"?‘qlﬁg EF-ati ons of the entire el ectronic
musi cal instru ragti ; S ’@fk&:t 3 &0

I ncor por at es arrgg‘i:%lg rqrgrr%gri&ﬁt%%nhﬁﬁg ﬁ@ﬁ%‘ I ne (cache ﬁl?g%é%ézglagf lﬁeg
cache nenoeypmigléted fo aly teffact dl@a.lmelsoggepp&mj.i cIf whereffést ?g%bés%mg%

one data byte at a given address fromthe ROM 102 or the RAM, .
cont i nuousheb bgancompleten npreparasion for mext effiect processingis madedn stepa

bcours 1 or a2 850k ther the Hhpests G360 Balk Taishebidan b e SRR AR the
cupeL oo, | e seobodtiog g Hehr iAo, (3 bAGcogtaidn il 81, oy
is in the eeptuduation oflstéredpkodii wavefohasforcsss frhmedini faseavedy B tbe
It should be noted that_ the cache menory is of two types; wite-through and
wri t e- backmaone specifiec he stereephemic waveforms for one frame are transferred to
the areas of the two frames for which DMAB reproduction has been
completed. . .
Thus, the music tone waveforms are generated and outputted by
software. According to the third preferred embodiment, the music tone
waveforms can be generated by use of three sound source types; PCM sound
source, FM sound source, and physical model sound source. Namely,
according to the third preferred embodiment, the waveform generating
programs and the effect programs for executing various effect processing
operations are prepared corresponding to these three sound source types.
Moreover, these programs use a common waveform processing subroutine to
perform their processing. Thus, use of the common subroutine contributes
to the reduced size of each program and the saved storage capacity of
storage devices. Since the formats of various pieces of data are
.sta,nda.rdized, music tones can be synthesized by an integrated music tone
generating algorithm in which various sound source types coexist.
FIGS. 15A to 15C show three particular examples of the waveform
generation processing for 16 samples executed in step S32 of FIG. 14.
FIG. 15A denoteg an example of the music tone generation processing by
PCM sound source, FIG. 15B denotes an example of the music tone
generation processing by FM sound source, and FIG. 15C denotes an
example of the music tone generation processing by physical model sound
source. In each example, when the gprocessing is performed once, music
tone waveforms for 16 samples are generated. Each step shown in FIGS.
15A to 15C denotes a waygeform processing subroutine described above.



the cache nenory of wite-though type is used. FIG 9A shows an exanpl e of
the constitution of waveform generating buffers used by the CPU 101 for
wavef orm generation. These buffers are denoted by m xA, m xB, m xC, and

m XD, The mxAis for a dry tone; in thigg buffer, waveformdata to which no
effect is attached is set. The mxB is for reverberation; in this buffer,

for “chorustach RRHECEHd dereR¥ BT RGeS JETeaERshd SF obup it fof
is set. ThgaWefdimhSptetessiig aubroutiniest hi Theréfoes, somweiwavefdrhd proveksi
into varlatlon processing iS set. Each of the buffers nmi xA, m xB," m xC, and

m xDI i s nqm’rmnesa cawr hge usedg h}frdﬂfh‘enbt sounds mepiree  tgpes. ﬁZBTha?S?S
Srde () ilrome S alized oyt Desset ToPOUSEn ¢ | oht si de (R
wnvet or m sanpl ot B mousi ctte |heraBlo plBUESHE 1" PR TEM bl oo

the m xC dhgwhhin WIQ. 158U Q@é\ﬁéioi‘m Bebld & Yfirae resident sﬁe?ﬁ‘SSthYhﬁrthe

sequentially cached in uni ts of 32-byte (nanely 16 sanpl es) omthe top of

addr esses. p¥aa@ssing, st awadaaddxessppmgﬁesam@ at @ ispred ocﬁonraqumdn@ $ong note
covering from,nusig-tone r tion by a software squn urc t o channel
number is ge era , wavelorm data 1s re out he waveform

table stored in the RAM 103, and the read data is interpolated by use of the
fractional part of the read address. For this interpolation, two-point
. interpolation, four-point interpolation, six-point interpolation, and so on
are available. In this example, a subroutine that performs four-point
interpolation on the waveform data read from the waveform table is used in
step S51. Next, in step S52, quartic DCF processing is performed in step
S52. In this processing, filtering by a timbre parameter set according to
velocity data and so on is performed. In this example, a quartic digital
filter such as a bandpass filter is used for example.
Next, in step S53, envelope generation processing is performed. In
this example, an envelope waveform composed of four states of attack, #1
decay, #2 decay, and release is generated. Then, in step S54, volume
multiplication and accumulation processing is pefformed. In this
processing, the music tone waveform read- from the waveform table (step
S51) and filtered (step S52) is multiplied by the envelope data generated in
step S53, the resultant music tone waveform sample for each channel being
accumulated into an output register and an effect register. To be more
specific, the envelope waveform is added to an output transmission level by
logarithmic scale and the resultant sum is logarithmically multiplied by the
waveform. It should be noted that data corresponding to four registers,
namely two stereophonic output registers (accumulation buffers #OL and
#OR) and two effect registers (accumulation buffers #1 and #2) are
outputted. |



accurul ati on. A waveform nenory 401 stores waveform sanpl e data sanpl ed by
a predetermned rate. In this exanple, waveform data prepared in the ROM
102 is used. Alternatively, waveformdata prepared in the RAM 103 nay be
used. For the waveformdata in the RAMgh03, data read fromthe external
storage nedium 105 or the hard disk 110, data inputted via the network I/0O
107, or wavef or mIdat %B%l%ﬁ@%ﬁéx&ﬂfﬁlb'éﬂth@?nﬁéket&i’é ?ﬁ@%tiéﬁ?pfbée_bﬁﬁg
sound 1/0O 112 nay be used. The softwire sound source executes the music
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om he waveform table, or the resultant sum is multiplied by the waveform

data while converting the sum from linear to exponent.

Next, in step S64, the waveform table is read out. In.this processing,
the result of the above-mentioned volume multiplication is added to a phase
generated such that the phase changes at a speed corresponding to the note
number NN. The sine table, triangular wave table, and so on are
selectively read with the integer part of the resultant sum used as an
address. Linear interpolation according to the fractional part of the
resultant sum is performed on the read output. Then, in step S65,
quadratic digital filtering is performed on the interpolated read output. In
step S66, four-state envelope generation processing is performed. This
processing is generally the same as the processing of step S53 of FIG. 15A.
In step S67, volume multiplication and accumulation processing is
performed. In this example, the resultant dats is outputted to three
accumulation registers (L. and R registers and an effect register).

FIG. 15C shows an example of the music tone generation processing
by physical model sound source. In this processing, in step S71, TH
(throat) module procéssing is performed for emulating the resonance of
throat. In this processing, primary DCF processing and delay without
one-tap interpolation are performed fé'r example. Then, in step S72, GR
(growl) module processing is performed for emulating the vibration of
throat. In this processing;delay processing with one-tap interpolation is



multiplying a reverberation L coefficient through the nultiplier 413-3,
reverberation R output obtained by multiplying a reverberation R
coefficient through the multiplier 413-4, chorus L output obtained by

34 multiplying a chorus L coefficient tigpough the nultiplier 413-5, chorus
R out put obtained-by nmultiplying a chorus R coefficient through the
~multiplier s L af.j ou ' tHhRl M b atl :
coef | ci onPrioraned Tof edebfiple, 1P Hhofle Beced thHy ohe PRkl Bpoctibns
by nul ti pl ¥ Bgepefland 72Rueorbt performed forgistring moddlp! ihed 1 Bn $ted 1873,
out puts of _these ejght |ines each obtained for each channel are
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FIG 7, an_effect edit processing programcan be executed to edit the
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delay is performed for emulating the resonance of a tube (for tube model) or

emulating the length of a string (for string model). In this processing,
delay with two-tap interpolation, linear interpolation, and linear DCF are
performed for example. | | |
In step S75, RS (resonator) module processing is performed for emulating
the resonance at an exit of tube or emulating the resonance of body (for
string model). |
In step S76, generally the same volume multiplication and accumulation
processing as mentioned above is performed. In this example, five lines of
outputs are provided.
For the constitution of these physical model sound sources, reference is
made to Japanese Non-examined Patent Publication Nos. Hei 5-143078 and
Hei 6-83364.

The following describes reverberation processing with reference to
FIG. 16 as a particular example of effect processing for one channel
performed in step S39 of FIG. 14. When this reverberation starts, initial
reflection processing is performed in step S81. In this example, two lines of
delay processing without two-tap interpolation are performed. Then, in
step S82, two lines of all-pass filter processing are performed. In step S83,
reverberation processing using six comb filters and four all-pass filters is
performed. In step S84, generally the same volume multiplication and
accumulation processing as mentioned before is performed. In this
example, four lines of outputs are used.



algorithmis adapted to apply a plurality of effects to the waveform data
reserved in the waveform generating buffers mxA mxB, mxC, and m xD in
the processing of FIG 10. In editing the algorithmof the software
effector, the nunber of blocks of the pggcessing by the software effector
(three blocks in FIG 11), the processing contents of each bl ock
(reverberation, : F V@ b Al ' L { Ao '
connection bet mﬁﬂﬁﬁé%}zga?lgloﬁ%%ﬁ#gﬁp ée}’t%e@rznt rg‘eI 'o%ﬁé El;ﬂ/ﬁﬁ@g %gg%d
processi ng KIG.F16; inlihe atesideonengdiegabion bpomirngr-]and effevtnhocedsiagehisnel
edit processi ng program aut omatj cal |y determ nes the sequence of effect

pr ocessi ngodn theppboyeimentionede sonndd spnsex $ypes, yoinmemutiplication and

processi ng operat, ons such that t designat nnection,i s enabl ed and
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from the wepetationsesesabroutinesf beforehiand0dnd, cdbiniag shése snbecetisies dto
507 is perfornmed on the read 35 data, and the resultant data is

over wr i t t egxecutepredeimrotined prucassing ppergtions by) the soundsanice progrpms

m xB) 502, and_add(m xD err;rym' §C 504 are.exec;i.thed. | n tai]e %Eﬁj .

processi ngCaBaEgduce a necess storage capacity. 1S ‘setup also allows music
tones to be synthesized by an algorithm based on different sound source

types, in which data generated by one sound source type can be used by -
another sound source type for music tone generation. For example, a
waveform generated by PCM can be used as an excitation waveform in the
physical model sound source.

The following describes the waveform processing subroutine groups
shared by the above-mentioned processing operations.

(1) Subroutines associated with waveform table reading:

subroutines without interpolation, without FM interpolation, with
linear intefpolation, with FM linear interpolation, with four-point
interpolation, and with six-point interpolation. |

These subroutines perform processing for reading a waveform table
prepared in RAM at a read speed designated by a note number NN or the
like. These subroutines include a subroutine for providing frequency
modulation on the read speed and a subroutine for performing interpolation
for preventing aliasing noise form occurring. These subroutines are mainly
used for PCM and FM sound sources.

(2) Subroutines associated with function table referencing:

subroutines without interpolation and with linear interpolation.

These subroutines perform processing in which a function table
prepared in the RAM is referenced with waveform data as address, and
values of the waveform data are converted. These subroutines are used for
the physical model sound source and effect processing such as distortion.

4



sanple in the buffer indicated before "[err]" is weighted by nmultiplying
the sanple by a predeterm ned coefficient and the wei ghted sanple is added
to a sanple in the buffer indicated after "[err]". The add processing is
caarried outby using a conmon routine, while the weight coefficient is
speci fied beforehand according to which processing result is weighted and

to which the weightgeh o T e sults of the variation
processi ng 507 (32 vve{goﬁl:te‘%ésb?/%t ﬁe agdwéﬁ%cesgpﬁgﬁéggratlons 508, 502 and

504, and the welsgbtredtmutftth Bneanilteatpblation amd tfme intertpolationhe dry
buffer m xA, reverberation _buffer mxB, and_.the choruys buffer mxC. (3)

ng vvaveL orm dat E@Uthl’@u Motk lijeens: interpobatien, is ifor qposs rfédhlw, or
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Chor s pr oPrysiael il Sously dorath® PERE rea‘y‘%ﬁ;'ﬁ%ﬁgﬁ?ﬂés’nq‘g{aﬁ?m‘m e

overw ittemsed forevolinie cordroded @fterctoweli] m xA) 509 and add(m xC [err]
m xB) are execut eg Thus, by the add processing operations 509 and 503, the

resul ts of the ¢ApSubrousinessassgcidedawitingi tﬁnw and the weighted results
are added to the ve.ormd a e Ve ta
in the reverber 85 at}hiABlaFI Z@‘B&‘ﬁsvﬂi Zﬁm ﬂb‘\rgﬁr@bﬁ ﬂﬁ

buf fer m xBrlobdgrt g @q;ta obt ai ned by addi ng the WEI ght ed wavef orm dat a on

whi ch the vari t|on processi ng 507 has been perfornmed by the add processing
502 to the waveflhiesedauibroutines are widely used for controlling the frequency

characteristics and phase characteristics of music tones.

(5) Subroutines associated with comb filter:

These subroutines are mainly used for reverberation processing and in
the physical model sound source.

(6) Subroutines associated with envelope generation processing:

subroutines with two-state EG, four-state EG, and so on.

The envelopes generated by these subroutines are used for controlling
music tone waveform volume, filter cutoff, and pitch.

(7) Subroutines associated with volume control and output
processing:

subroutines such as lout, 2out, 3out, 4out, and 6out.

These subroutines multiply data such as the envelope for controlling
music tone waveform volume by the volume data based on the transmission
level classified by output lines (accumulation buffers), and accumulate the
resultant volume-controlled music tone waveform data to the corresponding
accumulation buffer for each output line.

(8) Subroutines associated with modulation processing:

subroutines such as one-modulation input and two-modulation input.

These subroutines modulate data such as music tone pitch and
volume by a modulation waveform such as LFO waveform.

(9) Subroutines associated with LFO (Low Frequency Oscillator)

processing.



prepared for the input in the reverberation processing and addi ng the

wei ght ed waveform data on which the chorus processing 506 has been
performed by the add processing 503 to that added data. The resultant
waveformdata is read out fromthe m xDgsthe reverberation processing 505
36 is perforned on the read data, and the resultant data is overwitten to
the mxB. (6) A )ngg B esné'%ﬁl:' | , by this add
processi ng 510,q?ﬂe regﬁ)ﬁﬂ%f t he lra;t\égr‘gg:r'}g%iié%wgfbocceesgm 1g 505 is weighted
and the wei ght egubabatinesadithdut ondtapdnterpolationa with ione-tay ihtdrpelationA.
Consequent |y, the waveform d?ta obt ai.ned by attaching variation, chorus,
and rever b8ABROYH 2ctap dnterpolationdandbapdnkerpalation.fi nal Iy set to the
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(11) Subroutines associated with mixer

These subroutines are used for the output section of a comb filter.

The following describes, with reference to FIG. 17, an example of an
overall algorithm of a music tone generator realized by the sound source
processing described with reference to FIG. 14. FIG. 14 schematically
shows a music tone synthesizing algorithm of a music tone generator to
which the music tone generating method .according to the present invention
is applied. In the figure, reference numeral 21 denotes a first PCM sound
source and reference numeral 22 denotes a second PCM sound source, the
first PCM sound source 21 ﬁmétionally precedding the second PCM sound
source 22. Reference numeral 23 denotes a first FM sound source having
four operators, reference numeral 24 denotes a second FM sound source
having two operators, and reference numeral 25 denotes a physical model
sound source. Thus, the illustrated music tone generator has five sound
sources based on different methods (different sounding algorithms), and is
realized by the processing of steps S31 through S38 shown in FIG. 14. The
PCM sound source 21 corresponds to the routine of FIG. 15A. The FM
sound source 24 corresponds to the routine of FIG. 15B. The physical
model sound sourge 25 corresponds to the routine of FIG. 15C.

It should be noted in the figuer that the numbers on both sides of a
slash (/) denote the number of channels being sounded/the maximum
number of channels. For example, 248 in the first PCM sound source 21
denotes that the maximum number of channels of this PCM sound source is
eight, of which two channels are current sounded.

E;



plurality of effect attaching operations. The comon routines "add" are
avai | abl e because the waveform generating buffers are separately provided
to the corresponding effects, and the same structure is given to these
buffers. In the second enbodi nent of thggpresent invention, the algorithns
of the software effectors can be designated without any restriction by

of the present -1 NERAERCR trurhQEalt 6 1BNBsed Gl Hthidilabion B P nfEA FRSH)
executing tdggnpeyed SMican &udfdrs YA thr@hgh h#3al dPhet AcErnadatiohnbhffers A0

and 11 in units corresponding to the cache |ine size, thereby enhancing the
speed of magid #3raresoh stareophonmiep coastibntior,ehaviagithe Iuphahnehsection and
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waveform g On "processi ng, “musrc "tone generati on s perror _

al gor i t hs reeimes marel orithén to 3hes ddourhulstioni buffers. 90This' ehdtig R
for conputation is made. This preparation processing includes the

processi ng performeddvy ziceynzulating she fronsichtaie ormi samples generabed by

eneration is,perforned with reference . .
J each’soun ing channel or the music tone waveform samples attached with

an effect to each accumulation buffer at a storage position corresponding to
each sampling timing. In this writing, mixing of a plurality of music tone
waveforms is also performed. In this example, the #0 accumulation buffer
is used as an output buffer, the output thereof being equalized by equalizing
processing 27 and then being outputted to a DAC.

The equalizing processing 27, reverberation processing 28, chorus
processing 29, and tube processing 30 (for attaching vacuum tube
characteristics, providing the same effect as distortion) are examples of the
effect processing. These four effect processing operations are realized by
steps S39 through S42 of FIG. 14. Further, the reverberation processing
28 corresponds to the reverberation processing described before with
reference to FIG. 16. In each of these effect processing operations, the
effect processing operation is performed on the inpﬁts of the accumulation
buffers #1 through #3 and the effect added output is written to at least
one of these accumulation buffers #0 through #3.

The following describes the algorithm of the above-mentioned sound
sources 21 through 25 by using the PCM sound source, for example. FIG.
18 échematically illustrates a sounding algorithm of the above-mentioned
PCM sound source (corresponding to FIG. 15A) for example. In the figure,
reference numeral 31 denotes a waveform table, reference numeral 32
denotes a waveform table reading section (with four-point interpolation),
reference numeral 33 denotes a quartic DCF section, reference numeral 34
denotes an envelope generating section, and reference numeral 35 denotes

volume multiplication and accumulation -processing section. Reference
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In steps 9fHe 1ﬁ9§gexapd.r9(%ﬁereof, waveform data is read out and, according to the

m xC, and

fractional part, four-point interpolation is performed. The output of this
section is filtered by the quartic DCF 33 (corresponding to step S52),and is
then inputted in the volume multiplication and accumulation processing 35
(corresponding to step S54). Envelope data generated by the envelope
generator 34 (corresponding to step S53) is also inputted in the volume
multiplication and accumulation processing section 35. The above-
mentioned waveform data, the envelope data, and the transmission level
data classified by accumulation buffer are multiplied by each other, the
multiplication results being inputted in the specified accumulation buffers,
respectively. To be more specific, the music tone waveform data of a
sounding channel on which no effect processing is performed is accumulated
to the accumulation buffers 36 and- 37 after being volume-controlled
according to the envelope and the levels of the direct L, and R outputs.
The music tone waveform data of a sounding channel on which effect
processing is performed is accumulated to the accumulation buffer 38 or 39
after being volurge-controlled é.ccording to the envelope and the level of
transmission to each effect.

The following describes an effect algorithm of the above-mentioned
effect processing section by using, the reverberation processing 28
(corresponding to step 16) as an S'exa.mple. FIG. 19 schematically
illustrates an algorithm in the above-mentioned reverberation processing 28.
In the figure, reference jumeral 41 denotes an accumulation buffer



variation, chorus, and reverberation effects are attached, respectively. In
t hese processing operations, the variation processing, the chorus
processing, the reverberation processing, and the add processing are
performed according to the sequence spegified by the al gorithm designated
by the user as described with reference to FIG 11. It should be noted that
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in each of which the output of the mixer 45 is inputted. These six lines of
comb filters 44, mixer 45, and two lines of all-pass filters 46 and 47
correspoﬁd to the above-mentioned step S83. The outputs of these
components are inputted in the volume multiplication and accumulation
processing section 48 {(corresponding to step S84).

In the volume multiplication and accumulation processing section 48,
the output of the delay section 42 is mixed with the outputs of the all-pass
filter 46 and 47 at a predetermined level, the mixed outputs being
accumulated to the corresponding accumulation buffers 49 through 52.
Reference numerals 49 and 50 denote an L channel section and an R
channel section of the same accumulation buffer #0 for output as the
above-mentioned accumulation buffers 36 and 37. The music tone
waveform outputted after being attached with reverberation is written to
these accumulation buffers. Reference: numerals 51 and 52 denote
accumulation buffers corresponding to the right and left channels,
respectively, of the #3 of the above-mentioned accumulation buffer 26.
The reverberated music tone waveform data on which another effect (for
example, tubing) is performed is written to these buffers. It should be
noted that the attaching of another effect is performed by using the outputs
of the accumulation buffers 51 and 52 as the input.

As described, in the music tone generating method according to the
present invention, the waveform generating programs and the effect
processing programs based on the various sound source types are
constituted by common waveform processing subroutines. The following



i ncluded in the effect block processing of steps 904 through 906. The
variation processing of step 904 includes the procedures described in (1)
and (2) above. The chorus processing of step 905 includes the procedures
described in (3) and (4) above. The revgrberation processing of step 906
i ncl udes the procedures described in ( and (6) above. It should al so be
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in a shortgenomP PCM sound source, the waveform generating program TGP3

providing the physical model sound source, the waveform generating
program TGP4 providing the third PCM sound source, the waveform
generating program TGP5 providing the FM sound source, and so on.
The three flowcharts shown in FIGS. 15A to 15C are specific examples of
these waveform generating programs. As shown, each waveform
generating program is composed of .a header part and a generating routine
part. The header part stores a name, characteristics, and parameters of
this program, and the generating routine part stores a waveform generating
routine using above-mentioned waveform processing subroutines.

Following the waveform generating programs, effect programs (EP)
are stored. In this area, the programs for performing a variety of effect
processing operations are stored. In the illustrated example, EP1 for
reverberation processing, EP2 for chorus processing, EP3 for reverberation
processing, and so on are stored in this order. The reverberation
processing shown in FIG. 16 is a specific example of this effect program EP.
Each of these effect programs is composed of a header part and an effect
routine part as shown. The header part stores a name, characteristics, and
parameters of this effect processing, and the effect routine part stores an
effect routine using various waveform processing subroutines.

Following the effect programs, the waveform processing subroutines
are stored. As shown, the above-mentioned waveform processing
subroutines are stored in this area as classified by processing contents. In
this example, the subroutjnes associated .with table reading come first.



period. After the software effector processing, the generated waveform
sanpl es for one frame (nanely, 2 x 128 sanples in the m xA) are reserved
for reproduction. This is the processing for copying the waveform sanpl es
fromthe m xA to one of the reproduci ngehuf fers PBO and PBl1 (the buffer
currently not used for reproductlon) Since the processing for alternately

reading t he&,200 QherbAftel WrettRe 5 @rﬁﬂﬂl egl?@@%gpeﬁgﬂé tiﬁggr iﬁgg:%%‘hg’@h&

copying the maveforns I'n the reproduci ng ion

causes sourgibreubtineshgsseelistiedr mﬂ@rE@r @chsbihg hand ehRnhbroltifeyssbeiated

generating buffer mxA and the reproducing bu 'fers PBO and PBl are

provi ded sepizhavelymer ocontrel hand heccum ationt pved:qssmg\nnpthmeerder m ki thdg

b dt th BO d the PBl t I th

wever of m q@eRabRBh Lhe geetelors DloGeTIBE AERTBHLIS sl urer by Hheapove
di tl

S![ ;§C90¥ | Zﬁ%%ﬂ?’?lggt}? ?‘géf&?lggeﬂgégﬁwgﬁpggesm ng spe@igé%i"&gr}%g%

shows a detahyele ptoratiur Onftiucochet inndeal! wamefdim o%é@ihgeﬁubﬁéuﬁnés
16 = 32 sanples_if counted in units of the sanples of stereophonic L and R)

per f or med inchwdipgdde othen Wavefarmmubnoutnman@bmm lyr sfexedtinothé above-
PR b Rt et oS ey o
generation B‘iioﬁﬁi‘inne Be 1%&‘9[;5 g‘?“ﬂfe' %}&éﬁlﬁets%ﬂg%e%eﬂ?ﬁheflﬁseor

i n step.91 aV|ng
another computer via a network

As described, in the music tone generating method according to the
present invention, the waveform processing subroutines are shared by the
sound source programs, so that the user can select any waveform processing
routines to edit the sounding algorithm of the sound source programs
(music tone generation processing). The following describes these
selecting and editing operations, or the Setting processing. It should be
noted that these operations are performed in the other processing of step
707 of the main routine shown in FIG. 7A. _

FIG. 21 is a flowchart for describing the above-mentioned setting
processing. This setting processing starts when the operating for
waveform generating program setting is performed by the user. First, in
step S101, the user selects a waveform-generating method. Next, in step
S102, according to the selected waveform generating method, the process
branches to PCM setting processing S103, FM setting processing S104,
physical model setting processing S105, or any setting processing S106.
Then, the setting processing to which the process branched is performed.

FIG. 22 illustrates the outline of the setting processing executed in
the above-mentioned setting processing at S103 through S106. When the
above-mentioned setting processing is started, basic elements according to -
each sound source type are set in step S111. This setting of the basic
elements will be described later. Next, in step S112, the user determines
whether there is an additional option. If yes, the process goes to step S113,



priority is made the first channel. Next, in steps 912 through 918,
wavefornms are generated for 16 sanples for the channel concerned. In step
912, an envel ope value used in |ater processing is obtained. The envel ope
value i s generated by envel ope generatigp processi ng that outputs an
envel ope waveform of ADSR (attack, decay, sustain, release). The envel ope
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various waveform generating programs set in the basic element setting
processing of step S111 and the option setting processing of step S114 are
generated and, in step S116, the generated waveform generating programs
are stored in memory. It will be apparent that, in the program generating
processing of step S115, the necessary waveform generating programs ina.y
be selected from a mass storage medium such as a CD-ROM in which many
waveform generating program are stored, instead of generating programs
according to the above-mentioned setting.

The following describes the basic element setting processing
corresponding to each sound source type. FIGs. 23A to 23C illustrate a
flowchart of this basic element setting processing,FIG.23A indicating the
basic element setting processing in the PCM method, FIG.23B indicating
the basic element setting prdcessing in the FM method, and FIG.23C
indicating the basic element setting -processing in the physical model
method. In the PCM method, setting associated with table reading
processing is performed in step S121. In step S122, EG setting is
performed. In step S123, volume multiplication and accumulation
processing is set; In steps S121 through 5123, the user selects desired
waveform processing subroutines from the subroutine group corresponding
to each basic element setting processing.

In the FM method, the numbexs; of operators is set in step S131 as
shown in FIG. 23B. Next, in step S132, the connection between the
operators is set. In step S133, the constitution of each operator is set. In
step S134, volume multiplicgtion and accumulation processing is set.



result of the above-nentioned coefficient and envel ope value is multiplied
I n exponential conversion by an adder 413-1 by each waveform sanpl e val ue
outputted fromthe filter processing 412. Thus, 16 sanples of the dry L are
obt ai ned. The dry R waveform sanpl es argzal so obtained in generally the
same manner by using the dry R coefficient. The dry L and R sanple
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output lines of the filter.

The following describes the effect program setting processing with
reference to FIG. 24. In setting effect processing, the user first selects an
effect method to be used in step S151. Next, in step S152, the process
branches to the corresponding processing according to the method selected
in step S152. For example, if the selected effect is reverberation, the
reverberation setting processing of step S153 is performed; if the selected
effect is chorus, the chorus setting processing of step S154 is performed; and
if the selected effect is others, the corresponding setting processing is
performed in step S155. It should be noted that these setting processing
operations are basically the same as those of the generator programs
mentioned above, so that no further description will be made thereof.

The above-mentioned effect program setting processing can easily
generate, for example in the reverberation processing shown in FIG. 16 , an
effect program that has an effect algorithm with a desired number of initial
reflections or an effect algorithm with a desired number of reverberation
comb filters.

It should be noted that ”waveform processing subroutine” referred to
herein denotes a subroutine having capabilities of performing
predetermined waveform generation and waveform manipulation
characteristic to music tone generation and effect processing, rather than a

simple subroutine for performing arithmetic operations.



41.2 x 16 sanples. Sixteen sanples are 32 bytes |ong. Each of the waveform
generating buffers m xA, mxB, mxC, and m xD shown in FIG 9 has adequate
boundari es such that these buffers are sequentially cached fromthe top in
units of 32 bytes. Therefore, when the §4rst sanple of the m xA is accessed
for exanple, the 16 sanples including this first sanple are cached in the
cache menory 117n tl %c&‘i}ﬂ:i&ﬁVﬁfaﬁ'é”bogfﬂi?rtﬂié BenBraXorS progrdrfs P&Rd osffBct
in the cache nenory 117 whi'le these 16 sanpl es are, bei ng processed,
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of cachi ngto performance information, comprises the steps of loading a, first synthesis

r

program prepared for a first group of channels- and a second synthesis
program prepared for a second group of channels together with a subroutine
program utilized commonly for both of the first synthesis program and the
second synthesis program,  successively providing performance
information to command generation of musical tones, periodically providing
a trigger signal at a relatively slow rate to define one frame period between
successive trigger signals, periodically providing a sampling signal at a
relatively fast rate such that a plurality of sampling signals occur within
one frame period, executing the first synthesis program by the processor at
one frame period so as to carry out synthesis of each set of waveform
samples allotted to one frame period through each channel of the first group
such that the subroutine program runs to process the waveform samples
during the synthesis, each set of the waveform samples being reserved in a
buffer after the synthesis, executing the second synthesis program by the
- processor at one frame period so as to carry out synthesis of each set of
waveform samples allotted to one frame period through each channel of the
second group such that the subroutine program runs to process the
waveform sampleé' during the synthesis, each set of the waveform samples
being reserved in a buffer after the synthesis, and converting each of the
waveform samples reserved in the buffer in response to each sampling signal
into a corresponding analog signal so ast to generate the musical tones.
Preferably, the step of loading includes selecting at least one of
subroutine programs which ;’a.re designed for reading out waveform samples



I n. the above-nentioned second preferred enbodi nent, as seen from steps 902
and 903 of FIG 12A and from FIG 12B, the processing for generating
waveforms for 16 sanples over all channels is perforned in an inner |oop
and this waveform generation processingghor 16 sanples is kept perfornmed in
an outer loop until one franme is processed, thereby generating the _
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addressing a cache having a capacity sufficient to store a subset of the

waveform samples which is a division of the set of the waveform samples
allotted to one frame period, the cache being hit by the processor before the
buffer is addressed by the processor while the processor runs the subroutine
program to process each subset of the waveform samples.

The inventive method using a processor for generating musical tones
through groups of channels according to performance information,
coinprises the steps of loading a first synthesis program prepared for a first
group of channels and a second synthesis program prepared for a second
group of channels, successively providing performance information to
command generation of musical tones, periodically providing a trigger
signal at a relatively slow rate to define one frame period between
successive trigger signals, periodically providing a sampling signal at a
relatively fast rate such that a plurality of sampling signals occur within
one frame period, executing the first synthesis program by the processor at
one frame period so as to carry out synthesis of each set of waveform
samples allotted to each channel of the first group such that each set of the
waveform samples belonging to the first group is preceding reserved in a
buffer, executing the second synthesis program by the processor at the same
frame period so as to carry out synthesis of each set of waveform samples
allotted to each channel of the second group such that each set of the
waveform samples belonging to the second group is succeeding reserved in a
buffer after each set of the waveform samples belonging to the first group is
reserved, and converting each of the waveform samples reserved in the



hi gher priority is sounded. It will be apparent that these approaches
coexist, in which the fornmer approach is used for a predeterm ned nunber of
channels while the latter approach is used for the remai ning channels. In

t he above-nentioned second preferred enfpdi nent, the cache nenmory of
wite-through type is used. It will be apparent that the cache nenory of
wri t e- backpiRe B, d bt 6 t , t
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set of wavelhetessbairipger! siginadsl perivdicdlipnproviding- a sampling signal at a
relatively fast rate such that a plurality of sampling signals occur within

one frame period, executing the synthesis program by the processor at one
frame period so as to carry out synthesis of a set of waveform samples
allotted to one frame period such that the subroutine program runs to
process the waveform samples during the synthesis, the set of the waveform
samples being reserved in a buffer after the synthesis, executing the effector
program by the processor at one frame period so as to carry out
modification of the set of the waveform samples reserved in the buffer to
create a desired effect such that the subroutine program runs to process the
waveform samples during the modification, each set of the waveform
samples being reserved in a buffer after the modification, and converting
each of the waveform samples reserved in the buffer in response to each
sampling signal into a corresponding analog signal so as to generate the
musical tones together with the desired effect.

The inventive method using a processor for generating musical tones
according to perfermance information, comprises the steps of arranging an
algorithm to designate desired ones of subroutine programs provisionally
stored in a memory, assembling a synthesis program according to the
algorithm such that the synthesis program contains call instructions for
calling the designated subroutines from the memory, successively providing
performance .information to command generation of musical tones,

periodically providing a trigger signal at a relatively slow rate to define one



period, a buffer having a capacity sufficient to store the waveform sanpl es
allotted to one franme period, the buffer being used as a working area by

t he 43 processor for storing a tenporary set of the waveform sanpl es
which are treated by the processor duripg the course of the synthesis and
for storing a final set of the waveform sanples which are obtai ned upon
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converting each of the waveform samples reserved in the buffer in response

to each sampling signal into a corresponding analog signal so as to generate
the musical tones together with the desired effect.

As described and according to the first aspect of the present' invention,
the same algorithm portions are collectively processed in parallel for a
plurality of channels in a software sound source using a processing unit
having an extended instruction set capable of executing a plurality of
operations with a single instruction, thereby realizing faster computation
for waveform generation. In addition, as compared with use of extended
instructions for realizing parallelism by contrivance in the processing
algorithm in each channel, the prevent invention can realize parallelism in a
plurality of channels, thereby generating parallel programs for the plurality
of channels from the algorithms for one channel and hence enhancing
processing speed significantly.

As described and according to the second aspect of the present
invention, a unit in which waveform generation processing is performed in a
waveform generating buffer of a software sound source is identical to the
line size of cache memory or a predetermined integral multiple of the line
size, thereby realizing the waveform generation processing that is fast in
operation and hard for cache miss to occur. Further, the waveform buffer
is provided for each effect processing, so that connection among effects can
be altered easily and the cache hit ratio in each effect processing is
enhanced. Still further, a plurality of waveform generating buffers



allotted to the sane franme period after the synthesis, a plurality of

ef fector nodul es each being linked to a correspondi ng one of the buffers,
each effector nodul e being executed by the processor to carry out

nodi fication of the set of the wavefor anpl es reserved in the
correspondi ng buffer to create a different effect, a m xer nodul e executed
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sanpl s waveform data for a plurality of channels is increased, the processing time
for waveform generation is shortened. In addition, since the cache hit
‘ratio at outputting the waveform data for each sounding channel to the
plurality of buffers is increased, the processing time for waveform
generation is shortened. Moreover, the cache hit ratio at generating the
waveform data for a plurality of channels is increased, so that the music
tone generating method for shortening the processing time for waveform
generation can be provided in a machine readable media.

As described and according to the third aspect of the present
invention, the components of the waveform generating programs and the
effect programs in each sound source type are made of subroutines that can
be shared by these programs, thereby realizing a software sound source
based on a plurality of sound source types in less storage capacity.
Further, the same waveform processing-subroutines can be used by a
plurality of sound source types, thereby easily realizing an integrated sound
source based on mixed methods. Still further, shared waveform
subroutines are used by the waveform generation processing operations
based on at legst two different sounding algorithms simultaneously
executable on two sounding channels, thereby resulting in a saved program
storage area. Yet further, when the processing is performed in a CPU
having instruction cache, the cache hit ratio can be increased for the shared
subroutines. In addition, when perfoi‘rning waveform generation based on
the algorithms of a plurality of sounding channels by the CPU having cache,
the processing operationsgfor the plurality of sounding channels are



being reserved in said another buffer after the conputation. Preferably,
the m xer nodule is commonly utilized to carry out the conputation between
any pair of the buffers as specified by the total effect algorithm
Preferably, the controller conprises anggditor that edits the total effect
algorithmto arrange the sequence by which the processor sequentially
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store a subset of the waveform sanples which is an integer division of the
set of the wavelormn pxopessing| Isubroutinesorare rshareskr betweerh thieat waneform

capacity of each buffer is.set to.an integer multiple qf the capacity
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carrying owroeesdingueubroutines according to the designation, thereby realizing
algorithm editing with high degree of freedom. And, since the generatéd '
generator program incorporates only a call instruction of the selected
waveform processing subroutines, there is no need for performing branch
processing in the routines according to the selection.

While the preferred embodiments of the present invention have been
described using specific terms, such description is for illustrative purposes
only, and it is understood that changes and variations may be made
without departing from the spirit or scope of the appended claims.



synt hesr’ghl aoedone trigger signal to produce a set of waveform '
sanpl es o ones through the plurat uf X r ongg
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extended instruction set so as to carry out synthesis of waveforms of

musical tones through the plura.lity of the channels such that the plurality
of the channels are optimally grouped into parallel sets each containing at
least two channels and such that the synthesis of the waveforms of at least
two channels belonging to each parallel set are carried out concurrently by
the parallel computation steps; |

a buffer memory for accumulatively storing the waveforms of the
plurality of the channels;

another software module composed of an effector program executed
by the processing unit using the extended instruction set if the effector
program contains parallel computation steps to apply an effect to the
waveforms stored in the buffer metnory; and

. a converter for converting the waveforms into the musical tones.

2 A music apparatus according to claim 1, wherein the processing unit
executes the synthesis program so as to carry out the synthesis of the
waveforms, the synthesis including one type of the parallel computation
steps treating a nelatively great computation amount so that the plurality
of the channels are optimally grouped into parallel sets each containing a
relatively small number of channels, and another type of the parallel
computation steps treating a relativel¥ small computation amount so that
the plurality of the channels are optimally grouped into parallel sets each

containing a relatively great number of channels.
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a trigger si tively slowrate to define a frane period between
successi ve t , periodicalljg providing a sanpling signal at a
relatively fast rate such that a plurality of sanpling signals occur within
one frame period, periodically executing a synthesis nodule at each frane
period in response to each trigger signal so as to carry out synthesis of a
set of wav8f or mAs anetilesd of lgenkesting wnsiddlvonesahrodghas plasslityy of channels
plurality of buffers each having a capacity sufficjent to store the set_ of
t he wavef oby aesneofap proeessingt waits sieaf naivergal itypeahwesing hansextended

executing a plurality of effector nodul es ch bei .linked to a
. ¥
cor r espond TREOD Setusesl 6 Gadry Hibpatallelicomunbation; SEPs it wepopse o o
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comput at i oﬁhefnleﬂﬁjdsebnqﬁrigilng;mveform sanpl es stored in one buffer with
anot her set of the waveform sanmples stored in another buffer so as to mx

different effece¥ecyhing & mynbhesist programc by the i proeessing nuituasing the

execution of,th ffector,.nodul es and the m xer dul ;i n._a predetearmn ned
sequence t xisuilad ISETUGHOR Jset a0y 15, (0, GRERY ettty symibeslsy of L Wavsforthg of
different gli§EAPtoNES tRFGEERGH Blurality of the channels such that the plurality

of the channels are optimally grouped into parallel sets each containing at

per f or mance, | 1flormattion, conprises successively providing performance
I nformatio ‘ﬁ° ‘ m ation of nusical tones, periodically providing

least two channels and such that the synthesis of the waveforms of at least
two channels belonging to each parallel set are carried out concurrently by
the parallel computation steps;

accumulatively storing the waveforms of the plurality of the channels;

executing an effector program by the processing unit using the
extended instruction set if the effector program contains parallel
computation steps so as to apply an effect to the waveforms stored in the
buffer memory; and

converting the waveforms into the musical tones.

4 A method according to claim 3, wherein the synthesis program is
executed by the processing unit so as to carry out the synthesis of the
waveforms, the synthesis including one type of the parallel computation
steps treating a relatively great compufation amount so that the plurality
of the channels are optimally grouped into parallel sets each containing a
relatively small number of channels, and another type' of the parallel
computation steps treating a relatively small computation amount so that
the plurality of the channels are optimally grouped into parallel sets each
containing a relatively great number of channels.

5 A machine readable media containing a synthesis program and an

effector program for causing a computer machine to undergo operation of
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of 'tTHi et “ dre the set of the waveform sanples after conpletion of
t he :l |> {#fld the conputation, and converting each of the waveform
sanpl he designated buffer in response to each sanpling signal

into a correspondi ng anal og signal so ag to generate the nusical tones with
the total effect. The foll ow ng describes an el ectronic nusical instrunent

_practi ced généréﬂ@ggmg{e & t&geserth%ihﬁggfh ﬁiuﬂami%xgggﬁqu&%ely%i Bans of a

Basically, “the t erred enbodi as ge e sdme hardware
constit uti ppoesssimgumit dofhe uivertsaptyperhavingrandxtendedhimstrictiéh Get useadd
a software sound source operating according to the princinpl etérown in FI G
2, and opebQtGTHQWr Pagalleb computation [stophant kesprvss tonamingle mstangting,

First, noteygn,event processin erforned &en not e-,qn _event i s inpytted

W be qeSnEhal PincBRSRRr 1% b Sreciiie I Ty Hbal Bromkin: AR 4HE A
with refer ' t IS a note- on event,
the MDl ¢ gﬁﬁ% Pgﬁdggﬁmﬂgﬁgﬁﬂg P@F%ééﬁg?owﬁgﬁﬁgge-on event is recorded
in an MC regi st executingnthe syrithesis programddsy itheaprobessigg suwit, using tihe
velocity is rec&;ﬁge_d in a VE register in step S21. In the third preferred
enbodi nent extended instEuciion cseld spoasesencarmyl aiasyathesisjob awavelomas of

paramec e SuGEEE £5, 0 REAL LA NGB AR RSO R ATBh g
oo oo S e ey heipec pRO oIS g SR,
assi gnnment Jeasttttwo channels and such that the synthesis of the waveforms of at least
two channels belonging to each parallel set are carried out concurrently by
the parallel computation steps;
accumulatively storing the waveforms of the plurality of the channels;
executing the effector program by the processing unit using the
extended instruction set if the effector program contains parallel
computation steps so as to apply an effect to the waveforms stored in the
buffer memory; and
converting the waveforms into the musical tones.

6 A machine readable media according to claim 5, wherein the synthesis
program is executed by the processing unit so as to carry out the synthesis
of the waveforms, the synthesis including one type of the parallel
computation steps treating a relatively great computation amount so that
the plurality of the channels are optimally grouped into parallel sets each
- containing a relatively small number of channels, and another type of the
parallel computatijon steps treating a relatively small computation amount
so that the plurality of the channels are optimally grouped into parallel sets
each containing a relatively great number of channels.
7 A method of generating musicf'al tones according to performance
information through a plurality of channels by parallel computation steps,
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the method comprising: 2



soumﬂgmstmamua@k arerned is perfornmed (step S22). Next, for the sounding
chan t he soundi ng channel assigned in step S22, preparation

wgm E ing a tone having note nunmber NN and velocity VE by the
corr source type. Then inastep S24, note-on is witten to
the soundi ng channel register of the sounding channel concerned. Thus,

correspondi ng. ¢ BARARLsYSlyAS HBUMRN A ENED HIBHMARR S 10 N &H%n

preparing the nusi'c toné”ge era processing based on the correspondl ng

sound sour gentyaiion ofmﬁsﬁm tomespwi ng describes in detail the waveform
generati on processing of step 706 executed in the main routine of FIG 7A

with reference psrrdically. pmwdmgt ai trigger fagnald asnbotelativielyt slosv weatef to m
generati on @&ces%i ng i.s rg&%ﬁed t 0_as saun sourceﬁ cessing. This sound
source pro B’éﬂ@rﬁﬁ% WESHGTHCCRERINF y conputation, and
provides the gengtfiR %ﬁd‘ fgdts

the trigger sho%% I'n W@fgﬁﬂl@éoneﬁﬁp‘ﬂg %@WOWXJ etl ra.t\éhﬁrﬂch

i nterrupt ¢hat aphirality dﬂ’sampling signalroquurcwitliingorsd firdrae pericd; in step

S31, a preparatlon i s made. descri bed before, in the nusic tone

generating met hcarraangrwhgonbmumlsmaﬁéwsls v eeapanse to each drigges sngnal to

synt hesi zed b& sound sour ces, of agl urality of thyep nce Si C es
uce a sequence of waveform samples of the miisical toiies for each fratme

per-10d according to the provided performance information, the continuous
synthesis being carried out using the extended instruction set such that the
plurality of the channels are optimally grouped into parallel sets each
containing at least two channels so that the continuous synthesis of the
waveform samples of at least two channels belonging to each parallel set are
. carried out coﬁcurrently by the parallel computation steps; and

converting each of the waveform samples in response to each

sampling signal into a corresponding analog signal to thereby generate the

musical tones.

8 A machine readable media containing instructions for causing a
computer machine to perform operation of generating musical tones
according to performance information through a plurality of channels by
parallel computation steps, wherein the operation comprises:

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define a frame period between successive trigger signals;
| periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

carrying out continuous synthesis in response to each trigger signal to
produce a sequence of waveform samples of the musical tones for each frame

period according to the pravided performance information, the continuous

synthesis being carried out using the extended instruction set such that the
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are geneg: gdne nusic tone synthesizing algorithm and are

{ BiaERlac
col | ecti Vg ﬁ‘getm{s or the plurality of sounding channels. Next, nusic
t ones for.] Eﬂ‘ﬂ%ﬁ els are collectively generated for the plurality of
soundi ng of another nus{g tone synthesizing algorithm
Thus, the nusic tone waveforns generated by the sane program are

col | ect velslupghey 3 ¢he! BRAARKICAFRN6DEINAIG Bréupéd Cirfto pagallal ats 0sth

hence i ncréasing 't he processi ng speed.” There n this preparation

processi ng cohtairipgSat , least dwualichannedn sel that dhieccontindiouisasyhthesis of the
generates a nusjc tone haseq on one nusic tone. synthesizing algorjthm used
first, for Vea¥efora samn %Qg@tggaﬁtcwom&}mqri@be QNEIngcio;each M@h@r set are
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for 16 sanples of the sounding channel are collectively generate

conput at i osaniplingsignal imt® accorresponding enalog signdl dot thetebyygonerdtedtlior
16 sanpl es because one nusic tone waveform sanple is two-byte data and
32-byte dadAUSEAEEPNRSBt | vely transferred to the cache as described before.
Thi s enhances the processing .speed. Then, in step S33, it is determ ned
whet her generation of the nusic tone waveform sanples for one frame of the

Eggzdicggp fgsgge'%fgggﬁg{‘iﬁggﬁfénﬁe%rcgéﬁéﬁiﬁg hiudi®sl $8Res abyOnbats "6t a
| software, comprising; :

a processor that periodically works each frame period for executing
the software to carry out synthesis of a set of waveform samples allotted to
one frame period;

 a buffer having a capacity sufficient to store the waveform samples
allotted to one frame period, the buffer being used as a working area by the
processor for storing a temporary set of the waveform samples which are
treated by the processor during the course of the synthesis and for storing a
final set of the waveform samples which are obtained upon completion of
the synthesis;

a cache having a capacity sufficient to store a subset of the waveform
samples which is an integer division of the set allotted to one frame period
such that the capacity of the buffer is set to an integer multiple of the -
capa.city of the cache, the cache being hit by the processor before the buffer
is addressed by the processor so as to carry out the synthesis of each subset
of the waveform samples more efficiently than that the buffer is otherwise -
addressed by the processor; and

a converter that converts the final set of the waveform sa.mples stored
in the buffer into the musical tones. |
10 A music apparatus using a pibcessor to generate musical tones,

comprising:
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then t 1 s back to step S32. If the generation has been

conpl cision of step S33 is YES, the process goes to step
S35, in which 1t 1S determ ned whether tfie generation of the nusic tone
wavef orm sanpl es for one frame for all sounding channels using the first

sound source al go %}ligﬁﬁéﬁ'slsni&ﬁﬂe Cﬁéﬁbﬂic%%'éxehﬁ@e@eﬁ' stled prockort BENedéh

step S36, preparatfon is nmade for nusic tdne waveform generation by
conput at i ofrdme periextt sohasirtel carryn@uthisynbthesis safliac setl afomiaveforind saigples
process goe bac(i to step S32. On the other hand, if the generation of the

musi ¢ tone ENY age Pg iel s based on this algorithm has been

conpl eted, the pr o » Loeril ' it ] ] t he
The misi ¢ tone SO ga ehleR fRe bl i hBrcity, STERRHTL ) REGre R 38
al gor i t hms ghaghdewavefsih esafpled AllGtead t30thee sahO frafe ?&id&ta&ég%@d
I's found, the process goes to step S38, in which preparation s made for

t he nusi c synthesisef or m generation processing using a next algorithm and

t he process goes back.to S32.. Thus, the, nusic tone vef orm generati on _,
processi ng usi ng Pﬁérfﬂkt% Ogﬁékpt%rme lesse &%ngg-ﬁe & pITegRendingn

soundi ng. cRae &) e BT LB Rt (mBATIc bBfe eerflbed 1 HHoReMn to
deci si on otaffyebubSmhddifiestionY65thenet 8hithe waveform samples reserved in the
corresponding buffer to create a different effect;

48, i sT:mt %BeﬂmﬁE@at comput ati on of waveform sanples (step S34), and

a mixer module executed by the processor to carry out computation
of one set of the waveform samples stored in one buffer with another set of
the waveform samples stored in another buffer so as to mix different effects;

a controller that provides an total effect algorithm for instructihg the
processor to execute the effector modules and the mixer module in a
predetermined sequence to create a total effect which is desired mixture of
the different effects, and that designates one of the buffers to store the set
of the waveform samples after completion of the modification and the
computation; and

a converter for converting the set of the waveform samples stored in
the designated buffer into the musical tones with the total effect.

11 A music apparatus according to claim 10, wherein the mixer module
is executed by the processor to carry out computation of adding one set of
the waveform samples stored in one buffer to another set of the waveform
samples stored in another buffer by a desired ratio so as to mix different
effects, the set of the waveform samples being reserved in said another

buffer after the computation.

12 A music apparatus according to claim 11, wherein the mixer module

is commonly utilized to carry out the computation between any pair of the
- : . //_
buffers as specified by the total effect algorithm.
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step Sé@” lasddbsequent to step S39, the effect processing for the
music to nples generated by conputation in steps S31 through
S38 is p tep S39, preparation for the effect conputation is
made first. In t |s oceSS|ng t he segmence of the effect processing
operations to be perforned is determned. It should be noted that the

ef fect processing is skipped for the channels for which input/output Ievels
are zero. Next, in step $S40, the effect processing for one channel is

per for med d&cor dh npusict hpparstisnacobrding ¢bf eldint hE\nevherepn stles . corfiroHer

according to the third ef erred enpbodi rrent of the |nvent|on the effect
channel ._re@piﬁim’lse% %&fil tﬁw@;t edidsythe f @f%ﬁés%}g%'l hindteramranget the
T e et ormranch e idhich, fie dRB:ARBr Sear8iGafn SRRRR aflpRhed Sries,olifhe

ef f ect chagfRlcsof sfheau%l)and fthtehﬁnﬁéf 96lodR© GRS 8 aasﬁég Bfﬂelb%”cxéeﬁ;e the

conpl eted, preparation for next effect processing is nmade In

then the priesires guted effeck. to step S40. On the other hand, if the effect
processing has been conpleted, the process goes to step S43, in which
reproductlon of stereophonic waveforns for one franme is reserved. To be
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having a capacity sufficient to store a subset of the waveform samples which

is an integer division of the set of the waveform samples allotted to one
frame period such that the capacity of each buffer is set to an integer
multiple of the capacity of the cache, the cache being hit by the processor
before the buffer is addressed by the processor so as to carry out the
synthesis of each subset of the waveform samples more efficiently than that
each buffer is otherwise addressed by the processor.

15 A method of generating musical tones according to performance
information through a plurality of channels, the method comprising:

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define a frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

carrying out continuous synthesis in response to each trigger signal to
produce a set of waveform samples of the musical tones through the
plurality of channels for one frame period according to the provided
performance information, ' N

accessing a buffer having a capagity sufficient to store the waveform
samples allotted to one frame period,g'the'buffer being used as a working
area by the processor for storing a temporary set of the waveform samples

which are treated by the processor during the course of the continuous
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t he ar ThisSheét HadBeeh REpIdLAMES for which DMAB reproduction has been conpl et ed.
Thus, t veforns are generated and outputted by software.
Ac_cor-dl i preferred enbodi nent, the mnusic tone waveforns can
be genera t hree sound sourgg types; PCM sound source, FM sound
sou¥ce, 3ndnghésical nodel sound source. Nanely, according to the third
preferred e | ment_ ;the vef ormgenerat i . f

progr ans f%Yn@?@%t% @&%&ngf‘? e@?g}pﬁ&?&%qg%g%rﬁgﬁsﬁiﬁle&p&gggpe%r €

corres pondbﬁgaﬁfé(ﬁ Sn t E{)ﬁgpléﬁb?p SPoghee chyipifuodd rsymtdlesist hark wiidh aape

use a commDn wavefr orm processi ng subroutine to performtheir processing.
Thus, use ggctifitalatedthreughout ithe plurslity of déhetcharmelseduced size of each
program and the saved storage capacity of storage.devices., Since t

el o vl i ot sl A S scor et o
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converting each of the waveform samples reserved in the buffer as the

D

final set in response to each sampling signal into a corresponding analog

signal to thereby generate the musical tones.

16 A method of generating musical tones according to performance
information, the method comprising;:

successively providing performance information to command
generation of musical tones; '

periodically providing a trigger signal at a relatively slow rate to
define a frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signa.ls' occur within one frame period;

periodically executing a synthesis module at each frame period in
response to each trigger signal so as to carry out synthesis of a set of
waveform samples allotted to one frame period,;

addressing a plurality of buffers each having a capacity sufficient to
store the set of the waveform sa.mples' allotted to the same frame period
after the synthesis; _

executing a plurality of effector modules each being linked to a
corresponding one of the buffers to carry out modification of the set of the
waveform samples reserved in the corresponding buffers to create different

effects;
I —
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15A Ehm : 1Beplacedvavef or m processi ng subrouti ne descri bed above. 50
Each 1 fation processing is conposed of a conbination of
wav ef I Ml subroutines. Therefore, sone waveform processing
subroutines can be used by different sound source types. That is,
subroutine sharing is realized in the present enbodinent. In the nusic tone

peneratLon, oS3yl EEHURLg k5208 i i e el ™

table is first he processi ng, dress

progr essi ngraifefarsiPsgmhles 'storad dhnené baffeptwithuahethéiNset ofetifs avSebform

waveformdata is read out fromthe waveformtable stored in the RAM 103,
and t he r eagmples staradhimeapotherbufifier socasoto mix differendeffechsyrt of the read

address. For this int.erpol ati.on, -poi nt, i nterpQl ation, four-point.

"ter poi at 1 on,  PERVELE AR el ceifiett AEaENTo Toh IS USing Seettion of the
exanple, a | r - i at. i ont |

X 3B AR e O UoRd ol B, BRI shlfience. o
step S52, apatiel & tb%dl sffectowhiclid desieed ehisire Dfthendibfetent effdbts;
processing, filtering by a tinbre paraneter set according to velocity data
and so on is pedesignating nonei of dhembiuffers goastore dhei set of Ither wangform a
e ngSeEles pfferapmBletion OF the modification ard the computationsand - O

converting each of the waveform samples stored in the designated

buffer in response to each sampling signa.l into a corresponding analog
signal so as to generate the musical tones with the total effect.

17 A method according to claim 16, wherein the mixer module is
executed to carry out computation of adding one set of the waveform
samples stored in one buffer to another set of the waveform samples stored
in another buffer by a desired ratio so as to mix different effects, the set of
the waveform samples being reserved in said another buffer after the

computation.

18 A method according to claim 17, wherein the mixer module is
commonly utilized to carry out the computation between any pair of the
buffers as specified by the total effect algorithm.

19 A method according to claim 16, further comprising the step of
editing the total effect algorithm to arrange the sequence by which selected
ones of the effectar modules and the mixer module are sequentially executed
in a desired order to create the desired total effect. |

20 A method according to claim ‘,16, further comprising the step of
addressing a cache having a capa.citj;' sufficient to store a subset of the
waveform samples which is an integer division of the set of the waveform
samples allotted to one fraige period, the cache being addressed before the

O O




this Has Begn dope wavef orm conposed of four states of attack, #1
decay, ﬂ H rel ease is generated. Then, in step S54, volune

mul ti pl currul ation processing is performed. In this
processing, the nusic tone waveformreask fromthe waveformtable (step S51)
and filtered (step S52) is nmultiplied by the envel ope data generated in

step S53, {heeresulty S| f rr%i,ﬁt céhéll_,p |
accunul at eﬁ ' olsaﬁaggé‘ﬁép #(ggafsgptgré%}]‘g glrlilfnet?'%e rﬁe%‘:iss'?fefr. o%%é%%%@ﬂge
specific, {hHgfomal daenprxchosrs icfieitdalyt than eohapusadh abuaffessionothersisby
|l ogarithm c scale and the resultant sumis logarithmcally nmultiplied by

t he wavef oaddréssedhoul d be noted that data corresponding to four registers,

namely two stereophonic output registers (accunulation buffers #OL and #OR)
and two effect registers (accunulation buffers #1 and #2) are outputted.

51 FIG h ' : | : '
sound sour €b. 1 e RACHAET Eadible" TSR oA AhSithiohe TR Aty
read from gogigigtdrathfichind rt@nﬁéfm\/aﬁ?gfﬁd)ﬁ, ofngeneratingt rausjcadd tones

corresponding to a note number NN. No interpolation is performed on the
read data. abeetdingn tet gerkamance cinfermasiomvidirough & qelumgutﬁd of| &1@411@15,

exanpl e, an _envel oge wavef or m havi ns% two states i s generated.
wherein the operation comprises:

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define a frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

carrying out continuous synthesis in response to each trigger signal to
produce a set of waveform samples of the musical tones through the
plurality of channels for one frame period according to the provided
performance information,

accessing a buffer having a capacity sufficient to store the waveform
samples allotted to one frame period, the buffer being used as a working
area, for storing a temporary set of the waveform samples which are treated
during the course of the continuous synthesis and for storing a final set of
the waveform samples which are obtained upon completion of the
continuous synthesis and which are accumulated throughout the plurality
of the channels;

addressing a cache having a capacity sufficient to store a subset of the
waveform samples which is an integer division of the set of the waveform
samples allotted to one frame period, the cache being hit before the buffer is
addressed so as to carry out the continuous synthesis of each subset of the
waveform samples more efficiently than that the buffer is otherwise

addressed; and _ T
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The > : logpd waveformis used for a nodulator. Then, in step S63,
a volu u ion is performed. To be nore specific, the envel ope
wavef o a nodul ation index by logarithm c scale and the
resultant sumis logarithmcally mul tipjd ed by the waveformdata read from
he waveformtable, or the resultant sumis multiplied by the waveform data

while converti ngoﬁ{?értgﬂ eIaJ'cBI”Er)]f %lﬁfﬂfa\}e?oﬁﬁ%ﬁﬁﬁles f&é{'vec? ?nﬁab%ﬂ%lgﬁér ak'the

waveformtable IS rea ut. In S processing, the resu

above- nent finab@ey dinuresponde boi exsh eanipling dignab intensergspendisg &n@lbﬁ
t hat the phase_changes at a speed corresponding to the note nunmber NN. The
si ne t abl e5ignel dadiezebygenerate the apasical tones.e sel ectively read with the
i nteger part of the resultant sumused as an address. Linear interpolation
according to the fractional part of the resultant sumis performed on the
read out pugg ThAN mbBhHE Presifablg U AHAA! PofliAirial IHdUrELBAS FoP Ul iflEaO"
the interpolated read output. Tn step S66, Tour-state envelope generatron
processi ngeoraprget om@chinkhitoy ppadens apdrativanest| gondratisgmsicalneones
processing of step S53 of FIG 15A. In step S67, volunme nultiplication and
accunul at | ascordings e nperformarnias information $heeugh-e, pluralitss wof:

I s out puttegieto. t&g}ae accunul ation registers (L and R registers and an

ef f ect regW E?l)n. @peig%ogmpﬁe%xanpl e of the music tone generation
: b Lo q hi . . 1,
br ocessT nd) B PysleRalvolpdebrodile S CHEABrahde/! ftASEASH Ot NosiRag

TH (throat) nodule proc r emulating the resonancé o
t hr oat . Irgéﬂératimpgﬁmﬁs‘mal pohesyry DCF processing and del ay without

periodically providing a trigger signal at a relatively slow rate to
define a frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

periodically executing a synthesis module at each frame period in
response to each trigger signal so as to carry out synthesis of a set of
waveform samples allotted to one frame period,;

~ addressing a plurality of buffers each having a capacity sufficient to

store the set of the waveform samples allotted to the same frame period
after the synthesis;

executing a plurality of effector modules each being linked to a
corresponding one of the buffers to carry out modification of the set of the
waveform samples reserved in the corresponding buffers to create different
effects;

executing a mixer module executed to carry out computation of one
set of the waveform samples stored in 6ne buffer with another set of the
waveform samples stored in another buffer so as to mix different effects;

providing an total effect algorithm for instructing execution of the
effector modules and the mixer module in a predetermined sequence to
create a total effect which is desired nﬁi{ture of the different effects;

designating one of the buffers to store the set of the waveform

samples after completion of ghe modification and the computation; and

A




one- tThigS efnRieplaed ar e perfornmed for exanple. Then, in step S72, QR
(grow l | ssing is perfornmed for enulating the vibration of

t hr oatj. essing delay processing with one-tap interpolation is
52" perforned for exanple. It should be %t ed that the processing operations

in steps 71 and 72 are not performed for-a string nodel. Then, In step S73,
bl ow i n secti on GUEOYETEiES cRgheP) W SANCIOTRy SHTRIGE AOrHa: Vodhenderignpted
Cri ; . _ . . :

ot ocossi ng. P g A RRgiorsc, fodBAEh TrnrEt HAdhl ST K ATBooRdil Bnalee

i nt er pol at isignalegisl as ¢begarrabeg the musival tehee with therdotabeffact.on are

utilized. Next, in step S74, an LN (linear) nodul e processing having a
predeterm ned delay is perforned for enulating the resonance of a tube (for

t ub del | ating the,length af t i for .St del )., I'n fhi
processi ng 23icl 4 echiteseadpbltnimsdier Sedasring, the Sfeift 22y Jeharei fhe, dabxer”
| i DCF . .

pr ocessi ng TROURE b PEREANCEY (8TPBRLS ot cBnfRutation Tf (RARETEAE) BB She
emul ating twgvefesanaageplds btehed( inr oaér buffepoktel anotherssetp o7 fhe owasefdrng

the same volune multiplication and accumul ation . L
samples stored in another buffer by a desired ratio so as to mix different

effects, the set of the waveform samples being reserved in said another

buffer after the computation.

24 A machine readable media according to claim 23, wherein the mixer
module is commonly utilized to carry out the computation between any pair
of the buffers as specified by the total effect algorithm.

25 A machine readable media according to claim 22, wherein the
operation further comprises editing the total effect algorithm to arrange the
sequence by which selected ones of the effector modules and the mixer
module are sequentially executed in a desired order to create the desired
total effect.

26 A machine readable media according to claim 22, wherein the
operation further comprises addressing a cache having a capacity sufficient
to store a subset of the waveform samples which is an integer division of the
set of the waveform samples allotted to one frame period, the cache being
addressed before the buffer is addressed so as to carry out the synthesis of
each subset of the waveform samples more efficiently than that each buffer
is otherwise addressed.

27 A method using a processor for generating musical tones through
groups of channels according to performance information, the method

comprising the steps of: . EINDUEENEEES———
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pr oCriSheegHa B kaded above is perfornmed. In this exanple, five |lines of

out pu _ d. For the constitution of these physical nodel sound

sourc i s made to Japanese Non-exam ned Patent Publication Nos.
- n

Hei 5-1¢ -a I 6-83364. The foll gy ng describes reverberation
processing with reference to FIG 16 as a particul ar exanple of effect

Cever bor at i on IR T frd syREPERls; DropPl Dheflorsd Sforf HAY, bty of

S81. In thihagnalsand h“@eddﬂ&%yﬁthéﬁba?rdgmmwewmdt forus, sewonidagroup of
S

interpolation are perforned. Thén, in step S82, two |ines of all-pass
filter prochannels bogetherfwithea subroutine pecgramwtilizedcoormendy dezibajh of

SZLtQ?aFi é Eﬁf&%&%&%&ﬁg@@"mf °¥$ﬁ$ﬁ§§ﬁ%%wf B atatHoe PO csei g ns
menti one efore._ i e - 1- ' : '
lsed %53 he. Sublefiely nBiRvidig DpRrfiince GuhbiBh Do dBimAE

FIG 16, ipehbfatibiicf dRfeadebaest i on processing and effect processing
based on tHRe above-nentioned sound source types, volume nultiplication and

accunul ati on, wpeefatticallgbpeovidinigna, tigger sighalnasl apeelgbivelyitslow aate to
define one frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the first synthesis program by the processor at one frame
period so as to carry out synthesis of each set of waveform samples allotted
to one frame period through each channel of the first group such that the

‘subroutine program runs to process the waveform samples during the

synthesis, each set of the waveform samples being reserved in a buffer after
the synthesis; |

executing the second synthesis program by the processor at one frame
period so as to carry out synthesis of each set of waveform samples allotted
to one frame period through each channel of the second group such that the
subroutine program runs to process the waveform samples during the
synthesis, each set of the waveform samples being reserved in a buffer after
the synthesis; and

converting each of the waveform samples reserved in the buffer in
response to each sampling signal into a corresponding analog signal so as to
generate the musical tones.
28 A method according to claim 27, wherein the step of loading includes
selecting at least one of subroutine programs which are designed for reading
out waveform samples from a wave talzle, for filtering the waveform samples
to modify the music tones, for creating an envelope of the waveform

samples, for controlling an amplitude of the waveform samples, and for

accumulating each set of thg waveform samples into the buffer.
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execut ed Fﬂ—eennen_nanneLp__Iherefore preparing these processing

. operations ubroutlnes forehand and conbi ni ng these subroutines to
execute-pre S|ng operations by the sound source prograns
can reduce a H EE rage capacityg,This setup also allows music tones
to be synthe gorithm based on different sound source types, in

which data generated by one sound source type can be used by another sound
source type for nusic tone generation. For exanple, a waveform generated by

POM can be geped Amath dcbatdiiil YGKRLA P8I Wiidieir NS stah dFIdainPHitludes

source. The foll ow ng wave m pr ocessl ng out| groups

shared by floadatpthe rmiea:tmdedubrwtaael pmglmnaﬁronna sécondiutyr onémoey into a
associated with meveforn1“&Fle r eadi,ng subroutlneS\? hout i nterpolation
Wi t hout FMPTHOATFANgMmQyy, Wiieh is uﬁ@drasmamr kang area o FOQESEOR ar
interpolation, with four-point interpolation, and-wth siXx-point
interpolation. These subroutlnes perform processing for reading a waveform

table prepaged ig ?]acf d xzé’ ﬁg ERFH0 Y e Fubbhér ﬁbﬁl(?&%i)%é\ll\éteb e

| i ke. These subroutlnes | routine flor provi |ng

nodul at i on acldressingeadcaclee havidga as vhpacitynsufficient rfoostore a subseblaﬁ the
for preventing aliasing noisge formoccurring

hese suybr.outines, are mainly
used for PEAvefermvsaBiples swhicleds & gl)wem @ft&&geﬁs&@%wafpm samplesn

it ﬁ? Lrepgle;te -r@m.%{;e&' toSoJIPe uaEn'lg %Senvt\gé ht & cathiéh g"?1 iné) By rﬁ’e \I'J\”rtt)gessor $&fore the

buffer is addressed by the processor while the processor runs the subroutine

program to process each subset of the waveform samples.

31 A method using a processor for generating musical tones through
groups of channels according to performance information, the method
comprising the steps of:

loading a first synthesis program prepared for a first group of
channels and a second synthesis program prepared for a second group of
channels,

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define one frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the first synthesis program by the processor at one frame
period so as to carry out synthesis of each set of waveform samples allotted
to each channel of the first group such that each set of the waveform
samples belonging to the first group is preceding reserved in a buffer;

executing the second synthesis program by the processor at the same
frame period so as to carry out synthesis of each set of waveform samples
allotted to each channel of the second group such that each set of the
waveform samples belonging to the second group is succeeding reserved in a
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Thesélhstsheeauislga BLfor m processing in which a function table prepared in
t he d with waveform data as address, and val ues of the
wavef o QHIE ,Efﬁ nverted. These subroutines are used for the physical
nmodel sou nd ef fect processingssuch as distortion. 54 (3)
Subroutines associated with interpolation: subroutines with Iinear

I nterpol ati r
i nt er pol at |%ff%2gﬁ%£?%§gﬁ(%r(2§gﬁ% % fEyﬂglréal(::ﬁr—1 ]T)gg)fl\r%ﬁgerfor maéStf 5101}9
del ay Iengtrbsevaedglzmd processing in the physi cal nodel sound source. The

subroutine with tinme |nterpol atjon is used for volunme control of
aft er -t ouch. (4)comwirbmg sech aek tbeawewelonn samples mgseréf@dr mtﬁhmbuffemm

APF (all - fil t t DCF Th
Subr ot | nodoapensg H epch TP UREBRADIT 1hg HTECIR IR §oeinE BErnal Peat to
and phase ?‘Qﬂ? E’Eéeﬂ‘légh 6Sicaf toh&d.c tones. (5) Subroutines associated with

conb filte ese subroutines are nmainly used for reverberati on processing
and in the physical nodel sound source. (6) Subroutines associated with

envel ope gener at i on €r ocessi ng
hod using a processor for generating musical tones according to

performance information, the method comprising the steps of:

loading a synthesis program and an effector program together with a
subroutine program utilized commonly for both of the synthesis program
and the effector program; |

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define one frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the synthesis program by the processor at one frame period
so as to carry out synthesis of a set of waveform samples allotted to one
frame period such that the subroufine .program runs to process the
waveform samples during the synthesis, the set of the waveform samples
being reserved in a buffer after the synthesis; |

executing the effector program by the processor at one frame period
so as to carry out modification of the set of the waveform samples reserved
in the buffer to create a desired effect such that the subroutine program
runs to process the waveform samples during the nibdiﬁca.tion, each set of
the waveform samples being reserved in a buffer after the modification; and

converting each of the waveform samples reserved in the buffer in
response to each sampling signal into g corresponding analog signal so as to
generate the musical tones together Wﬂ;h the desired effect.

* [ L M s * .



subroutines with two-state EG four-state EG and so dfhis ShéeeHaBegen Repleced
generated by these subroutines are used for controlling vef orm
volune, filter cutoff, and pitch. (7) Subroutines assoc unme
control and output processing: subroutiggs such as |out, Zout, 3Jout, 4out,

- and 6out. These subroutines nmultiply data such as the envel ope for

control | i ngamusi :
P anon soi 25| o mhEftiod Bre0eAe! B0 B a2, WhH il thadleb BRICHIAME Litudes
accunul at e sthetimgsat leant o ofisuboottioe programswhick ave\ddsigned foa filkering

correspondi ng accunul ati on buffer for each output linpe. (8). Subroutines
associ at ed thetwavelerm samples teqnedify: theipresic itones sfarrdeleying theqwavefarm

[ t d two-nodul ation.d t. Th b ti | at e dat a. h
ot tone SHITHRS o THORYE B TSR oo OhedOR ONLG oA ST it o bhie
9) Sub . . ) F . .
gS)(lg)rgEBs{ out ??11212 as@ogélj’a% I’]F\(/)\Ai-t cé‘e; aﬁ%@%%@ggﬁggfsu}g@ﬁ?ﬁggﬁgﬁ@ﬂ%
one-tap i nitgpthebuffer.wi th one-tap i nterpol ation,

34 A method according to claim 32, further including the step of
addressing a cache having a éapacity sufficient to store a subset of the
waveform samples which is a division of the set of the waveform samples
allotted to one frame period, the cache being hit by the processor before the
buffer is addressed by the processor while the processor runs the subroutine

program to process each subset of the waveform samples.

35 A method using a processor for generating musical tones according to
performance information, the method comprising the steps of:
_ arranging an algorithm to designate desired ones of subroutine

programs provisionally stored in a memory;

assembling a synthesis program according to the algorithm such that
the synthesis program contains call instructions for calling the designated
subroutines from the memory; ,

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a rélatively slow rate to
define one frame period between successive trigger signals; ,

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the synthesis program by the processor at one frame period
so as to ca.rry out synthesis of a set of waveform samples allotted to one
frame period such that the designated subroutine programs are sequentially
called in response to the call instructions to process the waveform samples
during the synthesis, the set of the waveform samples being reserved in a

* c L M § - *



eC| f I ed
del ay |l ength, and output the resultant del ayed vvavefo ’1 xanmpl e,
t hése subroutines are used for rever bergstlon processing and the resonating
section of the. phy5| cal nodel sound sourcte. (11) Subroutines associ ated

W th m xer se &ubr | are ed for the output section of a conb
filter. ?% ?ﬁ(ﬁ’ﬁ{jﬁ @Eﬁﬁ%‘g’ a‘&ﬁth reference to FIG 17, an exanple of
an overal | al 00CbhEtthgtelus (f tHOSwEOBRIA HarhBRid %@éér'%ﬂt fif tHeUBHffepUiLe

processing described wth reference to FIG 14 schenatically shows
a nusi c t omesponsehis eachgaahplingtsignal ud;a”ramom'respmcbngeam.log gnehie fast tee

nmusi ¢ tone generatijng nethod according to .t ventlon is applied.
In the figBeBeraterhremusiaahtongs Meégﬁbﬁ@&ﬁéhﬂ cfgilrentﬁ?f%tmd source and

reference nuneral 22 denotes a second PCM sound source, the first PCM sound
source 21 functionally precedding the second PCM sound source 22. Reference-

nurer al 23 genowesnﬁthbastgﬁﬁy@ag%gsewﬁ@ Bﬁv'xﬁﬁeféiﬂr tRBeEHd réf dr?

nuner al enotes a seco source havi ng two opera OI‘S

refer ence oorrmza$e52&1emgmtmga aphyeastalonedsf sabrodthmurmograimss, whmh are
illustrate rmS| C g ner at or has five smind sources based_on_different
met hods ( dAesignes: ng@u@m\r oferm samples framm a mave fﬂr Bexing

of ste Sl t hr n F opind tece 21

cor espondtig SVER %%H@%W o ohd; pmlle SRS L, RBLAE ot eovplone,

to the roupf rﬁlé)fwﬂéforﬁﬁ BandplRsPR¥E ! Silitrolling an amplitude of the waveform
samples, and for accumulating each set of the waveform samples into the

buffer.

Wi thout 2-tap interpolation, and 2-tap interpolati onThi
del ay waveformdata inputted by a tinme length corresp

37 A method according to claim 35, wherein the step of assembling
includes loading the designated subroutine programs from a secondary
- memory into a primary memory which is used as a working area of the

processor.

38 A machine readable media containing instructions for causing a
computer machine having a processor to perform operation of generating
musical tones according to performance information through groups of
channels, wherein the operation comprises:- |

loading a first synthesis program prepared for a first group of
channels and a second synthesis progré,m prepared for a second group of
channels together with a subroutine program utilized commonly for both of
the first synthesis;program and the second synthesis program,; '

successively providing performance information to command
generation of musical tones;

periodically providing a trigger‘,signa.l at a relatively slow rate to
define one frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such

that a plurality of sampling gignals occur within one frame period;

* ¢ L K s *
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nodel sound source 25 corresponds to the routine of FIG _15C It should be
noted in the figuer that the nunbers on both sides of a This

t he nunber of channel s bei ng sounded/the nmaxi num nunber o r
exanple, 2 8 in the first PCMsound sougge 21 denotes th

nunber of channels of this PCM sound source is eight, of which two channels
are current sou . r%ﬂ% 3 ugul at i
buffer (a m xer rbg%g}lglrl}g goﬁﬁppﬁ(;é%d Jnfxggkfers &nﬂ{lﬁrﬁ%ﬁg‘aﬁgﬁ g*il'(ﬁ{é fthme
accunul at i qieried kergs @ c%!i*gf butadyhthlesist 6f 886 @at Q)fGWﬂﬁéfdrﬁi 'sﬁ,ﬁlplbﬁ\ﬁ.lltﬁ:té&e

L channel section and the channel section, respectively. The nusic tone
wavef orm omtnpune frame periosbtihhrbughieach Gham:fne]oog I’thESﬁ:ES’GngO‘lq) suchutlsabithe
ef fect processi.ng routines are WW|tten to these accu Iatlon uf fers. TE
witing is SBZX BEiRe) DRPZEARY I tey Riesess dihe (wake wang t

gener at ed S S
artached wiYREGEsr PUEH'RY B Hanfohl Bl ?éfﬁ%f@sve?iﬁéﬁ‘g B BT, pier
correspondlthgstyqlt%gig sanpling timng. In this witing, mxing of a
plurality of misic tone waveforns is also performed. In this exanple, the
#0 accumnul at i on exectibing the second synthmlplprogmafmby thee procgssor albeomoframe
b I d, b I b t put.t ed
Dect9 CaUALeEEsd 8% a3 kS carry Gub'synthests of each seb Of wavetorm samples allotted
to one frame period through each channel of the second group such that the
subroutine program runs to process the waveform samples during the
synthesis, each set of the waveform samples being reserved in a buffer after
the synthesis; and
converting each of the waveform samples reserved in the buffer in
response to each sampling signal into a corresponding analog signal so as to

generate the musical tones.

39 A machine readable media containing instructions for causing a
computer machine having a processor to perform operation of generating
musical tones according to performance information, wherein the operation
comprises: |

loading a first synthesis program prepared for a first group of
channels and a second synthesis program- prepared for a second group of
channels; .

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define one frame period between successive trigger signa.ls;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the first synthesis program by the processor at one frame
period so as to carry out synthesis of each set of waveform samples allotted
to each channel of the first group such that each set of the waveform

* c L L] s *




The equal i zi ng processing 27, reverberation processi NgTESshe& AL BiSn Re laced

processi ng 29, and tube processing 30 (for attaching Va}ﬂ"ﬂ)ﬂlﬂﬂﬂ r
IHE of
i" i zed

characteristics, providing the same effect as distortio
her, the reverberation processing

the effect processing. These four effecg processi ng ope

by steps S39 through S42 of FIG 14. Fur% _ \ oc

28 .

o crence FHEBIEE SHUIEERE A OSSR R AL 1
Buf  or s #1. ¢ hr ougrs Sa g Ui seColRP Sy RENESs Jtokrinl By fife ProbaRol el Sane
one of theframme qeriodtscoas hof tarry 60t tsyndhesis#af edtle sebl ofowavefommcsapies

the al gorithm of the abpve-nmentjoned sound sources 21 .thtough 25 by using
the PCM soﬁﬂ@tMrt@e,eaﬁ rC Hﬁ‘ @? &FGGSGQQH cBEQRP i sugh ﬁlaftl gaeh a3ets o trile

o Rl o1 S bl BRRYEIAEIIS RS B8 RHbeRe R REPRRT RS

vavef or m t BafRr dfedreesek seb oTthe! wavefine s8m e%&éﬂgrigéalﬁ@gzgegg%‘git%gu&) is

section (wth four-point interpolation), reference nu

quartic DCFeseevedpandr ef erence nuneral 34 denotes an envel ope generating
section, and reference nuneral 35 denotes vol une | tiplication, and .
accunul ati on preeR¥ertipgeach f t rEvelosm sagyples reserved in the buffer in

response to each sampling signal into a corresponding analog signal so as to

generate the musical tones.

40 A machine readable media containing instructions for causing a
computer machine having a processor to perform operation of generating
musical tones according to performance information, wherein the operation
comprises: |

loading a synthesis program and an effector program together with a
subroutine program utilized commonly for both of the synthesis program
and the effector program;

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define one frame period between successive trigger signals;

periodically providing a sampling signal at a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the synthesis program by the processor at one frame period
so as to carry ouf, synthesis of a set of waveform samples allotted to one

~frame period such that the subroutine program runs to process the

waveform samples during the synthesis, the set of the waveform samples
being reserved in a buffer after the synthesis;

executing the effector program by the processor at one frame period
so as to carry out modification of the set of the waveform samples reserved
in the buffer to create a dgsired effect such that the subroutine program

.




nuoeral s 36 through 39 denote accunul ation buffer sect _}5919 cctd g Bécat Replwat e
nunerals 36 and 37 denote an L channel section and an n
respectively, of an output buffer corresponding to the #ﬁ e

a

- above- nenti oned accumnul ati on buffer 26. gigef erence nuner enot e
accurnul ation buffers corresponding to the #1 buffer and the #2 buffer,
respectivel 0. = | | at.l: : t

Sound sour CXTEat BOeRE’ Yis TREHERRAE <GB il tHe bicditatidh, diGHHE of
~ reading Se@h@ﬁa%fdﬁﬂ%ﬁﬁ&pb@dieiﬂgtmséﬁ\@d ¥ba)bufferafiee the medifieakions and

that progresses according to a note nunber NN. Based on the integer part
t her eof , wavef oraanyerting eashdob dheawdveformr samples reserviedain i khenlbyffer in

four-point interpolation is r f or.med, .The out put of .this section is

o1 oF ou " hrePhante it e hesmBlng SERaL iBia A PR e ReRding Snale iehal weras to
i nputted i |ty pLd | C. ‘ essing 35

(ot b pon@ERTale thTnilbical BnESLoRRIRT b RECHE UBE] JMRE°20 B0 50
generator 34 (corresponding to step S53) is also inputted in the volune

mul tiplication and accunul ation g ocessing section 35. The above-
nent i oned vdvef d nmichipet readabld apedimmt eontaining einstanctionsi for lcausinglasa

classified by accunul atji.on buffer are nultip]ied each other, the .
Ul £ pl 1 o aCOTDRURR PRACHOR BAVHI & BOPRRSOR oI ETIE COBRANHA 1l Generating

2 'soundi n R AL LoBHs atEeRT b PR fipbafice HfbyRiRticn; Ml TR Speitfo”
accunul at e@oh@pfiBes:accunul ation buffers 36 and 37 after being

vol une-controlled according to the envel ope and the | evels of the direct L
and R outputs. arranging an algorithm to designate desired ones of subroutine

programs provisionally stored in a memory;

assembling a synthesis program according to the algorithm such that
the synthesis program contains call instructions for calling the designated
subroutines from the memory;

successively providing performance information to command
generation of musical tones;

periodically providing a trigger signal at a relatively slow rate to
define one frame period between successive trigger signals; _

periodically providing a sampling signal at-a relatively fast rate such
that a plurality of sampling signals occur within one frame period;

executing the synthesis program ny the processor at one frame period
80 as to carry out synthesis of a set of waveform samples allotted to one
frame period such that the designated subroutine programs are sequentially
called in response to the call instructions to process the waveform samples
during the synthesis, the set of the waveform samples being reserved in a
buffer after the synthesis; and

converting each of the waveform samples reserved in the buffer in
response to each sampling signal into a corresponding analog signal so as to
-generate the musical tones together with the desired effect.
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The nusic tone waveform data of a soundi ng channel on which effect
processing is perforned is accunul ated to the accunul ati on buffer 38 or 39
after being volune-controlled according to the envel ope and the | evel of
transni ssion to each effect. The fol | ongyig describes an effect al gorithm of
t he above-nenti oned effect processing section by using, the reverberation

processi ng 28 (correspondi ngg H@S N'D@@U‘R Ei FIG 19

schematically illustrates an a gorl n1|n e above-menti oned reverberation
processing 28. In the figure, reference nuneral 41 denotes an accunul ati on
buffer 58 corresponding to the above-nenti gned #1 buffer, and reference

numeral 42 denotes a del ay section (ABSIIRALIThg to step S81)
representative of an initial reflective sound, which is a delay section
wi t hout two-tap interpolation. Reference numsral 43 denotes two |ines of

Il - filt LesHoRAl
2 x Pines of - com FFFCRBBRMANR s’ ProdiSting hf 6F S uRERAl tfBodiaihe’
denotes a ghx@ttendedninstidctiba syﬂtnmédswfcame omr@afallélemﬁnﬁﬁtaﬁoﬁeét%patlﬁ

outputs of the two channels L and R, and reflerence nuneral s” 46 an
denot e t woréspansedto al smgk&mstruc’non whiclnishsuécassivelytinsued vhan ekecuhng

m xer 45 is inputted hese, si x I|n s, of mb filters,.44, er 4 Iwo
"I Not of afi DEBGtATY; A Solgrare; mOAUIS dSiNes 'a plarality of "cHannels &Rd is

composed of a synthesis program executed by the processing unit using the

extended instruction set so as to carry out synthesis of waveforms of
musical tones through the plurality of the channels. The plurality of the
channels are optimally grouped into parallel sets each containing at least
two channels. The synthesis of the waveforms of at least two channels
belonging to each parallel set are carried out concurrently by the parallel
computation steps. A buffer has a capacity sufficient to store the waveform
samples allotted to one frame period. A cache has a capacity sufficient to
store a subset of the waveform samples which is an integer division of the
set allotted to one frame period. The synthesis program is executed by the
processing unit at one frame period so as to carry out synthesis of a set of
waveform samples allotted to one frame period while efficiently accessing
the cache. Any designated subroutine programs are sequentially called in
response to call instructions to process the waveform samples during the
synthesis. (Refer Figure 1)
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correspond to the above-nentioned step S83. The outputs of these conponents
are inputted in the volune nultiplication and accunul ati on processing
section 48 (corresponding to step S84). In the volune nmultiplication and
accunul ati on processing section 48, the output of the delay section 42 is
m xed with the outputs of the all-pass filter 46 and 47 at a predeterm ned
| evel , the m xed outputs bei ng accumul at¢d t he correspondi ng
accurrul ati on buffers 49 through 52. ReferénCe nunerals 49 and 50 denote an
L channel section and an R channel section of the same accumul ation byffer
#0 for. output as the Ebned accunul ati on buffers §$ and 37. T®e
nmusi ¢ tone waveform being attached with reverberatioﬁ? S

witten to thesewcchngl Ref erence nuneral s /51 and § P
accunul ati on buf fErs] e ‘_v', t channfel s, | <
respectively, of the ; f fer o=
reverberated nusic t (f or
tubing) is perforned ; ROt 6 #a
t he attaching of anothe ' ts df =
accurul ation buffers 51}and § d i n §he Mg ®
tone generating nethod ) q I nventi on, wayv e
generating progranms and|the effefpt processirg ogranms based on the various
sound source types are gonstitutpd by common ef orm processi ng
subroutines. The fqg
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59 descri bes how these prograns are stored in nmenory by using a nmenory nmap
of the RAM 103 shown in FIG 20 for exanple. It should be noted that
control data is held in an area where the contents of these prograns are
witten. Below the control data, the waveform generating progranms (TGPs)
are stored sequentially. As shown in the figure, the waveform generating
progranms required for this music perfor Gp%gare sequentially stored,

nanel y, the waveform generating program providing the first PCM sound
source, the waveform generating program TGP2 providing the second PCM sound
source, the waveform generating program TGP3 providing the physical m)d%(:a)l

' CM

sound source, the waveform generating program TGP4 provi ding thefthjr
sound source, the waveform generating pro@gmn TGPS providing t M d
source, and so on. The three flowcharts skegh in FIGS. 15A to 5d-3 @"'
speci fic exanpl es of _these waveform genepatll ug prograns. sk@w#—%@ﬁﬁ
wavef orm generating programis gonposed o mpader part and a gdrmre QQ@
routi ne part. The hed&ler part stores a na Z@har s, anqy |<O=
paranmeters of this pfegram and|the genergphg routji ne paft stords %E
wavef orm generati outi ne usi hg above- ngpé? oned pr ocedEi wl
subrouti nes. Fol @ t he waveform gener@i ng prodrans, ¢ffect Jr o
(EP) are stored. tlhi s area, }he pr.ogram®for--performTy-a-vart
ef fect pa
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processing operations are stored. In the illustrated exanple, EPl for
reverberation processing, EP2 for chorus processing, EP3 for reverberation
processing, and so on are stored in this order. The reverberation
processing showmn in FIG 16 is a specific exanple of this effect program
EP. Each of these effect prograns is conposed of a header part and an
effect routine part as shown. The header3 ?28 stores a nane,
characteristics, and paraneters of this efféect processing, and the effect
routine part stores an effect routine using various waveform processing
subroutines. Follow ng the effect prograns, the waveform processing
subroutines are stored. As shown, the above-ngntioned wavef @ m

processi ng subroutines are $ ¢d in this area'@s classified processi ng
contents. In this exanple, {h® $ubroutines assco ated with tafie readi ng
come first. 60 Stored &hér ter are the subfoutines assoc@ted with
filter processing, the su}_ﬁi es associ ated wt h 'EG processisng, and the
subroutines associ ated wi h|v# dne control and Qccunul ati on pfdcessing in
this order. In this area, tDNe wavef orm progessi ng subrousg nes actual ly
used by the above- nenti oned m generatif§ programs TGP® or the

ef fect prograns EPs may be 3 \ t he ot hgr=tmpnd, all wgvergrm
processi ng subroutines incl ye@o] m subrout ifnes Jare
basically stored in the abo <%

X
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mepti oned hard di sk 110. Al ternatively

subroutines may be supplied fromthe external

conputer via a network. As described, in

, all waveform processing
st orage nedi um 105 or anot her

the nusic tone generating nethod

according to the present invention, the waveform processing subroutines are

shared by the sound source prograns,

so that the user can sel ect any

wavef orm processing routines to edit thefsegggding algorithmof the sound

source progranms (mrmusic tone generation processing).
descri bes these selecting and editing operations,

processi ng.
ot her processing of step 707 of #he main
is a flowhart for describing th®e above-

The foll ow ng
or the setting

It should be noted that these operations are perfornmed in the

routine shown in FIG 7A FIG 21
menti oned setting processing. This

setting processing starts when tHe operating for waveform generating

program setting is perforned by
sel ects a waveform generati ng .
sel ect ed wavef orm generating net pod, the
processing S103, FM setting pro
processi ng S105, or any setting
processing to which the process
the outline of the setting psd
setting processing at S103 tHP
processing is started, basic el
are set in step S111. This setti

he user

-

S106.

ng executed in

yents according to
g of the basic

st, in step S101, the user
o, step S102, according to the

procegs branches to PCM setting
104, ppystrtal nodel setting
g S106. Then, the setting

red. FIG 22 illustrates
[ he above-nenti oned

hbove- nent i oned setting
each sound source type

Bir
'o .

When t he

FIG.4

ik
.:“.‘ur




elements will be described later. Next, in step S112, the user determ nes
whether there is an additional option. If yes, the process goes to step
S113, 61 in which the type of the option to be added is designated. In
st'ep 114, the processing for setting the designated option is perforned.
Then, back in step S 112, the user determ nes whether there is another
option to be added. Thus, the user can BEQSthe generator algorithmin
vari ous ways such as adding filtering proCessing to the waveform data read
fromthe waveformtahl e and adoh._ng throat, growl, or resonator in the
physi cal nodel sound urce, bysdvay of exanple When there is no option,
added, the process gogs to stepaS115, the various waveform generating
progranms set in the bdsic el ene setting processing of step S111 and the
option setting procesding of stgp S114 are generated and, in step S116, the
generated waveform gerferating p rams are stored in nmemory. |t wll be
apparent that, in the progranlgdﬁ ' TTTg-of Step oLl15, the

oI ans nay be selected froma rass storage
many waveform generating progijam are

stored, instead of to the above-nenti oned
setting. The foll ow t he basic el t setting pradessing
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correspondi ng to each sound source type. FIGs. 23Ato 23Cillustrate a
fl'owchart of this basic el enment setting processing, FIG 23A indicating the
basi c el enent setting processing in the PCM nethod, FIG 23B indicating the
basic el enent setting processing in the FM nethod, and FI G 23C i ndicating
t he basic el enment setting processing in the physical nodel nethod. In the
PCM net hod, setting associated with tabwfgyggding processing is perforned
in step S121. |In step S122, EG setting performed. |In step S123, vol une
mul tiplication and accunul ati on procesi# éggset. In steps S121 through
S123, the user selects desired wavefor ﬂgb sing subroutines fromthe
subroutine group corresponding to each basic elenent setting processing. In
the FM nmet hod, the nunber of operators is set in step S131 as shown in FIG
23B. Next, in step S132, the connection between the operators is set. In
step S133, the constitution of each qrempggor is set. | n@6t ep S134, vol une
mul tiplication and accunul ati on proce o h Béiical
nmodel sound source, atNRUbwT S 3“@ t first
in step S141. Next, in step S14p , S set. In step
S143, a resonating section is_SE In step S144, theé volunme nultiplication
and accunul ati on processing is set.
m4 .
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The above-nentioned waveform generating program setting processing
can easily generate, for exanple in the PCM sound source processing shown
in FIG 15A, a waveform generating program (nusic tone generation
priocessi ng) that has an al gorithm added with vibrato processing by LFO or a
sounding algorithmwi th a desired order or a desired nunmber of output |ines
of the filter. The follow ng describes ghe/pgdfect program setting
processing with reference to FIG 24. In setting effect processing, the
user first selects an effect nethod to be used in step S151. Next, in step
S152, the process branches %o the conrespon@dng procd¥ssing according to the
met hod sel ected in step S15Z For ex@mwle, & the sekected effect is
reverberation, the reverberation sett)ing proressing ¢gf step S153 is
performed; if the sel ectq setting processing

of step S154 is pe’E}rnEC' [ | effgct +¥§ others, the
correspondi ng sett{zq prd ' | S| B# iIn sfep 55. It should be
noted that these sgid]i ng [ ' pagtfpal ly the sane as
those of tig gener ﬁr pr ($) no rther
descriptiossw || be¢ Tjade oS- qug fec rogram
setting prge€essing ﬁ—eej OH ai:z' erberation
processin hown i wtaﬁgi an fect
algorithmWith a degi éﬂ i|@Zpr aneffect
algorithmwith a d e nmb lters. It should be
noted that "wavefo g5 qﬁ d
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herein denotes a subroutine having capabilities of performng
predet er m ned wavef orm generati on and wavef orm mani pul ati on characteristic
to music tone generation and effect processing, rather than a sinple
subroutine for performng arithnetic operations. 63 In the description
made so far, the generator prograns and effect prograns that have been set
are not changed during the nusic perforﬁe processing period. It will be
apparent that the waveform generating algorithmor the effect algorithm may
be automatically altered to maveforn1ﬂEjE§j§/€g subroutines of |ess |oad
according to the total |oad of the sou According to the third
aspect of the invention, a nethod using a processor for generating nusical
t ones through groups of channels according to perfornmance infornation,
conprises the steps of loading a first synthesis program prepared for a
first group of channels- and a second synthesis program prepared for a
second group of channels together with a subroutlne progran1ut|I|zed

comonly for both of the first synthesis proagram and econd _synt hesi s
program successi vel y provi di ng WAVEF@RM @E(NERAWON) comand

generation of nusical tones, periodi caty=prov gnal at a
relatively slowrate to define one frane perlod be ween

PREPARE FOR COMPUTATION |~801
ne1 ~802

ﬁﬂ{

4 CHANNELx1 FRAME
WAVEFORM GENERATION
(OUTPUTS.OF 3 LINES) }~803
T 1805 {4x(n—1)+1} CHANNEL
NNt THROUGH {4xn} CHANNEL

COMPUTE EFFECTS [~806

|

RESERVE 1 FRAME
OF STEREO WAVEFORMS }~807
FOR REPRODUCTION

e

(END )
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successive trigger signals, periodically providing a sanpling signal at a
relatively fast rate such that a plurality of sanpling signals occur within
one frame period, executing the first synthesis program by the processor at
orre frame period so as to carry out synthesis of each set of waveform
sanples allotted to one franme period through each channel of the first
group such that the subroutine progran1@€23280 process the wavef orm sanpl es
during the synthesis, each set of the wavéform sanples being reserved in a
buffer after the synthegis, eggcuting the second synthesis program by the
processor at one franme @eri oddgo as to carry out synthesis of each set of
wavef orm sanples allott®d to e franme period through each channel of the
second group such that el sy utine programruns to process the waveform
sanpl es during the sy [ ch set of the waveform sanpl es being
reserved in a buffer ynt hesi s, and converting each of the
waveform s | es, :29 I buffer in response to each sanpling signa
into a cosgggpon g apdlog i as to generate the nusical tones.

Pref erabl yy=t he B4 | es selecting at | east one of

for reading out waveform sanpl es

64 from a ve tE e waveform sanples to nodify the

musi ¢ tones, for eatisgjaan-en el ope of the waveform sanples, for
controlling an
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anplitude of the waveform sanpl es,

wavef orm sanpl es into the buffer.

primary menory which is used as a working area of the processor.
the inventive nmethod further includes the step of addressing a

Preferably,

and for accunul ating each set of the

Preferably, the step of |oading includes
| qadi ng the sel ected subroutine programfroma secondary nenory into a

cache having a capacity sufficient to quyézgisubset of the waveform

sanples which is a division of the set o

t he waveform sanples allotted to

one frame period, the cache being hit by the processor before the buffer is
addressed by the processor while the processor runs the subroutine program

to process each subset of the waveform sanpl es.

a processor for generating nusical tones through groups of channels

The i nventive nethod using

according to performance information, conprises the steps of IoaﬂL g.2a
first synthesis {pyog bpar.ed for.agéir;t gr f channel s arjdl a secqnd
synt hesi s progr gn foF-a pedqond-gr pu Innel s, succegsj ve
provi di ng per N oai--or t g—eareand ion of nusicdl]t S,
periodically Prqgv igagr pidgnalyatja frelatijely slow ratgq o gefiine
one frame perio ccessijejtrigge periodic%%i prd%iding
a sanpling signha dst rat¢ t a plural 5 of
sanpling signals pccur flane pepi uting the firfs
synt hesi s progran] by theg pjocessof 4t one {rane perijod so as to dafryout
synt hesi s of each|set of veforn| sqgnpl es 4§l ljotted tJo each channdgl of 2 he
first group such fhat egchj]set of]tHe - g a
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wavef orm sanpl es belonging to the first group is preceding reserved in a

buffer, executing the second synthesis program by the processor at the sane

frame period so as to carry out synthesis of each set of waveform sanples

allfotted to each channel of the second group such that each set of the

wavef orm sanpl es bel onging to the second group is succeeding reserved in a

buffer after each set of the maveforn1sqa2y2$ bel onging to the first group
vétor m sanpl es reserved in the

is reserved, and converting each of the
65 buffer in respansg

signal 'so as to

processor for ge
i nformation, conpsi sgs
ef fector program toget

provi di ng performan
periodically prowd

one frame perioddbe é 5 allyﬁﬁ
a sanpling signabe a | at ijv fastdrat e Ity =df
sanpl i ng signal s¥ocgur %ﬁthi ®ne fraﬁﬁ perji synyfiesi g
program by the procgssoik=at dne = '
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frame period so as to carry out synthesis of a set of waveform sanpl es
allotted to one frane period such that the subroutine programruns to
process the waveform sanples during the synthesis, the set of the waveform
saipl es being reserved in a buffer after the synthesis, executing the
effector program by the processor at one frame period so as to carry out
nodi fication of the set of the mavefor %902§es reserved in the buffer to
create a desired effect such that the subrouti ne programruns to process
t he wavef orm sanpl es during the nodification, each set of the waveform
sanpl es being reserved jn a buffer after the nodification, and converting
each of the waveform sdpples reserved'in the buffer in response to each
sanpling signal into a gorrespondi ng anal og signal so as to generate the
musi cal tones together mith the desired effect. The inventive nmethod using
a processor for generatlng nusical tones according to performance
i nformation, conprji < steps of arranging an algorithmto designate
desired ones of s Q s—py OVi sionally stored in a nmenory,
assenbling a syntH95|.<Brogran1accord ng to the algorithmsuch that the

' call instrjctions for calling the designated
Dry, successiyely providing performance information
musi cal tonep, periodically providing a trigger
pw rate to define one

subroutines fromthe ng
to conmand. generatlon Q
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66 frame period between successive trigger signals, periodically providing
a sanpling signal at a relatively fast rate such that a plurality of
sanmpling signals occur within one frane period, executing the synthesis
priogram by the processor at one frame period so as to carry out synthesis
of a set of waveformsanples allotted to one frane period such that the
desi gnat ed subroutine prograns are seqqujﬁggy'called I n response to the
call instructions to process the waveform’samnpl es during the synthesis, the
set of the waveform sanples being res fg igggebuffer after the synthesis,
and converting each of the maveforn1ng% 6 rved in the buffer in
response to each sanpling signal into a correspondi ng anal og signal so as
to generate the mnusical tones together with the desired effect. As

descri bed and according to the first aspect of the present invention, the
sanme algorithm portions are collectively processed in parallel for a
plurality of channels in a software sound source using a processing unit

havi ng an extended instructi aylurality of
@-WAVEF : ﬁmter conput ati on

operations with a single ins
for waveform generation. In addition, as c ared wth use of extended
' ntrivance in the processing

I nstructions for realizing J
algorithmin each channel, |t PREPARE FORCOMRIITAHONz Bllelismin
a plurality of channels, t ' for the
plurality of qirarmets—fTomtie—=atgoritnmns and hence
enhanci ng prodessi ng speed pS-gitidicadityir
o GENERATE WAVEFORMS 002

FOR 16 SAMPLES

v 903
o
YES 1 FRAME COMPLETED ? —

r one channel

‘I,NO
COMPUTE VARIATION 904
COMPUTE CHORUS ~905

L

COMPUTE REVERBERATION [~906

v |

RESERVE 1 FRAME x STEREO FQW
WAVEFORMS FOR REPRODUCTION




As described and according to the second aspect of the present invention, a
unit in which wavef orm generation processing is perfornmed in a waveform
generating buffer of a software sound source is identical to the |ine size
of" cache nenory or a predetermned integral nultiple of the line size,
thereby realizing the waveform generati on processing that is fast in
operation and hard for cache mss to ocia%/ gurther, the waveform buffer is
provi ded for each effect processing, so't ag connection anong effects can
be altered easily and the cache hit rifiégdikaigCh effect processing is
enhanced. Still further, a pluralitylo rm generating buffers 67
provi ded respectively for the effects have the sanme constitution, each

ef fect processing is perforned in the corresponding buffer, and data in one
buffer can be accunulated to another by the add processing, so that, if the
user designates any software effector algorithm the sequence of the effect

processi ng and the add pFeeesstae—pay—he—t apgTH :

desi gned 2l gor i thm  CoreeASENERATE WAYEGORMS: EDR, 16 SAMRLES, )
effect attaching processing can be altered dyngmcally according to user
designation. Yet further, since the cache hit natio in generating the
waveformdata for a plurality of lqa e dE | ¢ p~GFbsing tine

for waveform generation is short etesd sdcache hit

UPDATE EGs 912

L

GENERATE ADDRESS, READ WAVEFORMS, | g4,
AND INTERPOLATE 16 SAMPLES

:

920 FILTER FOR 16 SAMPLE 914
PREPARE | -
NEXT
CHANNEL COMPUTE mixA FOR 2x16 SAMPLES |~915-

!

COMPUTE mixB FOR 2x16 SAMPLES [~916

] |

COMPUTE mixC FOR 2x16 SAMPLES |~917

I

COMPUTE mixD FOR 2x16 SAMPLES [~918

919

MORE CHANNELS
TO BE COMPUTED ?

YES

e

NO




ratio at outputting the waveformdata for each soundi ng channel to the
plurality of buffers is increased, the processing tine for waveform
generation is shortened. Mreover, the cache hit ratio at generating the
waveform data for a plurality of channel s is i ncreased, so that the nusic
tone generating nmethod for shortening the processing tinme for waveform
generation can be provided in a machi ne gf | e nedia. As described and
according to the third aspect of the present™1 nvention, the conponents of
t he wavef orm generating prograns and tgF.ééffgi prograns in each sound
source type are nmade of subroutines th I shared by these prograns,
thereby realizing a software sound source based on a plurality of sound
source types in |l ess storage capacity. Further, the sane waveform
processi ng subroutines can be used by a plurality of sound source types,
thereby easily realizing an integrated sound source based on m xed net hods.
Still further, shared waveform subrag s ed Dy the waveform
generation processing operations 'aN@iTEn—@N IEVYENTW different sounding
al gorithns sinultaneously executable on twofsoundl ng channel s, thereby
resulting in a saved program storage area. et further when the processing
is performed in a CPU having ins HEPII c:e-—rhe-ca,he hit ratio can be

i ncreased for the shared subrout l ion, e ﬁorning wavef or m
generation based on the al gorithrNNJf'_aN .ﬁEaINUMBER Td%é g channel s by
the CPU having cache, the proces$Vig+oMELOGITY or thp plurality of
soundi ng channel s are i :

ASSIGN TONES BASED ON
SOUND SOURCE TYPE [~S22
TO MIDIch OF MC

5

PREPARE FOR .
TONE GENERATION BASED | _gog
ON SOUND SOURCE TYPE

IN ASSIGNED CHANNEL

!

. WRITE NOTE-ON 524
TO ASSIGNED CHANNEL

(END )



68 collectively performed for each algorithm thereby enhanci ng the cache
hit ratio and hence increasing the processing speed. Moreover, since

wavef orm processi ng subroutines are shared between the maveforn1generation
priocessi ng perfornmed in a soundi ng channel and the effect processing for
attaching an effect to the generated waveform data, the program storage
area can be saved. Furthernore, if the @552283|ng Is perforned by a CPU
havi ng instruction cache, the cache hit tT0 can be enhanced for the
shared subroutines. Besides, the userFaﬁéquites an algorithmand a
generator programis nmade by conbi ni ng flé*m processi ng subrouti nes
according to the designation, thereby realizing algorithmediting wth high
degree of freedom And, since the generated generator progran1|ncorporates
only a call instruction of the sel getea—waw -t €] . nes
there is no need for performng br E :Ho 5 Glcordl ng
to the selection. Wile the preferred enbodi ments ¢f the present |n§§ﬁ |on
have been descri bed using speci =Gt
i|lustrative purposes only, and it is underd?Eﬁﬂ’Aﬁﬁ% tMges and

vari ati ons may be made wit hout d@?jﬂsTng\LGQ)ﬂi'ﬁHM))(FIRSd'r GCHANNEL) ge
appended cl ai ns. Aai | 832
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69 What is clained is: 1. A nusi c apparatus conprising: a processing unit
used to carry out parallel conputation steps in response to a single
instruction which is successively issued when executing a progran a
software nodul e defining a plurality of channels and bei ng conposed of a
synt hesi s program executed by the processing unit so as to carry out
synthesis of waveforns of nusical tones fyagyh the plurality of the
channel s such that the plurality of the channels are grouped into parall el
sets each containing at |east two chaq&gt; ﬁgf such that the synthesis of
the waveforns of at |east two channels ] to each parallel set are
carried out concurrently by the parallel conputation steps; a buffer nenory
for accunul atively storing the waveforns of the plurality of the channels;
and a converter for converting the waveforns into the nusical tones. 2. A
musi ¢ apparatus according to claim1, wherein the processing unit executes
the synthesis programso as to carry out the synthesis of the waveforns,
the synthesis including one type of the parallel conputation steps where

paral |l el sets each contai ni ng , Which is

different fromthe first nunleRBAD WAVEFORM TABLE  _S51
(4-POINT INTERPOLATION)

|

PERFORM QUARTIC DCF |~S52

:

GENERATE ENVELOPE |_ggs
(4 STATES)

I

PERFORM VOLUME  |_gg4
(EG+SL)
MULTIPLICATION
& ACCUMULATION
PROCESSING
(4 OUTPUTS)

((END )



channel s. 3. A method of generating nusical tones through a plurality of
channel s by neans of a processing unit used to carry out parallel

conput ation steps in response to a single instruction which is successively
I ssued when executing a program the method conpri sing: 70 executing a
synt hesi s program by the processing unit so as to carry out synthesis of
wavef orns of nusical tones through the pigy/gigty of the channels such that
the plurality of the channels are grouped into parallel sets each
containing at |east two channel s and sag ES t he synthesis of the
wavefornms of at |east two channel s bel ' ES each parallel set are
carried out concurrently by the parallel conputation steps; accumul atively
storing the waveforns of the plurality of the channels;- and converting the
waveforms into the nusical tones. 4. A nmet hod according to claim 3,
wherein the synthesis programis executed by the processing unit so as to
carry out the synthesis of the waveforns, the synthesis including one type
of the parallel conputation steps-iak V-3 Qf the channels are
grouped into parallel sets eacH_cbM aSQUNDR SQURGED)r of channel s, and
anot her type of the parallel conputation stgps ere"the plurality of the
channel s are grouped into parallel sets ea containing a

READ WAVEFORM TABLE ~S61
(WITHOUT INTERPOLATION)
GENERATE ENVELOPE L _S62

(2 STATES)

I

VOLUME MULTIPLICATION }~S63

|

READ WAVEFORM TABLE _S64
(WITH FM LINEAR INTERPOLATION) |

!

PERFORM DCF OF SECOND ORDER |~S65

|

GENERATE ENVELOPE |_ggs
(4 STATES)

!

PERFORM VOLUME S67
(EG+SL)

, MULTIPLICATION
& ACCUMULATION
PROCESSING
(3 OUTPUTS)




second nunber of channels, which is different fromthe first nunber of
channel s. 5. A machi ne readabl e medi um contai ning a synthesis program for
causing a conputer machine to undergo operation of generating nusical tones
t hrough a plurality of channels by nmeans of a processing unit used to carry
out parallel conputation steps in response to a single instruction which is
successi vely i ssued when executing the ?/eytisesi S program wherein the
operation conprises: executing the syntHesi’s” program by the processing unit
so as to carry out synthesis of mavefﬁg ﬁ&ﬂﬁ?Sical tones through the
plurality of the channels such that t ngL ity of the channels are
grouped into parallel sets each containing at |east two channels and such
that the synthesis of the wavefornms of at |east two channels belonging to
each parallel set are carried out concurrently by the parallel conputation
steps; accunulatively storing the waveforms of the plurality of the
channel s; and converting the waveforns into the nusical tones. 71 6. A
machi ne readabl e nedi um according to claimb5, wherein the synthesis program
i s executed by the procw e Wt hesi s of the
wavefornms, the synthesi Se =1 St onput ati on
steps where the plurality of the channels jJare grouped into parallel sets
each containing a first nunbe hannel ¥ __and type of the

paral | el conputation steps PERFRM H MODULE _S71
PROCESSING

|

PERFORM GE MODULE FS72

PROCESSING
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where the plurality of the channels are grouped into parallel sets each
contai ning a second nunber of channels, which is different fromthe first

- nunber of channels. 7. A nmet hod of generating nusical tones according to
performance information through a plurality of channels by parallel
conput ati on steps, the nethod conprising: successively providing
performance information to comrand geney (yugp of nusical tones;
periodically counting a frane period; periaodically counting a sanpling
period such that a plurality of sanplugfef ods occur within one frane
period; carrying out continuous synthds E%roduce a sequence of waveform
sanpl es of the nusical tones for each frane period according to the

provi ded performance information, the continuous synthesis being carried
out such that the plurality of the channels are grouped into parallel sets
each containing at |east two channels so that the continuous synthesis of
t he wavef orm sanpl es of at each parall el
set are carried out concur( REVERBERATION!PRO NG gn steps; and
converting each of the wave ms es atl|each sanpling period into a
correspondi ng anal og signal to thereby gengrate the nusical tones. 8. A
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conput ati on steps, wherein the operation conprises: 72 successively
provi di ng performance information to command generati on of nusical tones;
petiodically counting a frame period; periodically counting a sanpling
period such that a plurality of sanpling periods occur within one frane
period; carrying out continuous synthesis to produce a sequence of waveform
sanpl es of the nusical tones for each fg;ﬁpﬁgfriod according to the

provi ded performance information, the c | MTous synthesis being carried
out such that the plurality of the chagthilfﬁp grouped into parallel sets
each containing at |east two channels at /t he conti nuous synthesis of
the wavef orm sanpl es of at |east two channels belonging to each parall el
set are carried out ﬁoncurrently by t paral | el conputation steps; and

converting each of e wavef orm sanpl at each sanpling period into a
correspondi | 0 th ate the nusical tones. 9. A
musi ¢ appagatus f GCNEneratipg nugs by nmeans of sof t war e,
conprising] a Proesy t hat | exec DREXSPf t war e at eacg frame period to
carry put $ynt h%%)f}ﬁ B set | es rame
pert od; HG 2.8 # | EQUALIZING |TO DAC
>l PROCESSING
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a puffer having a capacity sufficient to store the waveform sanpl es
allotted to one franme period, the buffer being used as a working area by
the processor for storing a tenporary set of the waveform sanples which are
treated by the processor during the course of the synthesis and for storing
a final set of the waveform sanples which are obtained upon conpl etion of
the synthesis; a cache having a capacit% %u?%icient to store a subset of

t he wavef orm sanples which is smaller t % e set allotted to one frane
period such that the capacity of the buffer is set greater than the
capacity of the cache, the caﬁ%e beinggyit by tﬁ% procesglr before the
buffer is addressed by the prgcessor sq as to carry out t)he synt hesis of

each subset of the waveforfimrsanprgs f t the buffer
is otherw se addressed by fhe progepsor; apdla convegr converts the
final set of the maveforn1$aeples S i Z§ t he into the

musi cal tones. 10. A nusic u ol al praeesgo erate nusi cal
tones, conprising: a synth ul eexecpt pd 5 t he or at each
frame period so as to carr nf hesis pfla set @f m sanpl es
allotted to one frane peri urality bflbuffer ing a capacity
sufficient to store the set

to the sane
frame period after the synth :
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a plurality of effector nodul es each being linked to a correspondi ng one of
the buffers, each effector nodul e being executed by the processor to carry
out nodification of the set of the waveform sanples reserved in the
correspondi ng buffer to create a different effect; at |east one output
buffer for storing a set of waveform sanples after nodification by the

ef fect.or nodul es; a m xer nodul e executﬁg(pz the processor to add one set
of the waveform sanpl es nodified by one f %tor nodul e to anot her set of

t he waveform sanples stored in either of the output buffer or in another
buffer to be nodified by another effector |nodul e;}] and a converter for
converting the set of the waveform sanpl eg stored o1 blf fer into

the nusical tones. 11. A nusic apparatusjaccordifjpga—ta gim 10, { pherein
the m xer nodule is executed by the procegsor to joarry—ogt] conpuf ati on of
addi ng one set of the waveform sanpl es tojlanotherf set ¢ B amams 1L

sanples by a certain ratio so as to mx diffferent] effe¢ts. 32

apparatus according to claim 10, wherein fhe mi xqr @nddice T cp :;
utilized to carry out the conputation bet\yeen any pdir |o® f¥le p s. 13.
A nmusi c apparatus accordi NQ duS=eGdni M 45, ereinfthe ceantrall e QuPri ses

an editor that edits the tota*,effect al g¢rithm tjo arrange t he se£juence by
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74, the processor sequentially executes sel ected ones of the effector
nodul es and the m xer nodule in an order corresponding to the edited total
effect algorithm 14. A nusic apparatus according to claim 10, further
conprising a cache having a capacity sufficient to store a subset of the
wavef orm sanpl es which is smaller than the set of the waveform sanples
allotted to one frane period such that Qﬁ%/ggpacity of .each buffer is set
greater than the capacity of the cache, “"the Cache being hit by the
processor before the buffer is addressiﬂmgzgkie processor so as to carry
out the synthesis of each subset of th rm sanpl es nore efficiently
than that each buffer is otherw se addressed by the processor. 15. A nethod
of generating nusical tones according to perfornmance information through a
plurality of channels, the nmethod conprising: successively providing
performance information to conmand generation of nusical tones;
periodically counting a frame period;, periodigally counting a sanpling

period such that a pllural iCQONFROIADATA per i

carrying-outi-

peri od;

set of waveform sanmplles of the Ha&lcal tones

channels for one fra

ds occur within one frane

ach frame period to produce a

hrough the plurality of

peri od 4PEMBing to th¢ provided perfornmance

i nformation; accessifgg a buiferT@ps ng a capaqity sufficient to store the
wavef orm sanples all ¢tted to o pcghzms period}] the buffer being used as a
wor ki ng ar ea by the B3 ' nporary set of the waveform
samples whi eh are (PHYSICAL MODEL) |
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treated by the processor during the course of the continuous synthesis and
foér storing a final set of the waveform sanples which are obtai ned upon
conpl etion of the continuous synthesis and which are accunul ated throughout
the plurality of the channels; addressing a cache having a capacity
sufficient to store a subset of the waveform sanples which is smaller than
the set of the waveform sanples all ott%'t{gg)ne frame period, the cache
being.hit by the processor before the is 75 addressed by the
processor so as to carry out the continuous synthesis of each subset of the
wavef orm sanpl es nore efficiently than that the buffer is otherw se
addressed by the processor; and converting each of the waveform sanpl es
reserved in the buffer as the final set at each sanpling period into a
correspondi ng anal og signal to thereby generate the nusical tones. 16. A
met hod of generating musical tones according to performance information,
the nmet hod conprising: successively providing performance information to
- command generation of rnusical tones; periodically counting a frame period,
periodically counting a sanpling period such that a plurality of sanpling
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periods occur within one frame period; periodically executing a synthesis
nodul e at each frane period so as to carry out synthesis of a set of
wavef orm sanples allotted to one frame period; addressing a plurality of
buffers each having a capacity sufficient to store the set of the waveform
sanples allotted to the sane frane period after the synthesis; executing a
plurality of effector nodul es each txﬂz;b/Ajspked to a correspondi ng one of
‘the buffers to carry out nodification the set of the waveform sanpl es
reserved in the corresponding buffers to creat® different effects;
executing a m xer nodule to add one set of thé:havefoﬂﬁ1sanples nodi fi ed by
one effector nodule to another set of the wave¥brm sampl es stored in either

an out put buffer or in another buffer to be L ed anot her effector
nodul e; and converting each of the waveform pgnpls ed in the output
buffer at each sanpling period into a correspenhdijhg gnaljog signal so as to
generate the nusical tones. 76 17. A nmet hp& exkcordind to claim 16
wherein the m xer nodule is executed to carrﬁﬂﬁﬁ conputjati on of addi ng one
set of the waveform sanples to another set ggi: =
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of the waveform sanples in another buffer by a certain ratio so as to m x
different effects. 18. A method according to claim 16, wherein the nixer
nodule is commonly utilized to carry out the conputation between any pair
of the buffers. 19. A nethod according to claim46, further conprising the
step of editing the total effect algorithmto arrange the sequence by which
sel ected ones of the effector nodul es agﬁ/z%g m xer nodul e are sequentially
executed in an order corresponding to the" edited total effect algorithm

20. A nethod according to claim16,_ further conprising the step of
addressi ng a cache havi ng i;capacit3¥ sufficﬁént to stq.e a subset of the

wavef orm sanpl es w§h is Il er t;an the gt of the<waveform sanpl es
allotted to one fr ' t he C§ § address before the buffer
I s addressed so as t ot qf each fubset of the
wavef orm sanpl es m icieptly h byffem=g ot herw se
addressed. 21. A ' eaglabl o um fgnt gi ni g A uctions for
causi ng a conputer [ per i of €22 i ng nusical tones
according ¢ perfo mat pl urjeE Hyrbf C nel s,
wher ei n t h@doper at S rovi_Jgé er f of AHNCe
informati dNto com Lo D fdne s, X i)l counting a
frame peri@y;, peri nt i perijig@eEh th a plurality
of sanpli eri odp=dccur in od; -
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carrying out continuous synthesis at each franme period to produce a set of
wavef orm sanpl es of the nusical tones through the plurality of channels for
77 one frame period according to the provided performance information;
adcessing a buffer having a capacity sufficient to store the wavef or m
sanples allotted to one frane period, the buffer being used as a working
area for storing a tenporary set of the orm sanpl es which are treated
during the course of the continuous synthesis and for storing a final set
of the waveform sanpl es which are obtai ned upon conpl etion of the
conti nuous synthesis and which are accunul ated throughout the plurality of
t he channel s; addressing a cache having a capacity sufficient to store a
subset of the waveform sanples which is smaller than the set of the
wavef orm sanples allotted to one franme period, the cache being hit before
the buffer is addressed so-as to carry out the continuous synthesis of each
subset of the waveform sanples nore efficiently than that the buffer is
ot herwi se addressed; and converting each of the waveform sanpl es reserved
in the buffer as the final set at each sanpling period into a correspondi ng
anal og signal to thereby generate the nusical tones.! 22. A nmachine
readabl e nedi um contai ning instructions for causing a conputer machine to
perform operati on of generating nusieal tones according
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to performance information through a plurality of channels, wherein the

oper at i

formapnce infornation to

) NP essively providing p
commnd(imtmmmuﬂmﬂmgl cal tones; periodic
periodical |l ¥ céunting a sanpling period such

periods occur within one franme period; period
nodul e at each frame period so as to car ou
wavef orm_sanples_allotted to one franme period

buf fers S¥batasglaimed épacity sufficient to.

sanples allotted to the same frame period aftp
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éfu@%rﬁgﬂsiﬁ%ﬁtion of the set of the waveform

ffers to create different effects;

executing a maprocesdiniguaitased to cargdoutparalidl comphtatiery stepsirspesporse
nodi fied by one effector nodule to another set of the waveform sanples -

stored i Aod single dnstmcsignywhiclis suceessivebnissned whengxecuting qmogram:by

anot her

a software module defining a plurality of channels and being composed of

. a synthesis progfam executed by the processing unit so as to carry out synthesis

of waveforms of musical tones through the plurality of the channels such that

the plurality of the channels are grouped into parallel sets each containing at

least two channels and such that the synthesis of the waveforms of at least two

channels belonging to each parallel set are carried out cpncufrently by the

parailel computation steps;

a buffer memory for accumulatively storing the waveforms of the plurality

of the channels; and

a converter for converting the waveforms into the musical tones.

2. A music apparatus according to claim 1, wherein the processing unit

executes the synthesis program so as to carry out the synthesis of the

_ waveforms, the synthesis including one type of the parallel computation steps

where the plurality of the channels are grouped into parallel sets each containing

a first number of channels, and another type of the parallel computation steps.

where the plurality of the channels are grouped into parallel sets each containing

a second number of channels, which is different from the first number of

channels.

3. A method of generating musical tones through a plurality of channels by .

means of a processing unit used to carry out parallel corhputétion steps in

response to a single instruction which is successively issued when executing a

program, the method comprising:
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effector_nodul e; and converting each of the waveform sanples stored in the
out put buffer at each sanp[ing period into a correspondi ng anal og signal so
as to ge tones. 23. A machi ne readabl e nedi um accordi ng
to claim mmmllmgﬂﬂ I xer nodule is executed to carry out conputation
of addi ng 'one set e~ wavef orm sanpl es_{o another set of the waveform

sanples by a certain ratio so as to mx di'fferent effects. 24. A machi ne

readabl e nedi um according to_claim22, erein the m_xer npdule is commonly
utilized to car§XECHHNg Aes H&bm%pre&r%@ the processingginitio aatpgarry ot

Poriror " SERARRLS of RbidaAS Yrdhiidal 1Bhas Ttdnehiifiechurhliy 28 ¥t dinnets
sequence by itk S@leeprerhIRgesf thet! 88aRhERCHPE gTRdHeES it Ptaﬁ‘tﬁlﬁgl g,g{sf eegch

nodul e are sequentially executed in an order correspondlng

total effeuntaiming ahleas?Gwo'chanhelscandaimh thatethieisynttossisliof ghe waveforms
22, wherein the operation_ further conprises addreSS| ng. a cache having a
capaci ty i atcleast twoscheangls belonging:te npeleanghicagried out

smal ler than the s aIIottedto one frame period,
the cache %&Wﬁ’&ﬁ%‘%&‘&%’@%@ﬁg?ﬂ@%ﬁ%P $er, Rddr essed so as to carry out
the synthesis ofcRAANIIRIF st ing the WRHRIGFHS of the plurality of the channels; and

converting the waveforms into the musical tones.

4. A method according to claim 3, wherein the synthesis program is executed
by the processing unit so as to carry out the synthesis of the waveforms, the
synthesis including one type of the parallel computation steps where the
plurality of the channels are grouped into parallel sets each containing a first
number of channels, and another type of the parallel computation steps where

~ the plurality of the channels are grouped into parallel sets each containing a

second number of channels, which is different from the first number of channels.

5. A machine readable medium containing a synthesis program for causing
a computer machine to undergo operation of generating musical tones through
a plurality of channels by means of a processing unit used to carry out parallel
computation steps in response to a single instruction which is successively
issued when executing the synthesis program, wherein the operation comprises:

executing the synthesis program by the processing unit so as to carry out .
synthesis of waveforms of musical tones through the plurality of the c;hannels
such that the plurality of the channels are grouped ihto parallel sets each
containing at least two channels and such that the synthesis of the waveforms
of at least two channels belonging to each parallel set are carried out

_concurrently by the parallel computation steps;
accumulatively storing the waveforms of the plurality of the channels; and

converting the waveforms into the musical tones.
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79 saMy than that each buffer is otherw se addressed."
27. A m ' ocessor for generating nusical tones through groups
of cha 1"}@!?#7"& performance information, the nethod conprising the

steps of: [oading Ast synthesis program prepared for a first group of
channel s and a second synthesis program prepared for a second group of
channel s together with a subroutine prog am utilized commonl y for both of

the first synthesis progr nd the second_synthesis any] successjvely

provi di n&-per Fommasiige; § medien aceREGIIEkelaim gﬁg&grm%sméh@@,s

pert od < BererkiiS o8Pt bp s akfiiinR gt b 5. et S the BB B s
period; Qxffsbime, the sfyirftﬁ&sﬁsyﬁidl‘_ﬁdirg% BheaypE dDthieSaRiIRY KoTRPpuhti6Astepa e

period so as to carry Qut synthesis each set of Wwaveform sanpl es

al | ot t ed whererthef plamalityeof thit channels amegdrotpedriato parallel seits sachroomtaming
that the subroutine programruns to process the waveform sanples during the

synt hesi & fiestopumhermf ¢hannelse pndanathereynecoiihe patalld camputatiencsteps
fter th thesis; i ng th d_synt.hesi by the , . .

ot ocessoRRredhe rirAESHE i iSRG RPR R prPald €% Bhch Spreainipe

vavef or mys 3aphig ﬁ{“k‘g’é‘f ﬁ)é‘téhé}&‘ﬁel%E aWRid} i WiffePeRt o the A Bunibet T

second group such t
- channels.

L 7. A method of generating musical tones according to performance
information through a plurality of channels by parallel computation steps, the
method comprising:

successively providing performance information to command generation
of musical tones; |

periodically counting a frame period;

periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; ' _

carrying out continuous synthesis to produce a sequence of.waveform
samples of the musical tones for each frame period according to the provided

. performance information, the continuous synthesis being carried out such that
the plurality of the channels are grouped into parallel sets each containing at
least two channels so that the continuous synthesis of the waveform samples of
at least two channels belonging to each parallel set are carried out concurrently
by the parallel computation steps; and

- converting each of the waveform samples at each sampling period into a

corresponding analog signal to thereby generate the musical tones.

8. A machine readable medium containing instructions for causing a
computer machine to perform operation of generating musical tones according
to performance information through a plurality of channels by parallel

computation steps, wherein the operation comprises:
This is the replacement sheet
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subroutine programruns to process the waveform sanples during the

synt h(mlmwﬂmmug l t he wavef orm sanpl es being reserved in a buffer
after A n "E nd converting each of the waveform sanpl es reserved
in the buffer & each sanpling period into a correspondi ng anal og signal so
as to dgenerate the nusical tones. 28. A nethod according to claim 27,
wherein the step of |oading includes sel€t2ing at |east one of subroutine
prograns which are designed for readi ng out 80 waveform sanples from a
wave table, forsiddessively providinggierformsanpt ésformation to aomamand gengration
for creating an envel ope of the waveform sanples, for controlling an

anpl i t ude offmusicaldeBEs; m sanpl es, and for accunul ati ng each set of the

wavef orm sanpl es_i.nt.o t.he buffer. od according to claim 28,
wherein the stéberb?&llcﬂg i%ﬂ%ﬁé&u@éﬂ%&%ﬁh&’the sel ect ed subroutine
program from a secondaly SoRIg d's8mplitig FBFiYd RGN thatha Phutsli daapling
wor ki ng area of* the protessor. 30. A rrethod according to claim27, further
i ncl udi ng geditods arcorir wittinssieframe petiedjavi ng a capacity sufficient. to
store a subset of the waveform sanples which is smaller than the fet of. the

wavef or m sanpl esaraying oud eontiadons MMthepinte RIREUCE R Sesdisrcenpt Wayefarm

processor s%%lg{ees })P ghg lfIfan.glrca.ll scoialgg "t6r Ségghb%afrnseperiod according to the provided
performance information, the continuous synthesis being carried out such that
the piura]ity of the channels are grouped into parallel sets each cqntaining at
W least two channels so that the continuous synthesis of the waveform samples of
" at least two channels belonging to each parallel set are carried dut concurrently
by the parallel computation steps; and _
converting each of the waveform samples at each sampling period into a

corresponding analog signal to thereby generate the musical tones.

. A music apparatus for generating musical tones by means of a software,
comprising:

a processor that executes the software at each frame period to carry out
Isynthesis of a set of waveform samples allotted to each frame period;

a buffer having a capacity sufficient to store the waveform samples allotted
to one frame period, the buffer being used as a working area by the processor for
storing a temporary set of the waveform samples which are treéted by the
processor during the course of the synthesis and for storing a final set of the
waveform samples which are obtained upon completion of the synthesis;

a cache having a capacity sufficient to store a subset of the waveform
samples which is smaller than the set allotted fo one frame period such that the
capacity of the buffer is set greater than the capacity of the cache, the cache
being hit by the processor before the buffer is addressed by thé processor so as
to carry out the synthesis of each subset of the waveform samples more
efficiently than that the buffer is otherwise addressed by. the processor; and

a converter that converts the final set of the waveform sainples stored in
This is the replacement shest
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proces ' or runs the subroutine programto process each
subset o ] m.sanpl es. 31. A nethod using a processor for
generat;i‘i m@u&[’jﬂmthrough groups of channels according to

per f or me H "Wt he nethod conprising the steps of: |oading a
first synthesis program prepared for a first group of channel's and a second
synthesi s program prepared for a second dPoup of channels; successively
providing performance infornation to conmand generation of nusical tones;
peri odi caieybuffenintnthe musicapsenes; periodically counting a sanmpling
period such that a plurality of sanpling periods occur within one frane
period; executing the first synthesis programby the processor at one frane

period s st I es) f,e f

1 ot ted 19 cotn P, Hip¥ind°eing! a3Ho8Ror”  BAEAAM TARRIGR, tones,
wavef or m sgfipkisingel onging to the first group is preceding reserved in a -
buf fer; executing the second synthesis program by the processor at the sane
81 frame peri oa syathesisanoduly esacuteghbyidbe processahateach frame giesiod so as

sanples allotted to each chapnel of the_second ou:ﬁ succP t hat each sef gf
t he wavefi@$aITY out synthesis of a set of waveform samples allotted to one frame period,;

a plurality of buffers each having a capacity sufficient to store the set of
the waveform samples allotted to the same frame period after the synthesis;

a plurality of effector modules each being linked to a corresponding one of

W, the buffers, each effector module being executed by the processor to carry out

modification of the set of the waveform samples reserved in the corresponding
buffer to create a different effect;

at least one output buffer for storing a set of waveform samples after
modification by the effector modules; |

a mixer module executed by the processor to add one set of the waveform
samples modified by one effector module to another set of the waveform samples
stored in either of the output buffer or in another buffer to be modified by
another effector module; énd

a-converter for converting the set of the waveform samples stored in the

U output buffer into the musical tones.

11. A music apparatus according to claim 10, wherein the mixer module is
executed by the processor to carry out computation of adding one set of the
waveform samples to another set of the waveform samples by a ‘certain ratio so

as to mix different effects.

12. A music apparatus according to claim 10, wherein the mixer module is

commonly utilized to carry out the computation between any pair of the buffers..

13. A music apparatus é.ccording to claim 45, wherein the controller comprises

an editor that edits the total effect algorithm to arrange the sequence by which
This is the replacement sheet
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sanpl es M‘Cond group is succeeding reserved in a buffer
after eac”mm form sanpl es belonging to the first group is
reserved; ”m""mm'ﬁl&ach of the waveform sanples reserved in the
buffer at tach danpl | & riod into a correspondi ng anal og signal so as to
generate the nusical tones. 32. A nethod using a processor for generating
musi cal tones according to performance i nférnation, the method conprising

the steps of: |oading a synthesis programand an effector programtogether
wi th a subthsprogesserogpquentially executeswslacied ones of khefeffentorapedides end the

program and, t he effector progran succesgsivel roxj dj erfo nce

P o ot | GRS To0RS 40 b order ShrepRndres fo bR itecd Fetal et Figtitunng
frame period; periodically counting a sanpling period such that a plurality
of sanpling periods occur within one franme period; executing the synthesis

program byj4.he PraGREs appira®is ddcerdinietb Alafif #9, f@rt]h%ﬁ”rébtﬁﬁﬁsiﬁ teBiche
of a set of waveformsanples allotted to one frame period such that the
subr out i ndhgvingreacapacity sufficiendé to sthre acsudsatroftivepvavefonm sgmples which is

synthesis, the set of_ the veform sanpl es being. reserved in a buffer_after
the synt héé?%ﬁe’éMtqlﬁg%ttﬁ therway Prigt ﬁ@mﬁ% lipHedfoRne fmmspesied shg
period so LY. | £ ls ne. t e

reserved itﬁaF tktlfeie g%ha\é rt?"tgof %:E%g{a{){elﬁg}r‘l E%S ?gé{é S chﬁ%ﬂ%et%ia%r%%@nég%%ﬁgm
runs to preaepeshdiig hit by the processor before the buffer is addressed by the processor

so as to carry out the synthesis of each subset of the waveform samples more

W) efficiently than that each buffer is otherwise addressed by the processor.

15. A method of generating musical tones according to perforrnance
information through a plurality of channels, the method comprising: |
successively providing performance information to comménd generation
of musical tones;
periodically counting a frame period;
periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period;
carrying out continuous synthesis at each frame period to produce a set
W of waveform samples of the musical tones through the plurality of channels for
one frame period according to the provided performance information;
accessing a buffer having a capacity sufficient to store the waveform
samples allotted to one frame period, the buffer being used as a working area by
the processor for storing a temporary set of the waveform samples which are
treated by the processor during the course of the continuous synthesis and for .
storing a final set of the waveforma samples which are obtained upon completion
of the continuous synthesis and which are accumulated throughout the plurality
of the channels; | '
addressing a cache having a capacity sufficient to store a subset of the
waveform samples which is smaller than the set of the waveform samples allotted

to one frame period, the cache being hit by the processor before the buffer is
This is the replacement sheet
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wavef or m sanpl es g the nodification, each set of the waveform sanples
bei TWHTIH” uffer after the nodification; and converting each of
t he [ 158 Img”@ reserved in the buffer at each sanpling period into a
c_orrespf)ndﬁ ngr ars signal so as to generate the nusical tones together
with the effect. 82 33. A nethod according to claim 32, wherein the

step of l|oading includes selecting at | el3t one of subroutine pr ogr ans

“which are designed for. filtering the waveform sanples to nodify the Si
tones, faddsessad by thecprecesser SPmin 6aryOWbHhe FoRHBUAMS YR S 0%?“31%

cont 1ol he2f oPIBL gt ol o PRI Pnad el e BT BbPRWRR"
claim SZa&‘#%Ig%%WOéJ@.%%egsg&Sﬁ%ap of addressing a cache having a

capacity su set of the waveform sanples which is

smal | er than tdavestingleacheofthieataveformngimples teserved invthmbuffenas therfinal,
the cache being hit by the processor before the buffer is addressed by the
pr ocessosebtitl eachesampling @eriothdnto a Rosresponding agales sighabtasthes
subset of the wavef orm,sgggl es. 35. A nethod using a processor for

gener at i gengratecthe myeisal et ng to performance information, the method
conprising the steps of: arranging an al gorithm such that subroutine
prograns provisionally

16. A method of generating musical tones according to perforr_narice
information, the method comprising: |
' ' successively providing performance information to command generation
of musical tones; .
periodically counting a frame period;
periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; .
periodically executing a synthesis module at each frame period so as to
carry out synthesis of a set of waveform samples allotted to one frame period;
addressing a plurality of buffers each having a capacity sufficient to store
the set of the waveform samples allotted to the same frame period after the
synthesis; | o
executing a plurality of effector modules each being. linked to a
corresponding one of the buffers to carry out modification of the set 6f the
- waveform samples reserved in the corresponding buffers to create different
effects;
executing a mixer module to add one set of the waveform samples modified
by one effector module to another set of the waveform samples stored in either
an output buffer or in another buffer to be modified by another effector module;
and
converting each of the waveform samples stored in the output buffer at
each sampling period into a corresponding analog signal so as to generate the

musical tones.
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stored in a nenory, are selectively designated by the afranged al gorithm

asse ' IS program according to the algorithmsuch that the
synt 'ﬂmﬂmi[ E tains call instructions for calling the designated -
subr oWt e1€SL T IKOTTls menory; successively providing performance i,nformation

to command generation of nusical tones; periodically counting a frame
period; periodically counting a sanpling Period such that a plurality of
sanpling periods occur, within one frane period; executing the synthesis

progr am byl &-he Aometbodoaccording to claim 36; wheren the mixenmodule issexrngeddo
of a set of waveformsamles all.qtted to one.. frane period such that .the
desi gnat e 2EDHPHG COMPRIAN AL adfing eng Set o th waygferm samelasir anpthanset
call instr | .0 0, e: r . 6 ULLAY: hggi .
cet of 't not L PRrEfolhoGERBICT ORISR BATRL By LAt By BONES b niit®
synt hesi s qiffefbritoef&dtsi Ng each of the waveform sanples reserved in the

buffer at each sanpling period into a correspondi ng anal og signal so as to

generate the nusical tones, wherein different synthesis prograns assenbl ed
according to different, al gorjthns contai | east one call |nstruction for
cal I'i ng tg S sade q:c?fgdmg to ciairllnalé] v%flereem tthe m?xer mo&l?le is commonly

utilized to carry out the computation between any pair of the buffers.

19. A method according to claim 46, further comprising the step of editing the
o total effect algorithm to arrange the sequence by which selected ones of the
effector modules and the mixer module are sequentially executed in an order

- corresponding to the edited total effect algorithm.

20. A method according to claim 16, further comprising the step of addressing
a cache having a capacity sufficient to store a subset of the waveform samples
which is smaller than the set of the waveform samples allotted to one frame
period, the cache being addressed before the buffer is addressed so as to carry
out the synthesis of each subset of the waveform samples more efficiently than

that each buffer is otherwise addressed.

21. A machine readable medium containing instructions for causing a
computer machine to perform operation of generaﬁng musical tones according
to performance information through a plurality of channels, vyhereih the
" operation comprises: '

_ successively providing performance information to command generation
of musical tones;

periodically counting a frame period;

periodically counting a sampling period such that a pluraiity of sampling
periods occur within one frame period;

| carrying out continuous synthesis at each frame period to produce a set

of waveform samples of the musical tones through the plurality of channels for
. This is the replacement sheet
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36. A mpa\d ai m 35, wherein the step of arrangi ng conprises
desi gnat m,mll ne of subroutine progranms which are designed for

r eadi ng h W?ME les froma wave table, for filtering the waveform
sanpl es to nodtfy #¥isi c tones, for creating an envel ope of the waveform
sanples, for controlling an anplitude of the waveform sanples, and for
accunul ati ng each set of the waveform sahples into the buffer. 37. A nethod
according to claim35, wherein the step of assenbling includes |oading the
desi gnat exhe fiiame tperindaccpmling ftodineaprmiided perforenanye imformatponar y

menory which is used as a rking, area of the processor. 38. A _nachine -
readabl e nedi IACCESSIRE B rk@lmf?qrs haying & sapacityguifigient donpiorer thewsvaveform

havi : f L f ] ti ical t :
accor di ng BB Fiathe B or R Do i s bind Be R e kil ares for
oh . : - : : . i

fi (ras'?pg{ ?&gﬁglgggﬁi&el S Sar%%?fggggﬁgﬁéynt hési g E?%@%&Epr epara'ggé1[ or agr

second grepursefofciirnoehtinuoyst syaithesis andsfor storinge apfingl seb of the Zetveform
comonly for both of the first synthesis program and the second synthesis

progr am samplesswhicly age ahtaingyd pooneompletioniafthe continyous esis and
ti i cal t y I adi cal L f I od;
UG A T RS Y N ST
periods occur él&&%é%ix?%% EaE h%f‘%iﬁgr% c@&&iﬁ&'éﬁﬂﬁ&i&%ﬂcﬁ& StoraYd sUB3eE of the
program by the processor at one fra peri o
waveform samples which is smaller than the set of the waveform samples allotted

\_/ to one frame period, the cache being hit before the buffer is addressed so as to
carry out the continuous synthesis of each subset of the waveform samples more -
efficiently than that the buffer is otherwise addressed; and

converting each of the waveform samples resefved in the buffer as the fmal
set at each sampling period into a corresponding analog signal to thereby

generate the musical tones.

22. A machine readable medium containing instructions for causing a
computer machine to perform operation of generating musical tones according
to performance information through a plurality of channels, wherein the
L operation comprises: |

successively providing performance information to command generation
of musical tones; |

periodically counting a frame period; _

périodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; |

periodically executing a synthesis module at each frame period so as to
carry out synthesis of a set of waveform samples allotted to one frame period;

addressing a plurality of buffers each having a capacity sufficient to store
the set of the waveform samples allotted to the same frame period after the
synthesis; ' |

executing a plurality of effector modules each being linked to a
.3 18 the replacement sheet
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Igﬁesérgﬁet gecr:'ar (rjyt ﬁUt s¥nt hers]l shof e?chfse:] 011: wavef orm sa I, aI lotted to
io rough each channel of the first group STM mﬂﬂ"n”m””m

subroutine programruns to process the waveform sanpl es du

synthesis, each set of the waveform sanpl es being reserved i'n

after the synthesis; executing the second synthesis program by the
processor at one frarre period so as to ca'?&y out synthesis of each set of
waveform sanples allotted to one frane period through each channel of the
second gr eoprespondihgt oneeofsthn duffers to egrgmoutnmadifipationsef the setvef dhm

sanpl es during the synthe5|s ach set of the wayefo npl es_bein
reserved Wﬁ@% U SAMD F%rretsﬁé" Anntae §°r§?ﬁP‘tr5¥W§r h"ﬁ% a’r@ncmzatphalfferent,
vvaveforms?ﬁgl:es reseryed in the buffer at each sanpling period into a
correspon $thal og signal so as to generate the nusical tones. 39. A

machi ne r eadabl g BRinNaL MixRir Nirithiles bkeiited o f £dd Cone i s of ahepwatieform
machi ne havi ng a processor to perform operation of generating nusical tones

accor di ng saenjlesiaodificckby oherefféctonmodwlediorandthenset of the wayeforns samples

| oading a first synthesis program pr epar ed for a_fi rst ou annel
and a secstoredyin eishesobanguipusaiarar gaf'pﬂg?tﬁéﬁgﬁw t%er

successi vel rovi dj erf or man
f%cgormodtﬁ% g.nd ce i nformat i on to commnd generat i on

converting each of the waveform samples stored in the output buffer at
each sampling period into a corresponding analog signal so as to generate the

W musical tones.

23. A machine readable medium according to claim 22, wherein the mixer
module is executed to carry out computatioh of adding one set of the waveform
samples to another set of the waveform samples by a certain ratio so as to mix

different effects.

24. A machine readable medium according to claim 22, wherein the mix_er
module is commonly utilized to carry out the computation between- any pair of
the buffers. '

25. A machine readable medium accordihg to claim 47, wherein the operation
further comprises editing the total effect algorithm to arrange the sequence by
whicﬁ selected ones of the effector modules and the mixer module are
sequentially executed in an order corresponding to the edit.ed' total effect

algorithm.

26. A machine readable medium according to claim 22, wherein the operation |
further comprises addressing a cache having a capacity sufficient to store a
subset of the waveform samples which is smaller than the set of the waveform
samples allotted to one frame period, the cache being addressed before the buffer

is addressed so as to carry out the synthesis of each subset of the waveform
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of nusical tones; periodically counting a frane; peri odiw

sanpling period such that a plurality of sanpling periods w thin oné
frame period; executing the first synthesis program by tdm ﬂ[ e
frame period so as to carry out synthesis of each set of wav mmﬂr
allotted to each channel of the first group such that each set of The "«
wavef orm sanpl es belonging to the first dgfoup is preceding reserved in a
buffer; executing the second synthesis program by the processor at the sane
frame persasuples morecfigientlythasthateach nffenishotharwise addrtssed.sanpl es
allotted to each channel of the second group such that each set of the
wavef orm 85 sanpl es belonging to the second group is succeeding reserved
in a buffgy aff e_:ﬁ?ofd‘u%{ng/af ﬁo%‘ésé“&yﬁ}}f % e?aﬁ&g/ ?éeﬂ%h%ﬁ &ﬂoﬁgﬁ%r‘o s
group i s reservéed; and cortverting eac [ he erorm sanples reSer¥ed*in
the buff &jf cHareaél’ fastring to Perfstmahee inforhiAae e thethaldogomipiisihg e
as to generate the nusical tones. 40. A nachi ne readabl e medi um cont ai ni ng
i nstruct istepsfofr causi ng a conputer nachi ne having a processor to perform

operation of generating nusicgl tones accordi ng to perfornmance infaqrmation,
\ME erein the Oggpgépg@ gg%ﬁylg .stis program prepa%'ed for a first group of channels

and a second synthesis program prepared for a second group of channels

together with a subroutine program utilized commonly for both of the first
synthesis program and the second synthesis program,;
) successively providing performance information to command generation

of musical tones;

periodically counting a frame period; _

periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; '

executing the first synthesis program by the processor at one frame period
so as to carry out synthesis of each set of waveform samples allotted to one
frame period through each channel of the first group such that the subroutine
program runs to process the waveform samples during the synthesis, each set
of the waveform samples being reserved in a buffer after the synthesis;

executing the second synthesis program by -the .pfocessor at one frame
period so as to carry out synthesis of each set of waveform samples allotted to
one frame period through each channel of the second group such that the
subroutine program runs to process the waveform samples during the synthesis,

" each set of the waveform samples being reserved in a buffer after the synthesis;

and

converting each of the waveform samples reserved in the buffer at each
sampling period into a corresponding analog signal so as to generate the musical

tones.

28. A method according to claim 27, wherein the step of loading includes

selecting at least one of subroutine programs which are designed for reading out
' This is the replacement sheet
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| oadi ng a synthesis programand an effector programtogether with a
subroutine programutilized commonly for both of the synt,m {

the effector program successively providing performanceli ﬁmnﬁﬂﬂﬁm
command generation of nusical tones; periodically-countind ac®ramespesi ol
periodically counting a sanpling period such that a plurality of sanpling
peri ods occur within one frane period; exBButing the synthesis program by.

the processor at one frame period so as to carry out synthesis of a set of
wavef or m suaytfosmuisapaples from e wavertable; ifor filtefinghihe wraveformosamples to

o tho veuBPg1 e JORRY: LGRS ANCINRIPES SLthE VRTRIOE, Shaypes, for
eXeCUt 110 difyr S b orloHAE) S GaEAERT S8 Abe CBR 107 TRcRRRLMA0 iR

1 3
to carry out nod catro the set 0o orm sanpl es reserve

the buf f erset @faheakavéforai kafipleydntd taé buffersubroutine programruns to
process the wavef orm sanpl es cﬁjri ng the nodification, each set of the

wavef orm sanpl es being reserved in a buffer after the nodification; and
converting each of the wavefqrm sanples reserved, in the buffer aj eac
sanpling i o&i@?&hﬁdmgﬂéﬁnﬁp:@aﬁaggg vdigzein s SR of Jerding ngdes
nusi cal “iBS&iﬁé’ $RE"SLieMd disrotithse tprogram from a secondary memory into a

primary memory which is used as a working area of the processor.

-

W, 30. A method according to claim 27, further including the step of addressing
a cache having a capacity sufficient to store a subset of the waveform samples
which is smaller than the set of the waveform samples allotfed to one frame
period, the cache being hit by the processor before the buffer is addressed by the
processor while the processor runs the subroutine program to process each

subset of the waveform samples.

31. A method using a processor for generating musical tones through groups
of channels according td performance information, the method comprising the
steps of:
loading a first synthesis program prepared for a first group of channels
and a second synthesis program prepared for a second group of channels;
J successively providing performance information to command generation
of musical tones; |
periodically counting a frame period; .
periodically counting a sampling period such that a pluraiity of sampling
periods occur within one frame period; .
| executing the first synthesis program by the processor at one frame period
so as to carry out synthesis of each set of waveform samples allotted to each
channel of the first group such that each set of the waveform samples belonging
to the first group is preceding reserved in a buffer;

executing the second synthesis program by the processor at the same
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86 41. A machine readable medium containing instructions for causing a

conmput er machi ne having a processor to perform operation flllm

nmusi cal tones according to perfornmance information, where mmm"m,mll
fns L N s *

conprises: arranging an algorithm such that subroutine pr odra
provisionally stored in a nmenory are sel ectively designated according to
the arranged al gorithm assenbling a symhesi s program according to the
al gorithm such that the synthesis program contains call instructions .for
cal | ing tfhendepegiodt ed asiltoocarrgesut symthesisnefreagh set of syavefoynpsampicsg -
performance information to command generation of si cal tone§; .
peri Ogl callr?;thd)tm@aﬂlg channelef theissgong Sroum Fach %@Bﬁﬁ?]il SGt o1 theyyavsiorm
period such that ural ity of sanplin er] M3 D

peri og; S sn‘@ealpﬁgl%%ﬁ? ﬁ%gissecgpgp am 55 H‘}gg%? oglgss?gr%%‘{a g?l%nﬁlrlg%rrg%er
period s 519{(_]_[ gﬁﬂ,' | et
to one f%g‘%gl ép%l’l 0 és’\g%ﬁk{%?%t he %gggﬁggg{dg gjgﬁgﬁﬁﬁ?@?gg? ;ﬁger?rdg@
sequential |y cednwedting exctyof thetwavéfernnkaniples reseivedsin therbuffersat each
wavef orm sanpl es during the synthesis, the set of the waveform sanples.
bei ng r esampling pesicsuintera egrrespending aaslog signalsp as o generate siga]e

wavef orm sanples reserved in the buffer at each
tones.

32. A method using a processor for generaﬁng musical tones according to
U performance information, the method comprising the steps of:

loading a synthesis program and an effector program together with a
subroutine program utilized commonly for both of the synthesis program and the
effector program,; .

successively providing performance information to command generation
of musical tones; '

periodically counting a frame period;

periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period;

executing the synthesis program by the processor at one frame period so

,- as to carry out synthesis of a set of waveform samples allotted to one frame'.

period such that the subroutine program runs to process the waveform samples
during the synthesis, the set of the waveform samples being reserved in a buffer
after the synthesis;

executing the effector program by the processor at one frame period so as
to carry out modification of the set of the waveforrh samples reserved in the
buffer to create an effect such that the subroutine program runs to process the
waveform samples during the modification, each set of the waveform samples
being reserved in a buffer after the modification; and

converting each of the waveform samples reserved in the buffer at each
sampling period into a corresponding analog signal so as to generate the mﬁsical

* tones together with the effect. , This is the replacement sheet
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sanpling period into a correspondi ng anal og signal so amwj
nmusi cal- tones, wherein different synthesis prograns ass | ed according
different algorithns contain at |east one call instruct ?WI"HM”"W - e
same subroutine. 42. A nusic apparatus according to clai v #mm"[‘
conpri si ng anot her software nodul e conposed of an effector probram execlt ed
by the processing unit if the effector pr&gram contains parall el
conputation steps to apply an effect to the waveforns stored in the buffer

menory. 43. A nethod according to claim3, further conprising the step of
executi ng 87 an effortor programby the processing unit if the effector

progr Sm c@d.ai rﬁsfx?atrmd glccooding 4o it'dallﬁt 33s veh%rab? ttheagﬁﬂpy of doadi:lg/\mwess
. T A . ) :

claims. Emt e eﬁkagﬁ_ ong oot %mmmpr' Pgrae regpﬁﬁpﬁ@@é{lﬁuﬁq]a@a%%reﬁﬁ%epsi _Orthe

E(r)?rgfj?zr;-i )é”rrlés;t?%ps SO Els to ap())pk)'llﬂyJ an e!fié{::t %%é’t it:a vvgase#%rrré%g%ogeg ?An ihlees-

buf f er _rrertarmdﬁ? thé MusicCtolueafer conteeliRiglhn @xhgliﬁidaé of b whvefdtii samples,
conprising a controller that provides a total effect algorithmfor

i nst ruct i regd for accursdatingeasteset of the wevefotmrsampldscintartihet braffer.xer
nodul e in a predeterm ned sequence to create a total effect which is a
m xture of the different effects.

34. A method according to claim 32, further including the step of addressing

a cache having a capacity sufficient to store a subset of the waveform samples
\_ ~  which is smaller than the set of the waveform samples allotted to one frame
period, the cache being hit by the processor before the buffer is addressed by the
processor while the processor runs. the subroutine program to process each

subset of the waveform samples.

35. A method using a processor for generating musical tones according to
performance information, the method comprising the steps of: - '

arranging an algorithm such that subroutine programs provisionally |
stored in a memory, are selectively designated by the arranged algorithm,;

assembling a synthesis program according to the algorithm such that the

\_ synthesis program contains call instructions for calling the .designated
'_ subroutines from the memory; ' |

successively providing performance information to command generation
of musical tones; |

periodically counting a frame period;

periodically counﬁng a sampiing period such that a plurality of sampling
periods occur within one frame period; ' .

executing the synthesis program by the processor at one frame period so
as to carry out synthesis of a set of waveform samples allotted to oné. frame
period such that the designated subroutine programs are sequentially called in
response to the call instructions to process the waveform samples during the

synthesis, the set of the waveform samples being reserved in a buffer after the
_ This is the replacement sheet
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46. A method according to claim16, further conprising thestepof—
providing a total algorithmfor instructing execution of ta] ef fector’

nmodul’'es and the mi'xer nodule in a predeterm ned sequence t ﬁH‘ﬂr'muﬂﬂmm

effect which is a mxture of the different effects. 47. A
medi um according to claim 22, wherein the operation further corrprl se¥ the *
step of providing a total effect al gorit®n for instructing execution of the
ef fector ‘'nodul es and the mixer nodule in a predeterm ned sequence to create
a total" eyhthesishiagid is a m xture of the different effects. 48. A nethod
according to claim 27, wherein_ the step of |oading includes selecting at

| east one of &onvesting eachof rtbepwage%zm samples rrgseﬁ@d/méhgrbui@m gachy

el ot oREEPLE PEHOM IS artorEne e shePalREna i b5 M Reherat R mibial”
fgvgl g?%tg%eé gir’%}éﬁ{ e stepgﬁ%%? Irﬁlgg%l?ing méfm ssse c%&gng g?{%:aast

one of aaligcdthmsvorithinatleag ane call ifisiirgidn forvealtihgrtilessdfeasubrdutine.
digital filTter subroutine programfor filtering the waveform sanples to

nmodi fy the music tones, and an envel ope generator subroutine program  for
O oo AR e RS e a8 e AP IS0 s
designating at least one of subroutine programs which are designed for reading -
out waveform samples from a wave table, for filtering the waveform samples to
N2 modify the music tones, for creating an envelope of the waveform samples, for
controlling an amplitude of the waveform samples, and for accumulating each

set of the waveform samples into the buffer.

37. A method according to claim 35, wherein the step of assembling includes
loading the designated subroutine programs from a secoridary memory into a

primary memory which is used as a working area of the processor.

38. A machine readable medium containing instructions for causing a
computer machine having a processor to perform operation of genérating musical
tones according to performance information through groups of channels, wherein
the operation comprises:

: loading a first synthesis program prepared for a first group of channels
and a second synthesis program prepared for a second group of channels
together with a subroutine program utilized commonly for both of the first

. synthesis program and the second synthesis program; ' '
successively providing performance information to command generation
of musical tones;
periodically counting a frame period;
periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period;

executing the first synthesis program by the processor at one frame period
This is the replacement sheet
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a cache having a capacity sufficient to store a subset of th -
sanples which is smaller than the set of the wavef orm sanpl eg,mrlmghmmnl
one frame period, the cache being addressed to carry out .the synt s

each subset of the waveform sanples. 51. A nachine readable nmedi um *
according to claim39, wherein the operation further conprises the step of
addressing a cache having a capacity suffdient to store a subset of the

wavef orm sanpl es which is smaller than the set of the waveform sanpl es

al lotted tso asetd carey parti syhthdsis ofi dachbsetngf aviirefommdsamples ratlotted ttbeone
synt hesis of each subset of the veformstarrpl es to nodify the nusic tones.

52. A net same psrigdnghrongh each shangel of; etﬁ@tgeypo?ru@ay;éhaﬁghs 1kreaiine
selecting at | east one of a _mxgr breutin ogram.for.,m Xxi t he

wavet or m SERQEFEER RASPEReERs e Favelin santnles shiing heRathesis: sach ret
vavef or m S wavefdiAl danbltd Beitierdsaffe jP & bAffeR aleRdhe eigiedi um
according to claim40, wherein the“step of loading I ncludes Selectidg at

| east one of a skeeutinghtheusecond sypthesisoprograinm byt tiee proeésson atopkeefranmel

a digital filter subroutine programfor filtering the waveform sanples to.
nodi fy t hepetiiedsa aade.carry out synthesis of each set of waveform samples allotted to

one frame period through each channel of the second group such that the
subroutine program runs to process the waveform samples during the synthesis,
each set of the waveform samples being reserved in a buffer after the synthesis;
) and
converting each of the waveform samples reserved in the buffer at each .
sampling period into a corresponding analog signal so as to generate the musical

tones.

39. A machine readable medium containiﬁg instructions for™ causing a
computer machine having a processor to perform operation of generating musical
tones according to performance infomaﬁoﬁ, wherein the operation comprises:

loading a first synthesis program prepared for a first group of channels
-and a second synthesis program prepared for a second group of channels;

\/ successively providing performance information to command generation
| of musical tones;

periodically counting a frame;

periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period;

executing the first syhthesis program by the processor at one frame period
so as to carry out synthesis of each set of waveform samples allotted to each
channel of the first group such that each set of the waveform samples belonging
to the first group is preceding reserved in a buffer;

executing the second synthesis program by the processor at the same
frame period so as to carry out synthesis of each set of waveform samples

allotted to each channel of the second group such that each set of the waveform
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samples belonging to the second group is succeeding reserved in' a buffer after
each set of the waveform samples belonging to the first group is reserved; and

converting each of the waveform samples reserved in the buffer at each
sampling period into a corresponding analog signal so as to generate the musical
tones. | '
40. A machine readable medium containing instructions for causmg a
- computer machine having a processor to perform operation of generating musical
tones according to performance 1nformat10n, wherein the operation comprises:.

loading a synthesis program and an effector program together with a
subroutine program utilized commonly for both of the synthesis program and the
effector program; |

successively providing perfbrmance information to command generation
of musical tones;

periodically counting a frame period;

périodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; _

executing the synthesis program by the processor at one frame period so
as to carry out synthesis of a set of waveform samples allotted to one frame
. period such that the subroutine program runs to process the waveform samples
during the synthesis, the set of the waveform samples being reserved in a buffer
after the synthesis; ,

| executing the effector program by the processor at one frame period so as

to carry out modification of the set of the waveform samples reserved in the
buffer to create an effect such that the subroutine-program runs fo process the
waveform samples during the modification, each set of the waveforfn samples
being reserved in a buffer aftef the modification; and

converting each of the waveform samples reserved in the buffer at each
sampling period into a corresponding analog signal so as to generate the musical
tones together with the effect.
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41. A machine readable medium containing instructions for causing a
computer machine having a procés'ﬁdi' to. pérform operation of generating musical
tones according to performance 1nformat10n, wherein the operation comprises:

arranging an algorithm such that subroutine programs provisionally
stored in a memory are selectively designated according to the arranged
algorithm,; |

assembling a syrithesis program according t6 the algorithm such that the
synthesis program contains call instructions for célling the designated
subroutines from the memory;

successively providing performance information to comrhand generation
- of musical tones; _ |

periodically counting a frame period;

periodically counting a sampling period such that a plurality of sampling
periods occur within one frame period; ' '

executing the synthesis program by the processor at one frame period so
as to carry out synthesis of a set of waveform samples allotted to one frame
period such that the designated subroutine programs are sequentially called in
response to the call instructions to process waveform samples during the
synthesis, the set of the waveform samples being reserved in a buffer after the
synthesis; and ' _

converting each of the waveform samples reserved in the buffer at each
sampling period into a corresponding analog signal so as to generate the musical
. tones, wherein different synthesis programs assembled according to different

algorithms contain at least one call instruction for calling the same subroutine.

42. A music apparatus according to claim 1, further comprising another
software module composed of an effector program executed by the processing
unit if the effector program contains parallel computation steps to apply an effect

to the waveforms stored in the buffer memory.

43. A method according to claim 3, further comprising the step of executing'
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an effortor program by the procéssmg unit if the effector program contains

parallel computation steps so as to apply to the waveforms stored in the buffer

. memory.

44. A machine readable medium according to claim 5, wherein the operation
further the step of executing an effector program by the processing unit if the
effector program contains parallel computation steps so as to apply an effect to

the waveforms stored in the buffer memory.

45. A music apparatus according to claim 10, further comprising a controller
that provides a total effect algorithm for instructing the processor to execute the
effector modules and the mixer module in a predetermined sequence to create

a total effect which is a mixture of the different effects.

. 46. A method according to claim 16, further comprising the step of providing
a total algorithm for instructing execution of the effector modules and the mixer
module in a predetermined sequence to create a total effect which is a mixture

of the different effects.

47. A machine readable medium according to claim 22, wherein the operation
further comprises the step of providing a total effect algorithm for instructing
execution of the effector modules and the mixer module in a predetermined

sequence to create a total effect which is a mixture of the different effects.

48. A method according to claim 27, wherein the step of loading includes
selecting at least one of a mixer subroutine program for mixing 'the- waveform
_ samples, a digital filter subroutine for ﬁltéring the waveform samples to modify
the music tones, and an envelope generator subroutine program for creating an

envelope of the waveform samples.

49. A machine readable medium according to claim 38, wherem the step
This is the replacement sheet
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of loading includes selécting at least one of a mixer subroutine program for .
mixing the waveform samples, a digital filter subroutine program for filtering the

waveform samples to modify the music tones, and an envelope generator

subroutine program for creating an envelope of the Wavéform samples.

- 50. A method according to claim 31, further comprising the step of addressing

a cache having a capacity sufficient to store a subset of the waveform samples

which is smaller than the set of the waveform samples allotted to one frame

period, the cache being addressed to carry out the synthesis of each subset of

the waveform samples.

51. A machine readable medium according to claim 39, wherein the operation
further comprises the step of addressing a cache having a capacity sufficient to
store a subset of the waveform samples which is smaller than the set of the
waveform samples allotted to one frame period, the cache being addressed to
carry out the synthesis of each subset of the waveform samples to modify the

music tones.

52. A method according to claim 32, wherein the step of loading includes
selecting at least one of a mixer subroutine program for mixing the waveform
samples and a d1g1tal filter subroutine program for filtering the waveform

samples to modify the music tones.

53. A machine readable medium according to claim 40, wherein the step of
loading includes selecting at least one of a mixer subroutine program for mixing
the waveform samples and a digital filter subroutine program for filtering the

waveform samples to modify the music tones.
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